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LETTERS  OF  TRANSMITTAL. 


Washinqton,  D.  C,  Ma^Sl^  1917. 

Sir:  Pmsuant  to  the  recommeiidAtioii  of  the  executiYe  committee  of  the  Second 
Pan  Americmn  Scientific  CongreoB,  which  waa  held  in  WMhington  December  27, 191&- 
Januaiy  8, 1916,  and  by  the  cooperation  of  the  United  States  Ckmgreas  (mgent  defi- 
ciency bill,  Sept.  8,  1916),  the  papen  and  diacuamons  of  that  great  international 
Scientific  gathering  have  been  c(»npiled  and  edited  for  publication  under  the  able 
direction  of  the  Anstant  Secretary  (General,  Dr.  Glen  Levin  Swiggett.  In  thie 
volume  la  contained  the  report  of  Section  V,  of  iHiich  Qentfal  W.  H.  Bizby,  of 
the  executive  committee  waa  chairman. 

In  my  formal  report,  which  haa  already  been  aubmitted,  I  enlarged  upon  the 
importance  of  the  Second  Pan  American  Scientific  Gongreea,  ita  large  attendance,  and 
the  high  quality  of  ita  papen  and  diacuaaiona.  I  will,  ther^re,  in  thia  letter,  which, 
in  alightly  varied  form,  introducea  each  volume,  make  only  a  few  general  referencee. 

All  of  the  21  Republics  of  the  Western  Hemiaphere  were  rei»esented  by  <^cial 
delegates  at  the  Congress.  Unofficial  delegates,  moreover,  from  the  leading  scientific 
associations  and  educational  institutions  of  these  Republics  presented  papers  and 
took  part  in  its  deliberations.  The  papers  and  diacuasionB  may  be  considered,  th«e- 
Ixxe,  as  an  expreaaion  of  comprehensive  Pan  American  adentific  effort  and  possess, 
in  consequ^ice,  inestimable  value. 

The  Congress  was  divided  into  nine  main  sections,  which,  with  their  chairmen, 
were  as  follows: 

I.  Anthbopoloot.    W.  H.  Holmes. 
II.  AsTRONOMT,  Mbtboboloot,  akd  Sxismoloot.    Robert  S.  Woodward. 

ni.  CoNSBBVATioN  ov  Natubal  Rxsourcss,  AgricultUTo,  Irrigation,  and  Forestry. 
George  If.  Rommel. 

IV.  Education.    P.  P.  Claxton. 
V.  Enginssbing.    W.  H.  Bixby. 

VI.  IntbbnationalLaw,  PnBUoLAW,AKDJuBiBPBUDBNOB.    Jamos  Browu  Scott. 
VII.  linoNO,  Mbtallubot,  Eoonomio  Gmoumy,  and  Appubd  Chbmistbt.    Hen- 

nen  Jennings. 
Vin.  PuBuo  Hbamh  and  Mbdigal  Soobnob.    ¥^iam  C.  Goigas. 

IX.  Tbanspobtation,  Commbbob,  Finanob,  and  Taxation.    L.  S.  Rowe. 

These  sections,  in  turn,  were  further  subdivided  into  45  subsections. 

Over  200  delegates  were  in  attendance  from  the  Latin  American  Republics,  while 
over  a  thousand  from  the  United  States  participated  in  its  meetings.  The  discussions 
and  |mx;eedings  of  the  Congress  attracted  world-wide  attention,  and  it  was  undoubt- 
edly the  greatest  international  scientific  meeting  that  has  assembled  anywhere  in  the 
history  of  the  Western  Hemisphere  and  possibly  of  the  world.  It  was,  thoefore,  m 
fitting  successor  to  the  first  Pan  American  Scientific  Congress,  which  assembled  in 
Santiago,  the  capital  of  Chile,  in  1908,  and  to  its  predecessors,  confined  to  Latin 
American  representation,  which  in  former  years  met,  respectively,  in  Rio  de  Janeiro, 
Montevideo,  and  Buenos  Aires.  Its  success  was  a  logical  result  of  these  preceding 
gatherings  in  Latin  America  and  of  the  hearty  cooperation  of  the  Latin  American 
Governments  and  scientists. 

To  those  who  may  have  their  attention  brought  oidy  'to  the  individual  volumes 
covering  the  papers  and  discussions  and  who  wish  to  know  more  of  the  proceedinga  of 
the  Congress  and  the  results  accomplished  by  it,  it  is  reccnnmended  that  they  should 

m 


Digitized  by  VjOOQIC 


Vm  LBITEBS  OF  TBANSMITTAL. 

alflo  read  "The  Final  Act— An  Interpretative  Commentary  Thereon,"  prepared  under 
the  direction  of  Dr.  Jamee  Brown  Scott,  reporter  general  of  the  Congress,  and  the  report 
of  the  secretary  general,  piepand  by  the  latter  and  the  aan^imt  secretary  general, 
Dr.  Glen  Levin  Swiggett.  In  these  will  be  found  not  only  the  final  act  and  the 
illuminating  comment  thereon  but  lists  of  delegates,  participating  €k>vemments, 
societies,  educational  institutions,  and  other  oiganizations,  together  with  a  careful 
story  and  history  of  the  Congress.  They  can  be  obtained  by  addressing  the  Director 
General  of  tfae  Fan  American  Union,  Wasiungton,  D.  C. 

In  conclusion,  I  want  to  briefly  repeat,  as  secretary  general  of  the  Congress,  my 
appreciation,  abeady  repressed  in  my  formal  report,  of  the  hearty  cooperation  in 
making  the  Congress  a  success  given  by  everyone  concerned  from  jthe  iVesident  of 
the  United  States,  yoimelf  as  Secretary  of  Sti^,  and  the  delegates  of  Latin  Ameiica 
and  the  United  States,  down  to  the  office  employees.  The  great  interest  manifested 
by  tiie  permanent  executive  committee,  headed  by  Mr.  William  Pfaillipe,  then  Third 
Assistant  Secretary  of  State,  the  Cam^e  Endowment  for  International  Peace  through 
its  secretary.  Dr.  James  Brown  Scott,  and  the  executive  aid  of  Dr.  Glen  Levin  Swig- 
gett, as  assistant  secretary  general,  were  vitally  instrumental  in  making  the  gathering 
memorable.  The  Pan  American  Union,  the  official  international  oiganieation  of  all 
the  American  Republics,  and  whose  governing  board  is  made  up  of  the  Latin  American 
diplomats  in  Washiyigton  and  the  Secretary  of  State  of  tlie  United  States,  lent  the 
feivorable  influence  of  that  poweirful  organization  to  the  success  of  the  Congress  and 
authoriaed  me  as  tiie  director  genend  of  the  Union  to  also  ti^e  up  the  duties  of  secretary 
general  of  the  Congress. 
Yours,  very  truly, 

(Si^Qued)  JOHK  ]BAJUtBTT, 


The  Honorable  The  Secretary  op  State, 

WashingUm,  D,  C. 


8£crt(wy  Gerural, 


WAsmNQTON,  D.  C,  SI  ie  mono  de  1917. 

ExMO.  Snb.:  Em  cumprimento  de'uma  recommenda^  emanada  da  CommissSlo 
Executiva  do  Segundo  Congresso  Scientifico  Pan  Americano,  que  teve  lugar  em 
Washington,  de  27  de.deaonbro  de  1915  a  8  de  Janeiro  de  1916,  e,  devido  ao  auxilio  do 
Congresso  dos  Estadoa  Uiddos  (Lei  para  Or^amentos  extraordinarios  de  8  da  setembro, 
1916)  as  memorias  e  as  discussSes  dessa  assembl^a  scientifica  intemadonal,  foram 
colligidas  e  preparadas  para  publica^SU)  sob  a  profidente  direc^&o  do  Secretario  Geral 
Adjuncto,  Dr.  Glen  Levin  Swiggett.  Este  volume  comprehende  o  rcdatorio  da  sec^&o 
V  que  foi  presidida  pelo  General  W.  H.  Bixby,  da  CommisriU)  Executiva. 

No  men  relatorio  official,  que  j6  tive  a  honra  de  apresentar,  me  detive  sobre  a  impor- 
tancia  do  Segundo  Congresso  Scientaflco  Pan  Americano,  da  sua  grande  concorreocia 
e  da  alta  importanda  das  theses  e  das  discussdes.  Na  presente  nota,  portanto,  de  uma 
maneira  muito  ligeira,  destinada  a  apcesentar  cada  um  dos  vdumes,  eu  farei  apenas 
algumas  referencias  muito  geraee. 

Todas  as  Republicas  do  Hemi^fdierio  Occidental,  vinte  e  uma  em  numero,  se 
achavam  representadas  pcH*  delegados  offidaes  ao  Congresso.  Delegados  sem  nomea- 
9fU>  dos  Govemos,  mas  representando  as  mais  notaveis  sociedades  sciendflcas  e 
institui^Oes  de  ensino  dessas  republicas  apreeentaram  theses  e  tomaram  parte  nas 
d^bera^des.  As  memorias  e  discussOes  devem  ser  conaideradas  portanto,  como  a 
exprees&o  de  um  justificavel  trabalho  sdentifico  Pan  Americano  e  possue,  por  esse 
motivo,  um  valor  sem  egual. 

O  Congreaso  foi  dividido  em  nove  secedes  principaes,  que  a  seguir  enum^,  com 
OS  noBies  doe  seas  prendentes: 

I.  .f^^THBOPOLooiA.    W.  H.  Holmos. 
II.  AsTBONOMiA,  Metbreolooia  e  Sisuolooia.    Robert  S.  Woodward.         t 
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III.  CoVBMRYAglO    DA    RlQ0BZA   NaOIONAL,    AoBICUI/TURA,    IrSIQA^IO    B    SiLVI- 

cwTUiUL.    Gecftge  M.  Rommel. 
IV.  IxsTBUoglo.    P.  P.  ClaxtoH. 
V.  En<»nhama.    W.  H.  %cby. 
VI.  DntBiTo    Intbbnacional,    Dmnro    Publico    b    JxjmsrmuDmncuL.    hanm 

BrowB  Scott. 
VII.  lforA0,  MbxauiUBOIa,  Gbolooia  Pbaoiiqa  b  CmaaeA  Inoumbbull.    Hf  ah 

VIII.  Saitdb  Pubuoa  b  toBKOAB  Mmdkmm.    Wfllkm  C.  GmgM. 

IX.  VlAS  DB  OcOtMITHICApIO,  COMMEBOIO,   FtNAN$AS  B  ImPOBTOB.      L.  6.   ROWB. 

Eetas  secgdM,  por  sea  lado,  eram  BubdividiiBfl  «m  45  aubseegfiee. 

Mais  de  200  delegadoe  das  Bepublicas  da  Asaenca  Latioa  tequentaram  as  eeaiSes 
emquanto  os  Estados  Uaidos  seachavam  reprasemtados  por  mais  do  mil  pessoas.  As 
discussSes  e  os  relatorios  do  CMi^pesso  attiahinBa  a  attea^k)  de  todo  o  mvado  «  ixA 
asm  duvida  a  maior  asaemUea  sciendfica  quo  as  realizon  bo  fieflaiqpheiio  Occidsntd 
e  talvez  em  todo  o  mufldo.  Foi  sesi  duvida  om  idoneo  oontaauador  do  Primeiio  Gon- 
greaso  Scientdfico  Pan- Americano,  quo  se  celd[>zoii  em  Santiago,  capital  da  Repoblioa 
Chilena  em  1908  e  das  anteriores  assembleas  que  previamente  se  tasham  realiaado, 
apenas  com  delegados  da  America  Latina  e  que  se  lOBiiiiam  em  aoiDos  aoterioMs  no 
Rio  de  Janeiro,  Montividea  e  Buenos  Aires.  O  seu  successo  foi  nm  resultado  logieo 
das  reunites  previasna  America  Latina  o  do  cCTGdialconcuisodosGovernos  da  A  mBrifft 
latina  e  doe  sous  homens  de  sciencia. 

A  aquelles  que  nfto  quizerem  limitar-ee  a  consultar  os  volumes  que  contte  as 
memoriae  e  as  discussOee  e  que  deeejarem  conheeer  alguina  oovsa  mais  dos  timfcaUMS 
do  CongresBo  e  dos  reeultadoe  por  elle  akan^ado  se  Ihes  recommenda  a  leitura  da 
Acta  Final— «  eiqxxai^  geral  concemeiite  4  mesma— puWcada  sob  a  divec^  do 
Sr.  Dr.  James  Brown  Scott,  Relator  Geral  do  Con^resso,  e  o  relatorio  do  Seotetario 
(leral,  preparado  pelo  abaixo  assignado  e  pelo  Secretaiio  Geral  Adjuneto  Sr.  Dr. 
Glen  Levin  Swiggett.  Nestes  trabalhos  eneoBlvaiH9o4k&o  nSo  sdmente  a  acta  final 
mas  tambem  um  magnifico  commentario,  a  lista  dos  deiegados  dosGovemoe  que 
adheiiram,  sociedadee,  institui^des  de  ensino  e  outias  corpoia^Oes,  eoguidas  de  uma 
cuidadosa  historia  do  Congreaso.  Eetee  volumes  continuam  i  diBposigfto  dos  que  os 
pedir^m  ao  Director  Geral  da  Unifto  Pan-Americana,  WashingUm,  D.  0. 

£m  concilia^,  eu  desejo  repetir,  em  duas  palavras,  como  Secretario  Geral  do  C<»i- 
gresBo,  o  meu  aprego  e  reconhecimento,  que  jd  tive  ocoaaido  de  exprimir  no  meu 
relatorio  official,  pela  cordial  cooperay^  que  por  todos  me  foi  prestada  para  levar 
a  bom  exito  este  congresso,  desde  o  Fteoidente  dos  Estados  Unidos,  V.  £xa.,  como 
Secretario  d'Estado,  os  Senhores  Deiegados  da  America  Latina  e  dos  Estados  Unidos 
aX6  OS  diveiBos  funccionarios  do  Congreaso.  O  grande  interease  aanifestado  pela 
OommiaB&o  Perman^ate  Executiva  preaidida  pdo  Sr.  William  Phillips,  ao  tempo 
terceiro  Sub-secretario  d'Eetado,  pelo  Instituto  de  Carnegie  para  a  Paa  Intemacional 
na  peaaoa  do  Sr.  Dr.  Jamea  Brown  Scott,  aaaim  como  a  collaborsi$rSU>  preetada  pela  Sr.  Dr. 
Glen  Levin  Swiggett,  como  Secretario  Geral  Adjimcto,  conatituiram  obras  basilares 
para  o  succesao  desta  reuni&o. 

A  Uni&o  Pan-Americana,  institui^^  intemacional  sustentada  por  todas  as  R^u- 
Wcas  Americanas  e  cujo  ConaeUbo  de  Administragilo  6  constituido  peloa  repreeen- 
ta^tea  diplomaticos  em  Washington  e  pelo  Secretario  d'Estado  dos  Estados  Unidos, 
contribuiu  com  a  sua  poderosa  influencia  para  o  bom  exito  do  Congresso  e  me  aucto- 
rizou  a  servir  de  Secretario  Geral  do  Congresso. 

Com  a  maior  consideracSo,  subscrevo-me 

De  V.  Exa., 
Vor.  Mto.  Atto., 
(Asa.)  John  Bak&ett, 

Secretario  Geral. 


Exmo.  Snr.  Secretario  de  Estado, 

Washington,  D.  C. 
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WASHiNOTONy  D.  C,  SI  d€  VMyo  de  1917. 
Sb|}ob: 

En  cumplimiento  de  una  recomendaci6n  emanada  de  la  Oomiai6n  Ejecutiva  del 
Segundo  Congreao  Gientlfico  Panamericano  que  se  reuni6  en  Washington  desde  el 
27  de  diciembre  de  1915  hasta  el  8  de  enero  de  1916  y  giaciae  a  la  cooperaci6n  al  efecto 
proHtada  por  el  OongreBo  de  loe  Estados  XJnidos  mediante  su  ley  sobre  rectificaoi6n  del 
presupuesto  dictada  el  8  de  setiembre  de  1916,  hinee  recopilado  y  preparado  para 
8U  publicaci6n,  bajo  la  hibil  direcci6n  del  Sr.  Dr.  Glen  I^vin  Swiggett,  Subsecretario 
General,  las  memorias  presentadas  a  didio  Oongreso  y  los  debates  a  que  dieron  lugar. 
El  presente  volumen  contiene  el  informe  relativo  a  la  Secci6n  V,  de  la  cual  fu6 
presidente  el  General  W.  H.  Bixby,  miembro  de  la  Comi8i6n  Ejecutiva. 

En  el  infonne  general  que  ya  tuve  el  honor  de  preeentarle,  me  fu^  dable  consideiar 
dotenidamemte  La  importancia  del  Segundo  Congreso  Cientifico  Panamericano,  la 
numerosa  ooncurrencia  que  al  mismo  a8i8ti6  y  el  elevado  m^to  de  las  memorias 
presentadas  y  de  los  debates  que  en  aquel  se  suscitaron.  Por  consiguiente,  he  de 
limitarme  en  la  presente,  de^tinada  a  servirie  de  mera  intruducci6n  a  cada  uno  de  los 
voldmenes,  a  algunas  ccmsideradones  de  car^ter  general. 

En  el  Congreao  estuvieron  representadas  por  medio  de  delegaciones  oficialee  las 
veinte  y  una  repdblicas  del  Hemisferio  Occidental.  Tambi^n  asistieron  al  mismo^ 
tomando  participacidn  en  eus  debates  y  presentando  trabajos  personales,  delegados 
particulares  de  los  principales  cuerpos  cientfficos  y  do  los  institutos  docentes  de  esas 
mismas  repiiblicas.  En  tal  virtud,  las  memorias  y  los  debates  mendonados  deben  ser 
considerados  como  la  expresidn  de  un  amplio  eshierso  dentifico  panamericano, 
encerrando,  por  lo  tanto,  un  valor  inestimable. 

El  Congreso  estuvo  dividido  en  nueve  secdones  prindpales  que  en  seguida  paso  a 
enumerar  junto  con  el  nombre  de  sus  presidentes.    Fueron  las  siguientes: 

I.  AntropolooIa.    W.  H.  Holmes. 

n.  AstbonomIa,  MbtsobolooIa  t  SisMoasAFiA.    Robert  S.  Woodward. 

m.  C0N8BBTACI6n   DB   las    FuBNTBS    NaTDBALBS    DB    RiQUBZA,   AOBIGUi;TnBA» 

iBBieACiiN  T  SBLYicniAiTBA.    GoOTge  M.  Rommel. 

IV.  iNSTBUOGidM.    P.  P.  Claxton. 

V.  iNOBNiBBiA.    W.  H.  Bixby. 

YI.  Dbbboho  Iktbbnacional,  Dbbbcho  Pi^buco  t  Jubispbudbncia.  James 
Brown  Scott. 

YII.  IfiNBBiA,  Mbtaluboia,  GbolooIa  £oon6mioa  t  QuiMiOA  Apucada.  Hen- 
nen  Jennings. 

YIII.  Salubbidab  F6buoa  t  Cibngia  MAdica.    WiUiam  C.  Gorgas. 

IX.  Tbaspobtb,  Combbcio,  Fikanbas  b  Impubstos.    L.  S.  Rowe. 

Estas  secdones  estuvieron  dividas,  a  su  vez,  en  cuarenta  y  cinco  subsecdones. 

De  las  repdblicas  latino-americanas  asistieron  m&B  de  dosdentos  delegados;  en 
tanto  que  las  sesiones  del  Congreso  concunieron  mis  de  mil  personas  de  los  Estados 
Unidos.  Los  trabajos  y  debates  del  cuerpo  despertaron  universal  inters,  pues  indu- 
dablemente  fu6  aquel  la  asamblea  dent(fica  m&B  grande  que  registra  la  historia  del 
Hemisferio  Occidental  y  probablemente  la  del  mundo.  tA  fu6,  en  consecuencia,  digno 
continuador  del  Primer  Congreso  Cientifico  Panamericano  que  en  1910  se  reuni6  en 
la  capital  de  Chile  y  de  los  que  jH^viamente  y  con  una  asistenda  exclusivamente 
latino-americana  se  habfan  congregado  en  Rio  de  Janeiro,  Montevideo  y  Buenos 
Aires.  Su  ^xito  fu6  consecuencia  16gica  de  las  asambleas  que  anteriormente  se  habfan 
reunido  en  la  Am^ca  latina  y  del  cordial  concurso  que  redbi6  de  los  gobiemos  y 
de  los  hombres  de  ciencia  de  esa  miama  parte  de  Am^ca. 

A  cuantos  no  quisieren  limitarse  a  consultar  los  voldmenes  que  contienen  las 
memorias  y  los  debates  y  desearen  conocer  algo  mia  de  las  labores  dd  Congreso  y  de 
los  resultados  por  61  alcanzados,  se  les  recomienda  la  lectura  del  Acta  Final  y  de  U 
Exposici6n  General  concemiente  a  la  misma  que  escribi6  el  Dr.  James  Brown  Scott, 
Informante  General  del  Congreso,  asf  como  el  Informe  del  Secretario  General,  prepa- 
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ndo  par  el  suaciito  y  por  el  Dr.  Glen  Levin  Swiggett,  Subeecreterio  Geneiml  del 
mismo.  En  eetoe  documentoe  podWLn  hallar  no  sdlo  el  Acta  Final  y  luminosM  oonsi- 
denciones  aceica  de  la  miama,  aino  tambi^n  la  ndmina  de  los  del^gadot  y  de  los 
gobiemoB,  Bociedades  e  inetitutoe  docentee  que  tuviecon  ropwsentaci6n  en  la  Aaamblea, 
jnntamente  con  una  leladdn  puntualigada  de  lae  laboree  de  la  miama.  Loeqnedeaeen 
obtener  estoB  voldmenes  pueden  solidtarloB  del  Director  General  de  la  Uni6n  Pan- 
americana  en  W<iihington,  D.  C. 

Gomo  Secretaiio  General  del  Congreso  deeeo  bacer  constar  una  vex  mis,  antes  de 
concluir,  el  agradecimieuto  que  on  mi  informe  general  expree^  por  el  cordial  concureo 
que  de  todos  recibf  para  asegurar  el  6xito  del  Congreso,  desde  el  Preddente  de  los 
EstadoB  XJnidos  y  usted  mismo  como  Secretario  de  Estado  y  desde  los  delegados  de 
la  America  Latina  y  de  los  Estados  Uoidos  basta  los  diversos  f uncionarios  del  Congreso. 
El  gran  inter6i  desplegado  por  la  Comiskki  Permanente  Ejecutiva,  que  presidi6  el 
Sr.  William  Pbillips,  a  la  lazdn  Tcrcer  Subsecretario  de  Estado;  por  la  Fundacidn 
Oamegie  pant  la  Fas  Intemackmal,  por  ei  dfgano  de  su  Secretario,  Dr.  James  Brown 
Scott;  asi  como  la  colaboracidn  del  Dr.  Glen  Levin  Swiggett,  Bubaecretario  General, 
contiibuyeron  poderosamente  a  bacer  memorable  la  asamblea.  La  Unidn  Pan- 
americana,  inatituci6n  intemadonal  sostenida  por  todas  las  repdblicas  de  America  y 
cnyo  Consejo  Directive  est^  formado  por  los  representantes  diplom&ticos  latino-> 
americanos  residentes  en  Washington  y  por  el  Secretario  de  Estado  de  los  Estados 
TJnidos,  contribuy6  con  su  poderosa  influenda  al  6xito  del  Congreso  y  me  aut(»iz6 
paia  que  desempefUuna  las  fundones  de  Secretario  Greneral  de  aqu^l. 

Con  sentimientos  de  la  m&B  alta  consideraddn  me  subscribe 
De  usted  muy  atento  servidory 

John  Babr&tt, 
SteretanoQeneraL 

Al  Honorable  Sxcrstario  ds  Estado, 

WdMngUm,  D.  C, 


Washington,  D.  C,  Z>  SI  max  1917, 

MoNsnun:  Confbnn^ment  k  la  recommandation  du  Comit^  Ex6cutif  du  Second 
Congrte  Sdentifique  PanamMcain  qui  a  eu  Ueu  k  Washington  du  27  d6cembre  1915 
su  8  Janvier  1916,  et  par  la  cooperation  du  Congrte  dee  Etats-XJnis  (Id  du  budget 
eztaordinaire,  8  septembre  1916),  lee  m^oires  et  discusalons  de  cette  grande  reunion 
fldentifique  intemationale  ont  M  recueillis  et  Mit^  pour  6tre  pubU^  sous  Thabile 
direction  dn  docteur  Glen  Levin  Swiggett  sous-secr6taire  g^n^ral.  Ce  volume  contient 
le  rapport  de  la  secticm  V,  dont  M.  le  gdntel  W.  H.  Bizby  du  Comit^  Ex^utif  ^tait 
president. 

Dans  mon  rapport  offidel  qui  a  4iU  d6}k  soumis,  je  me  suis  €tendu  sur  Timportance 
du  Second  Congrte  Sdentifique  Panam^ricain,  sur  le  grand  nombre  de  personnee  qui 
y  etaient  presentee  et  sur  I'excellence  de  ses  m^moires  et  de  ses  discussions.  Cost 
pourqud,  dans  cette  lettre  qui,  apr^  avoir  subi  quelquee  changements  sans  impor« 
tance,  sertd'introduction  k  cbaque  volume,  je  n'en  parierai  que  d'une  mani^re  g^n^rale. 

Toutes  les  r^publiques  de  rH^misph^re  Ocddental  au  nombre  de  vingt-et-une 
^talent  representees  au  Congrte.  De  plus  des,  dei^gu^e  k  titre  offideux  envoy^s 
par  les  assodationB  sdentifiquee  et  les  institutionB  6ducatives  les  plus  en  vue  de  ces 
r^publiques  ont  soumis  dee  m^moires  et  ont  pris  part  aux  deliberations.  On  pent 
done  considerer  les  memoires  et  les  discussions  comme  rexpression  d'un  grand  effort 
sdentifique  panamericain,  possedant  en  consequence  une  valeur  inestimable. 

Le  Congrte  etait  divise  en  neuf  sections  principales  que  nous  enumerons  d-dessous, 
en  donnant  le  nom  de  leurs  presidents. 
f  I.  Antropologie.    W.  H.  Holmes. 

n.  AsTRONOiox,  MinfcoROLOGiB  ET  SiSMOLOOiB.    Robert  S.  Woodward. 
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ET  ForAts.    Geoi^  M.  Rofflmd. 

IV.  iNmwicnoN  Publi<iub.    P.  P.  Ofaoton. 

V.  G*nib  Oira.    W.  H.  Bixby. 

yi.  Dboit  iMTBiorAifONAL,  Dror  Public  bt  JuRiffi^RtTiyBircE.  James  Browp 
Scott. 

VII.  Mines,  M^alluroib,  GioLoaiE  pratique,  bt  Chimib  Afpliqtt^b. 
Hennen  JenninfB. 

VIII.  Banti&  Publique  bt  Scibnoe  M^dicalb.    Williftm  0.  Gorgas. 

IX.  Transport,  Oommbrcb,  Finance  bt  Imp6t.    L.  8.  Rows. 

A  leur  tour  ces  sections  ^talent  subdivis^  en  quarante-cinq-sons-sections. 

On  y  comptait  plus  de  deux  cents  d^4gu^  des  r^ubliques  latino-am^caines,  et 
plus  de  miHe  d^^^6s  des  Etats-Unis  ont  assist^  aux  reunions.  Lea  discussions  et 
les  proc^-verbaux  du  Congr^  ont  attir^  Tattention  du  monde  entier,  et  ii  a  ^t^  sans 
le  moindre  douto  la  plus  grande  assemble  scienttfique  Internationale  de  I'histoire 
de  PH^misph^re  Occidental,  et  peut-^tre  in#me  du  monde  entier,  qui  se  soit  r^unie  jus- 
qu4ci.  Tenant  apr^  le  Premier  Oongr^  ficientifique  P&nam^ricain  qui  s'est  r^uni  k 
Santiago,  capitale  du  Chili,  en  1908,  et  apr^  ceux  qui  ont  eu  lieu  pr^c^demment,  respec- 
tive ment  k  Rio  de  Janeiro,  k  Montevideo  et  k  Buenoe-A3rres,  ces  demiere  n'ayant  que 
des  repr^ntants  de  I'Am^rique  Latine,  il  s'est  montr6  leur  digne  succeeeeur.  Sa  r6us- 
site  a  6t6  un  logique  r^sultat  de  ces  pr^cMents  concours  dans  TAm^rique  Latine  et  de 
la  sinc^  et  cordiale  cooperation  des  gouvemements  et  des  hommes  de  science  de 
I'Am^rique  Latine. 

Pour  ceux  qui  n'ont  port6  leur  attention  que  sur  les  vdumes  renfennant  les  m^moir^ 
et  les  discussions,  et  qui  d^reraient  connattre  d'une  manike  plus  approfondie  les 
actes  et  proc^-verbaux  du  Congr^,  ainsi  que  les  r^sultats  qui  s'en  sont  suivis,  je  leur 
conseillerai  de  lire  "L'acte  Final,  Oommentaire  expKcatif,"  r6dig6  sous  la  direction 
du  docteur  James  Brown  Scott,  rapporteur  g^n^ral  du  Congr^,  et  le  rapport  du  Secre- 
taire General  r^dig^  par  ce  dernier  et  le  docteur  Glen  Levin  Swiggett.  En  les  lisant 
on  n'y  trouvera  pas  seulement  I'Acte  Final  et  le  conmientaire  explicatif,  mais  encore 
les  listes  des  d^l^gu^s,  des  gouvemements  qui  ont  particip^  au  Congr^,  des  soci^t^s, 
des  institutions  ^ducatives  et  autres,  en  mdme  temps  qu'un  onnpte  rendu  soigii6 
ainsi  que  Thistoire  du  Congr^.  On  peut  se  les  procurer  en  faisant  une  demande  par 
toit  au  DiiecteJ4i  G^n^ial  de  TUnion  Panam^ricaine  k  Washington,  D.  C. 

En  terminant,  je  vab  en  quality  de  Secretaire  General  du  Congr^  expriia«r  4e 
nouveau  en  peu  de  mots  mes  remerctments,  ce  que  j'ai  dej^  fait  dans  mon  rapport 
offidel  pour  la  part  que  chacun  a  eue  dans  la  reussite  du  Gongr^^  depuis  le  President 
4e8  i^tats-Unis,  vous  comme  Secretaire  d'etat,  les  deiigues  de  TAmerique  Latine  ef. 
ceux  des  £tats-XJnis  jusqu'aux  employes  de  bureau.  Le  haut  interdt  manifeste  p^r 
le  Comite  Executifpermanent  preside  par  M.  William  Phillips,  qui  etait  alors  troisi^e 
Sous-Secretaire  d'Etat,  par  la  Fondation  Carnegie  pour  la  Paix  Internationale,  par 
Fentremise  de  son  secretaire  le  docteur  James  Brown  Scott,  et  Taide  prdte  dans  Pexe- 
cutionparle  docteur  Glen  Levin  Swiggett,  comme  sous-secretaire  general,  ont  puisaam- 
ment  contribu^  k  faire  de  ce  Congr^s  un  evenement  memorable.  L'Union  Panamerir 
caine,  administration  officielle  Internationale  de  tout^  les  republiques  americaines, 
et  dont  le  Comite  d' Administration  est  compose  des  diplomates  latino-americains  k 
Washington  et  du  Secretaire  d'Etat  des  £tats-UI^8,  a  use  de  sa  favorable  influence  pour 
assurer  le  succ^  du  Congr^  et  m'a  autorise,  en  qualite  de  Directeur  General  de 
rUnion,  k  prendre  en  mains  les  responsabilites  de  Secretaire  General  du  Congr^. 

Veuillez  agreer,  M.  le  Secretaire  d'etat,  en  m^toie  tenq)s  que  mes  respectueux 
hommages)'assurance  de  mon  entier  devoiiment. 

John  Barrett, 

Secritaire  Gtnhul, 
Monsieur  le  Secr^aire  d'Etat, 

Wa$hington,  Z>.  C. 
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FOREWORD. 

The  papers  and  meetings  of  the  engineering  section  brought  out 
plainly  and  forcibly  the  possibility  and  great  desirability  of  a  better 
and  more  extensive  acquaintance  between  the  engineers  of  America, 
and  of  a  full  standardization  of  engineering  methods,  machinery,  and 
apparatus. 

It  is  hoped  that  the  day  will  soon  arrive  when  travel  and  trans- 
portation by  land,  as  well  as  by  sea,  will  be  easy,  quick,  and  com- 
paratively economical  from  Alaska  to  all  parts  of  the  Atlantic  and 
Pacific  shores  of  South  America,  and  that  manufactures  and  lines  of 
communication  will  make  equal  progress,  so  that  each  section  of 
America  will  be  able  to  assist  generously  in  contributing  to  the 
general  welfare  of  the  American  world. 

The  chairman  of  the  engineering  section  realizes  that  the  success 
of  this  section's  work  was  largely  due  to  the  willing  and  hearty 
assistance  which  he  received  from  all  members,  and  especially  from 
the  writers  of  papers:  and  he  feek  that  the  engineering  papers  will 

valuable  to  their  future  readers. 

William  H.  Bixby,  Chmrvum. 
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AIAfS  AND  PURPOSES. 

The  congreeSy  in  accordance  with  its  high  aims  and  purposes — 
namely,  to  increase  the  knowledge  of  things  American,  to  disseminate 
and  to  make  the  culture  of  each  American  country  the  heritage  of 
all  American  Republics,  to  further  the  advancement  of  science  by 
disinterested  cooperation,  to  promote  industry,  inter-A^nerican  trade 
and  commerce,  and  to  devise  the  ways  and  means  of  mutual  helpful- 
ness in  these  and  in  other  respects — considered  the  following  general 
program  of  subjects,  divided  into  appropriate  sections  and  sub* 
sections. 

SECTION  Y.-BNQ1NBBBINQ. 
CIVIL  ENOINBEBINO. 

Engineering  work  in  general. 

Mountain  railroad  transportation  development;  uniform  gauge  for 
railways  throughout  North,  Central,  and  South  America;  public 
roads,  highways,  streets,  and  pavements. 

Improvement  of  river  mouths;  devdopment  of  river  navigation; 
open-channel  work;  canals;  bridges,  long-span,  bascule,  vertical,  lift, 
fixed  submergible;  harbor  and  port  terminals,  including  piers  and 
quays  on  deep-water  fronts. 

Concrete  under  exposure  in  salt  and  fresh  waters;  soils  as  regards 
pressures  thereon;  and  protection  of  sandy  seacoast  shores  against 
erosion. 

MARINE  EKGINEBBINa. 

Coast  guards,  lighthouses,  light  vessels,  fog  signals,  buoys;  govern- 
mental and  merchant  marine;  shallow-draft  boats  and  barges;  includ- 
ing hydroplanes  for  frei^t  and  passenger  service. 

AERONAUTICS. 

Airships  to  join  Pan  American  States. 

ELECTRICAL  ENOIKBERING. 

Electrical  codes  and  standards,  including  acceptance  tests  of 
electrical  apparatus,  electric  current  and  flow,  calculation  and  con- 
struction of  electric-transmission  lines,  electrification  of  transportation 
lines,  aluminum  conductors,  and  undergroimd  cables. 
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Hydrodectiic  utilization  of  waterfalls. 
Electrochemical  and  industrial  applications  of  electricity. 
Recent  telegraphic  and  tdephonic  developments,  including  radio- 
telegraphj. 

BECLAMATION,    SANTIATION,   AND   THE   SUPPLY   AND   USB   OP   WATER. 

Governmental  and  private  reclamation  work  in  Kotth  «td  South 
America,  irrigation  and  drainage,  including  the  use  of  irrigation 
waters  as  sources  of  power,  sanitary  engineering,  including  sewage, 
street  cleaning  and  refuse  disposal,  mimicipal  water  supply,  laws 
governing  ud6  of  nlnning  water  and  waterfaOs,  and  the(  constrtiction 
work  and  present  status  of  water  powerri  in  North  and  South  America. 

MBOHANIOAL  ENOINEEBING. 

The  gyroscope  applied  to  aerial  and  water  navigation;  chrono- 
eydegraph  motion-recording  devices;  agricultural  implements  and 
machinery;  overhead  conveyors  or  transporters  in  port  terminals  and 
warehouses;  and  the  economy  of  steam-power  plants,  using  Pan 
American  fuels. 

KOMBNOLATUBE,  STANDARDS,  SURVETS,  BUIIDINO,  MATHEHATIOS,  AND 

MISCELLANEOUS. 

Engineering  nomenclature;  governmental  Bureau  of  Standards; 
governmental  aiid  ptiyhte  geodetical,  gciogra^hic,  hydrog:^aphic,  Hhd 
geological  work. 

Grovemmental  work  oi  public  buildings  and  groimds  in  the  ttnited 
£tat^  of  Am^ca;  nelw  properties  of  involution  of  conic  86ctioh^; 
new  methods  of  diagonal  notation. 

BESOLUnONS  AND  BBCOMMENDATIONS. 

The  Second  Pan  American  Scientific  Congress  considered  and  dis- 
cussed the  subjects  set  forth  in  its  program  in  the  light  of  an  intel- 
lectual Pan  Americanism  in  a  series  of  meetings  from  December  27, 
1915,  to  Januarjr  8,  1916,  and  adopted  resolutions  and  recommenda- 
tions pertinent  to  the  nine  main  sections  of  the  congress. 

The  following  recommendations  refer  to  Section  V: 

Article  5. 

The  Second  Pan  American  Scientific  Congress  recommends  that 
proper  steps  and  measures  be  taken  to  bring  about  in  the  American 
Republics  a  general  use  of  the  metric  system  of  weights  and  measures, 
in  the  press,  magazines,  newspapers,  and  periodicals,  in  educationiU 
and  scientific  work,  in  the  industries,  in  conmierce,  in  transportation, 
and  in  all  the  activities  of  the  different  Governments. 
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Abtioub  7. 

The  Second  Pan  American  Scientific  Congress  recommends  that 
there  be  appointed  an  international  Pan  American  committee  to 
study  and  report  upon  the  question  of  establishing  such  a  uniform 
railway  gauge  as  will  best  serve  the  countries'  interest,  their  inter- 
national commimicatioU;  and  the  commimication  between  all  the 
coimtries  of  America. 

Abuglb  8. 

Th^  Second  Pan  American  Scientific  Congress  recommends  the 
appointment  of  an  American  committee  on  radio  communication  to 
assist  in  the  development  of  the  science  and  art  of  radio  communica- 
tion, to  the  end  that  it  may  serve  to  convey  intelligence  over  long 
distances  and  between  ships  at  sea  more  quickly  and  accurately,  and 
to  bring  into  closer  contact  all  of  the  American  Republics. 

AsncLB  20. 

The  Second  Pan  American  Scientific  Congress  suggests  that  the 
presidents  of  the  leading  architectural  societies  of  this  hemisphere 
shall  be  requested  to  communicate  with  one  another  for  the  purpose 
of  forming  a  Pan  American  federation  of  architectural  societies. 
Such  federation  should  hold  conferences  in  different  countries  at 
stated  periods. 
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Ealeioh  Hotel, 
Tuesday  morning,  December  28, 1916. 

Honorary  Chairman,  Jos£  Ram6n  Villal6k. 
Chairman,  W.  H.  Bdcbt. 

The  session  was  called  to  order  at  9.30  o'clock  by  Chairman  Bixby, 
who  explained  at  length  the  character  of  the  work  to  be  accomplished 
by  the  several  subdivisions  of  Section  V  and  introduced  to  the 
audience  the  presiding  officers  of  the  different  subsections.  The  chair- 
man referred  also  in  detail  to  the  arrangements  that  were  made  for 
inspection  by  the  delegates  of  places  of  interest  to  engineers  not  only 
in  Washington  but  in  New  York  and  other  cities  of  the  United  States. 
The  officers  of  the  subsections,  many  of  whom  were  officiak  in  the 
various  Federal  departmental  bureaus  of  the  United  States,  invited 
all  delegates,  especially  those  from  Central  and  South  America,  to 
visit  these  bureaus  and  to  call  upon  the  heads  of  the  same  for  any 
information  which  might  be  desired  by  the  visiting  delegates. 

The  departmental  exhibits,  considered  of  special  interest  to  visiting 
delegates,  included  apparatus  for  standard  and  precise  measure- 
ments of  every  sort  and  kind  at  the  United  States  Bureau  of  Stand- 
ards; instruments  for  geodetic,  magnetic,  geological,  and  hydro- 
graphic  surveys  and  for  predicting  tidal  movements  at  the  United 
States  Coast  and  Geodetic  Survey  Office  and  United  States  Geo- 
logical Survey  Office;  apparatus  for  roadway  construction  and  main- 
tenance at  the  United  States  Bureau  of  Roads;  wind  tunnels  and 
water-flow  basins  for  determining  air  and  water  resistance  to  moving 
craft  at  the  United  States  Navy  Yard;  apparatus  and  models  of 
modem  lighthouse  service  at  the  United  States  Lighthouse  Bureau; 
and  models  of  battleships  and  naval  craft  at  the  United  States  Navy 
Department. 

The  visiting  delegates  were  reminded  that  United  States  engineer- 
ing section  membership  will  be  glad  to  continue  through  future 
years  the  extension  of  engineering  facilities  offered  at  this  congress 
to  those  present.  Calvin  W.  Rice,  secretary  of  the  United  States 
Society  of  Mechanical  Engineers,  and  representing  also  the  other 
engineering  societies  whose  headquarters  are  at  29  West  Thirty- 
ninth  Street,  New  York  City — civil,  electrical,  mining,  naval — 
stated  for  all  these  societies  that  their  offices  and  society  rooms  would 
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be  forever  open  to  Latin  American  engineers,  seeking,  either  in 
person  or  by  letter,  information  as  to  North  American  engineering 
mahufacturies,  materials,  and  facilities,  or  seeking  to  extend  their 
acquaintance  among  engineering  individuals,  corporations,  societies, 
colleges,  universities,  or  libraries.  Dr.  Brashear,  a  past  president  of 
the  Society  of  Mechanical  Engineers,  being  present,  confirmed  the 
statements  of  the  chairman  and  Mr.  Rice.  Representatives  of  some 
of  the  North  American  engineering  magazines  and  journals  also 
explained  that  there  were  many  of  these  periodicals  that  would 
translate  into  E^lish  and  publish  in  their  papers,  free  of  cost  to  the 
writer,  such  descriptions  of  water,  steam,  gas,  or  electrical  methods 
or  apparatus  or  constructions  for  agricultural,  mimicipal,  mining, 
or  power  purposes,  as  they  might  consider  to  be  of  general  interest 
to  the  engineering  public,  and  that  the  engineering  societies  above 
referred  to  would  gladly  assist  in  bringing  about  such  publishing 
arrangements. 

The  honorary  chairman  was  then  introduced  by  Chairman  Bixby 
as  follows: 

By  the  authority  ci  Secretary  Phillips,  third  Aasistant  Secretary  of  State,  we  have 
been  authorized  to  deaignate  as  honorary  chairman  of  Section  V,  Engineering,  Sefior 
Job6  Rain6n  Villal6n,  secretary  of  public  works  in  Habana,  Cuba,  professor  of  the 
School  of  Engineers  at  the  National  Univeraity,  and  colonel  of  the  army.  It  is 
needless  to  say  he  is  perfectly  at  home  in  his  own  and  in  the  English  language. 

The  honorary  chairman  replied  as  follows: 

I  appreciate  and  feel  highly  honored  by  the  distinction  bestowed  upon  me.  It  is 
indeed  a  great  honor  to  have  received  the  appointment,  and  I  want  to  say  that  if  in 
the  course  of  our  meetings  here  I  am  called  upon  to  perform  any  duty,  I  will  not  only 
perform  it,  but  wiU  try  to  live  up  to  the  honor  conferred  upon  me.  I  b^  to  say,  in 
the  name  of  all  the  delegates  from  Latin  America,  that  we  appreciate  hi^y  the 
courtesy  extended  through  Mr.  Rice.  The  relations  are  becoming  miate  intimate 
every  day  between  the  different  countries  of  the  Americas.  This  country  is  emi- 
nentiy  a  manufacturing  one.  The  Latin  American  countries  produce  or  possess 
many  unknown  natural  resources.  We  are  in  a  ixmtion,  therefore,  in  accepting  the 
invitation  extended  to  us  for  the  examination  of  all  the  manufacturing  and  construct- 
ing enterprises  of  this  country,  to  furnish  any  inf<»rmation  whatsoever  that  may  be 
required  from  us  in  respect  to  these  natural  resources,  so  that  the  northern  people 
may  be  able,  with  great  inventive  genius,  to  utilize  our  natural  resources  by  turning 
them  into  manufactured  products  for  the  good  of  all.    I  thank  you  very  much. 

Chairman  Bixby  concluded  the  session  with  the  following  words: 

Before  adjournment,  I  wish  to  state,  as  chairman  of  Section  V,  speaking  tor  the 
section  and  for  the  congress,  that  the  United  States  extends  to  Latin  America  the 
wannest  expression  ci  good  will  and  feeling.  We  wish  to  convey  to  the  Latin 
Americans  the  feeling  that  we  desire  to  establish  and  keep  up  this  engineering  ac- 
quaintance, personally  while  they  are  in  this  country,  and  by  aurespondence 
afterwards. 

There  being  apparently  no  other  matter  that  anyone  desired  to 
bring  up,  the  meeting  adjourned  at  11.30  o'clock. 
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SESSION  OP  SUBSECTION  1  OP  SECTION  V. 

Raleigh  Hotel, 
Tuesday  afternoon,  December  £8, 1916. 

Chairman,  E.  L.  Cobthell. 

The  session  was  called  to  order  at  2.45  o'clock  by  the  chairman. 
The  following  papers  were  presented: 

Engineering  and  scientific  work  of  the  United  States  Office  of 
Public  Roads  and  Rural  Engineering,  by  Logan  Waller  Page. 

Public  roads  in  the  United  States,  by  J.  E.  Pennybacker. 

City  streets  and  pavements,  by  George  W.  Tillson. 

Highways  and  streets  in  Bogota,  by  A.  Manrique  Martin. 

Highways  in  Ecuador,  by  Francisco  Manrique. 

ENGINEERING  AND  SCIENTIFIC  WORK  OF  THE  UNITED  STATES  (MFICE 
OF  PUBUC  ROADS  AND  RURAL  ENGINEERING. 

By  LOGAN  WALLER  PAGE, 
Director  Office  of  Public  Roade  and  Rural  Engineering ^  United  States  Department  of 

Agriculture. 

INTBODUCriON. 

In  our  cities  the  great  concoitration  of  population  and  wealtli  makes  it  comparatively 
easy  for  the  inhabitants  to  secure  manifold  conveniences  uid  advantages,  either 
through  the  action  of  their  municipalities,  or  t^nough  corporate  and  individual  efforts 
prompted  by  the  prospect  of  financial  gun.  In  the  rural  sections,  however,  con- 
ditions in  general  are  far  different.  The  extreme  localization  of  governmental  func- 
tions, the  midtiplicity  of  officials,  and  the  lack  of  adequate  revenues  make  concerted 
effort  toward  public  improvements  very  difficidt.  The  remote  possibility  of  adequate 
financial  returns  deters  private  capital  from  undetaking  the  development  of  puWc 
and  private  utilities.  In  consequence  of  this  lack  or  competent  initiative  and  direc- 
ti<m,  public  uid  private  enterprises,  such  as  the  construction  and  care  of  highways, 
the  irrigation  and  drainage  of  farm  lands,  the  development  of  adequate  farm  buildings 
and  equipment,  the  utilization  of  farm  water  supply,  and  other  projects  involving 
engineering  and  mechanical  principles,  have  awaited  the  advice  and  guidance  of  the 
State  or  Federal  Governments.  Manifestly  the  establishment  and  operation  of  some 
agency  along  these  lines  through  which  liie  Federal  Government  could  give  to  the 
pec^le  in  rural  sec(i<m8  thioughout  the  United  States  the  benefit  of  the  beet  available 
knowledge  and  the  highest  order  of  technical  advice  and  supervision,  would  fill  the 
existing  need  to  excellent  advuitage.  Congress  rdcognized  this  need,  and  to  a  certain 
degree  met  it  by  establishing,  as  far  back  as  1893,  the  Office  of  Road  Inquiry  in  the  De- 
partment of  A^culture,  and,  a  number  of  years  later,  also  in  the  same  department, 
the  Divisions  of  Irrigation  Investigations  and  Drainage  Investigations. 
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The  Office  of  Road  Inquiry  was  estd[>li8hed  for  the  purpose  of  mvMttgatingfyBtoiDa 
oi  road  nuLDagement  and  the  beat  methods  of  road  making,  and  to  give  to  the  pobltc 
infonnati<m  and  advice  on  these  subjects.  During  the  20  yean  following  the  estab- 
lishment of  the  Road  Office  these  duties  were  gradually  extended  and  broadened,  so 
as  to  include  the  physical  and  chemical  testing  of  road  materials  uid  Hie  conducting 
of  field  experiments.  In  1912,  under  the  Post  Office  appropriation  bill,  Gcttgrsss 
placed  the  omstniction  and  improvement  of  certain  post  roads  under  the  super- 
vision of  this  office. 

The  agricultural  appropriation  act  passed  by  Ckmgress  in  the  fiscal  year  ended 
June  30,  1915,  authorized  and  directed  the  Secretary  of  Agriculture  to  prepare  and 
submit  in  the  estimates  for  1916  a  plan  for  reoarganlKing  and  systematising  the  work 
of  the  Department  of  Agriculture.  In  accordance  with  this  instruction,  the  Secretary 
submitted  a  plan  of  reorganization  which  was  approved  by  Congress  uid  became 
efifective  July  1, 1915.  Under  liiis  plan  the  Office  of  Public  Roads  became  the  Office  of 
Public  Roads  and  Rural  Engineering  and,  as  the  name  suggests,  took  diarge  of  all  thai 
part  of  the  department's  agricultural  work  whidi  partook  in  any  way  of  ui  engineer- 
ing nature.  Thus,  naturally,  the  Divisions  of  Drainage  and  Inigation  Investigations 
were  tiansfened  from  the  Office  of  Experiment  Stations  to  this  new  engineering  branch 
as  was  also  the  farm  architectural  work,  which  had  been  conducted  by  the  Office 
of  Farm  Management  Investigations. 

EDUCATIONAL  WORK. 

The  work  of  the  office  as  now  organized  may  be  grouped  conveniently  into  two 
general  classes:  (1)  Educational  or  extension  and  (2)  investigational  or  research.  The 
educational  work  is  conducted  in  four  stages: 

First,  reaching  the  people  by  means  of  lectures,  addresses,  the  publication  of  bulle- 
tins, the  exhibit  of  models,  etc.,  and  teaching  them  the  economic  value  of  imj^oved 
roads  and  the  efficiency  of  various  types;  the  need  for  better  land  drainage  and  the 
best  methods;  the  practice  uid  importance  of  him  irrigation,  which  should  be  at 
once  practical  uid  scientific;  the  meaning  and  possibility  of  modem  oonvenienoei 
not  only  for  the  farm,  but  for  the  farm  home;  and  the  intelligent  utilization  of  ton 
equipment  and  machinery. 

Second,  the  giving  of  special  advice  and  assistanoe  where  the  problem  to  be  solved 
necessarily  invdves  a  knowledge  of  community  and  cooperative  administration  and 
of  methods  for  planning  and  financing  the  work,  such  as  a  system  of  better  roads  or 
the  irrigation  or  drainage  of  a  district.  At  this  stage,  since  the  questions  ase  specific 
rather  than  general,  the  lecturer  gives  way  to  the  engineer. 

The  third  step  includes  ui  actual  demonstration  of  construction  under  Grovetnment 
supervision.  In  fact,  the  office  becomes  practically  a  sduxd  in  regard  to  certain 
concrete  subjects,  such  as  road  construction  and  the  proper  methods  of  irrigation  or 
land  drainage. 

In  the  fourth  step  the  educational  work  of  the  office  deals  with  the  future  in  so  far 
as  it  means  maintenance.  In  other  words,  in  order  that  the  communities  may  realize 
the  fullest  returns'  from  their  investment,  the  people  are  shown  how  to  care  ade- 
quately for  their  public  roads  or  thdr  irrigation  and  drainage  systems  after  they  aoe 
constructed. 

&E8BARCH  WORK. 

Fully  as  important  as  its  educational  work,  however,  is  the  research  and  experi- 
mental work  of  the  office.  This  has  become  exceedingly  varied  by  reason  of  the 
many  problems  not  only  in  road  construction  and  maintenance  to  whidi  modem 
traffic  conditions  have  given  rise,  but  in  connection  with  the  drainage  and  irrigation 
of  agricultural  lands  and  in  the  development  of  the  various  stmctures,  appliances, 
and  equipment  for  adequately  conducting  farm  operations.    Reasonable  coordina- 
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tion  between  the  investigations  conducted  in  the  laboratories  and  in  the  field  is 
sought  constantly,  and  the  laboratories  have  been  specially  equipped  to  further  this 
object. 

In  the  working  out  of  such  of  these  problems  as  concern  the  construction  and  main- 
tenance of  roads  Congress  has  made  a  special  appropriation  for  field  experiments, 
and  during  the  past  three  years  test  roads  have  been  constructed  in  the  vicinity  of 
Washington.  These  roads  demonstrate  the  use,  according  to  various  methods,  of  a 
large  number  of  materials,  including  oils,  asphalts,  tars,  concrete,  brick,  crushed 
stcme,  and  gravel.  The  results  of  these  field  experiments  are  recorded  carefully  and 
a  progress  report  issued  annually.  Every  material  which  is  used  in  the  field  experi- 
ments is  tested  carefully,  analyzed,  and  studied  in  the  laboratories,  so  that  the  fullest 
correlation  is  obtained.  Merely  as  typical  examples  of  results  which  have  been  ob- 
tained in  this  research  field,  I  might  mention  the  establishment  of  standard  tests  for 
a  number  of  road  materials,  including  bituminous  road  binders  and  dust  layers  and 
the  discovery  and  development  of  oil-mixed  concrete. 

ORGANIZATION  OF  THB  OFFICE. 

In  order  to  render  its  work  most  effective,  the  office  is  organized  into  nine  divisions, 
one  of  which  deals  entirely  with  the  administrative  work  of  the  office.  The  other 
eight  divisions  are  as  follows: 

I.  Division  of  Road  Construction. 

Among  projects  within  the  province  of  this  division  may  be  mentioned  the  following  : 

1.  Object-lesson  roads,  which  are  built  for  the  purpose  of  teaching  local  road  officials 
the  proper  method  of  road  construction.  All  materials,  labor,  and  teams  are  supplied 
locally,  while  the  Office  of  Public  Roads  and  Rural  Engineering  furnishes  the  services 
of  an  engineer. 

2.  The  county  model  system  project,  which  involves  the  assignment  of  an  engineer 
to  a  county  to  make  all  necessary  preliminary  investigations  for  the  purpose  of  devising 
a  plan  for  the  administration,  construction,  and  maintenance  of  a  county  system  of 
highways. 

3.  Bridge  and  culvert  work,  which  consists  of  the  preparation  of  typical  or  standard 
designs,  which  will  be  furnished  where  suitable,  upon  application  from  any  particular 
locality.  Special  designs  are  prepared  for  localities  where  typical  designs  can  not  be 
used.  Occasionally  designs  prepared  by  bridge  companies  are  checked,  and  reviewed 
for  local  officials.  In  addition,  inspections  of  bridges  are  made  in  conjunction  with 
local  officials  and  advice  given  as  to  the  kind  of  bridges  and  culverts  best  suited  for 
local  use. 

4.  The  superintendence  of  county  roads.  This  involves  the  assignment  of  an  en- 
gineer to  superintend  the  road  work  of  the  county  requesting  this  aid.  The  engineer 
assigned  makes  a  thorough  study  of  the  county  road  conditions,  with  recommendations 
for  improved  methods  of  administration,  construction,  and  maintenance  by  the 
properly  authorized  road  officials. 

6.  The  road  surveys  project  contemplates  extending  aid  to  local  communities  by 
providing  engineering  assistance  for  nujcing  surveys. 

6.  The  post-roads  project.  The  post-office  appropriation  act  of  August  24,  1912, 
appropriated  $500,000  for  improving,  under  the  direction  of  the  Secretary  of  Agricul- 
ture, such  roads  as  mjght  be  selected  jointly  by  the  Postmaster  General  and  the  Sec- 
retary of  Agriculture.  After  the  roads  were  selected  the  Secretary  of  Agriculture 
placed  them  under  the  immediate  supervision  of  the  Office  of  Public  Roads  and  Rural 
Engineering.  The  work  under  this  project  comprises  sections  of  17  post  roads  located 
in  13  of  the  States.  Sixteen  of  these  roads  were  practically  completed  during  the  past 
construction  season. 
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7.  Field  experiments  in  road  construction  are  conducted  with  a  view  to  ascertaining 
the  relative  merits  of  various  road  materials  in  actual  service  so  that  the  public  may 
benefit  by  the  knowledge  thus  obtained. 

8.  Under  the  project  of  inspection  and  advice  an  engineer  is  assigned  to  a  locality 
for  the  purpose  of  malring  a  thorough  study  of  all  the  road-building  conditions,  which 
involve  materials,  methods  of  construction  and  maintenance,  traffic  requirements, 
and  systems  of  finance  and  management.  He  then  advises  with  local  officials  as  to 
the  Idnd  or  character  of  improvements  which  should  be  adopted.  Special  advice 
also  is  given  concerning  isolated  problems  that  frequently  exist  in  connection  with  the 
road  work  of  particular  localities. 

II.  Division  of  Road  Maintbnancb. 

Conservation  of  the  enormous  expenditure  of  public  funds  in  road  construction  has 
become  so  important  and  the  failure  of  local  officials  to  provide  properly  for  the  neces- 
sary road  maintenance  is  ao  general  that  there  has  been  a  great  demand  on  the  office  for 
assistance  in  this  direction.  Consequently  a  Division  of  Road  Maintenance  was  cre- 
ated under  date  of  February  16, 1914. 

This  division  aims  to  become  a  clearing  house  for  information  regarding  the  details 
of  maintenance  work,  its  cost,  methods,  and  results.  To  this  end  studies  are  being 
made  in  States  having  well  organized  highway  commissions  and  in  selected  counties 
where  funds  are  sufficient  to  finance  an  advanced  and  efficient  highway  system. 

To  give  a  practical  demonstration  of  maintenance  in  counties  having  improved 
roads  of  the  conmioner  types,  such  as  earth,  sand-clay,  and  gravel,  organized  main- 
tenance is  being  conducted  along  about  800  miles  of  a  through  route  from  Washington, 
D.  C,  to  Atlanta,  Ga.  Engineers  furnished  by  the  office  for  this  work  make  frequent 
inspections  of  the  different  sections  now  under  maintenance  by  the  patrol  or  gang 
system,  and  give  directions  for  conducting  the  work.  The  various  counties  cooper- 
ating in  this  work  provide  the  necessary  funds,  except  for  engineer's  salaries  and 
expenses. 

Certain  of  the  poet  roads  improved  under  supervisbn  of  this  office  are  being  used, 
as  completed,  to  secure  maintenance  cost  data  representative  of  the  locality.  The 
work  is  being  conducted  in  cooperation  with  the  States. 

If  the  greatest  benefit  is  to  be  derived  from  the  experimental  road  work  conducted 
by  the  office,  it  is  essential  to  insure  the  continuous  maintenance  of  these  roads  and 
to  obtain  very  accurate  cost  data  and  traffic  records.  This  work  therefore  is  being 
conducted  by  the  Maintenance  Division  as  a  major  project  So  far  very  valuable 
and  original  results  have  been  secured  and  it  is  expected  that  the  final  conclusions 
will  establish  the  comparative  economy  of  several  important  types  of  road  with  refer- 
ence to  the  traffic  handled. 

III.  Division  of  National  Park  and  Forest  Roads. 

This  division  was  created  on  February  16, 1914.  It  has  charge  of  certain  road  work 
to  be  done  in  the  national  parks,  in  cooperation  with  the  Department  of  the  Interior, 
and  of  road  work  to  be  done  in  some  of  the  national  forests,  in  cooperation  with  the 
Forest  Service  of  the  Department  of  Agriciilture.  Congress  has  provided  that  10  per 
cent  of  the  receipts  of  the  Forest  Service  shall  be  expended  in  constructing  roads  and 
trails  within  the  national  forests.  Already  roads  have  been  surveyed  and  construc- 
tion is  well  under  way  in  certain  of  the  parks  and  forests,  whereby  Americans  may 
now  view  with  ease  some  of  America's  scenery  never  before  accessible  to  the  motor 
tomist. 

IV.  DnriBiON  of  Road  Economics. 

The  woric  of  this  division  comprises  general  statistical  uid  research  investigations, 
embodying  the  collection  of  data  to  ehow  national  progress  in  road  construction  and 
maintenance,  including  pertinent  laws,  appropriations,  costs,  mileage,  i^ensLons, 
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and  types.  Uader  this  project  work  is  under  way  at  the  present  time  to  secure  a 
census  of  road  mileage,  revenues,  and  expenditures  throu^out  the  United  States , 
in  accordance  with  the  previous  practice  of  making  such  a  census  at  five-year  intervals. 

Investigations  begun  in  1910  to  determine  as  accurately  as  possible  the  eponomic 
results  of  road  improvement  on  the  prosperity  and  development  of  the  country  have 
been  completed  and  the  results  are  now  being  prepared  for  publication.  Studies  are 
under  way  to  obtain  comprehensive  insight  into  the  methods  of  management,  con- 
struction, and  maintenance  of  roads  under  local  control,  and  also  into  the  ozganizatlMi, 
methods  of  operation,  and  results  accomplished  by  the  various  State  highway  depart- 
ments. An  exhaustive  study  of  the  employment  of  convict  labor  in  road  work  has 
just  been  completed.  The  conclusions  drawn  from  this  study  are  now  being  given  a 
practical  test  in  an  experimental  camp  in  Fulton  County,  Ga.  In  addition  to  the 
foregoing  economic  investigations  similar  studies  are  made  along  the  post  roads  con- 
structed in  cooperation  with  the  Post  Office  Department  in  order  to  obtain  the  infor- 
mation cafled  for  in  the  appropriation  act  which  caused  their  construction.  A  traffic 
census  is  taken  at  regular  intervab  on  the  post  roads  and  on  the  experimental  roads. 

This  division  also  has  general  charge  of  the  lecture  work  of  the  office.  Lecturers 
are  assigned  only  upon  request  and  then  only  when  assured  that  the  meeting  has  been 
properly  advertised  and  that  the  attendance  will  justify  the  expense.  Closely  related 
to  this  lecture  work  is  that  of  road  model  exhibits  which  are  displayed  at  various 
expositions,  road  conventions,  and  similar  meetings.  All  editorial  and  photographic 
work,  together  with  the  library,  which  comprises  approximately  9,000  volumes,  is  also 
under  this  division. 

Division  of  Road  Material  Tests  and  Research. 

The  work  of  this  division  embraces  the  following  projects: 

1.  Chemical  and  physical  examination  of  all  types  of  road  materiab. 

2.  Microscopic  examination  and  classification  of  all  rocks,  graveb,  sands,  clays, 
etc.,  which  are  of  interest  in  road  construction  and  maintenance. 

3.  Standardisation  of  methods  of  testing  bituminous  and  nonbituminous  road 
materials. 

4.  Researches  into  the  occurrence,  manufacture,  and  properties  of  dust  preventives 
and  road  binders. 

5.  Investigations  of  nonbituminous  road  materials. 

6.  Inspection  and  advice. 

Under  these  projects  numerous  experiments  s^e  conducted  in  cooperation  with  other 
divisions  of  the  office  with  a  view  to  correlating  laboratory  tests  with  service  results. 

Samples  of  rock,  gravel,  sand,  and  clay  are  tested  free  of  charge  for  any  citizen  of 
the  United  States,  provided  they  are  submitted  strictly  in  accordance  with  printed 
instructions  which  are  furnished  upon  request,  and  provided  the  tests  will  not  only 
prove  of  value  in  perfecting  the  records  of  the  office  with  regard  to  local  deposits  but 
will  aid  in  the  dissemination  of  information  of  particular  value  to  highway  engineers. 

In  certain  instances  samples  of  bitimiinous  materials  are  tested  free  of  charge,  when 
by  so  doing  information  may  be  secured  to  further  the  office  in  its  efforts  to  coordinate 
laboratory  tests  with  service  results  and  when  such  information  will  aid  it  in  the 
preparation  of  specifications  for  materials  of  this  character.  Tests  are  not  made  for 
municipalities. 

VI.  Division  of  Farm  Irrigation. 

The  Division  of  Farm  Irrigation  embraces  the  following  lines: 
1.  Utilization  of  water  in  irrigation  to  determine  what  constitutes  the  best  practice 
in  farm  irrigation  as  to  quantity  used,  time  of  use,  and  methods  of  preparing  land  and 
applying  water.  Studies  also  have  been  made  of  duty  of  water  in  its  broader  aspect 
as  related  to  Federal  statutes.  State  laws,  State  regulations,  court  decisions,  and  water- 
right  contracts. 
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2.  Pnmping  for  irrigatioii,  compruing  the  investigatloii  of  the  idaptation  of  pumping 
ttttehineiy  lor  tiiis  purpose  and  the  investigation  for  determining  the  cost  of  installa- 
tion, maintenance,  and  op^ation  of  such  machinery,  including  the  source  of  wattf 
^ttppbf  ttom  wells  of  various  kinds.  This  woifk  includes  technical  investigifdons  to 
woiic  out  improvements  in  the  design  of  pumicing  plants  for  irrigation  as  veil  as 
studies  in  the  operation  and  maintenance  of  such  plitnts  in  the  field. 

3.  Irrigaticm  appliances  and  equipment.  The  main  object  of  this  study  is  to 
develop  the  best  types  of  structures  and  equipment  for  diverting,  transporting,  con- 
trtrffing^  and  distributing  irrigation  water. 

4.  Fk>w  of  watef  in  ditches,  pipes,  and  other  conduits.  This  study  is  based  on  the 
science  of  faydrauties  and  consists  in  testing  the  accuracy  of  existibg  formulas  for  the 
flow  of  watelr  in  conduits  of  various  kinds  and  tiie  adoption  of  new  formulas  if  loifnd 
adviflible. 

5.  Measurement  erf  Water.  The  economical  xia^  of  water  in  IrrigMion  requires  that 
it  be  measured  and  this  investigation  is  intended  to  test  the  accuracy  and  fitness  of 
inexpensive  devices  for  the  measurement  of  water  delivered  to  individual  water 
users. 

t.  Customs,  regulations,  and  laws  relating  to  irrigation.  Irrigation  is  still  a  new 
ftiiure  of  i^riculture  in  this  country,  and  customs,  regulations,  and  kws  relating  to 
it  are  still  in  a  formative  state.  The  purpose  of  tiiis  investigadon  is  to  study  the 
operation  of  these  with  a  view  to  adapting  them  to  changing  conditions. 

7.  Expert  advice  and  assistance  to  promote  irrigation  development  and  the  improve- 
ment of  irrigation  practice. 

VII.  DivsnoR  OF  Fa&m  Dkainaqs. 

The  general  scope  of  the  work  of  the  tHvishm  of  Farm  Drainage  embraces  investiga- 
tions of  the  best  practical  methods  of: 

1.  Removing  surplus  water  from  lands  i^hich  have  an  agricultural  value  when 
drained. 

2.  Protecting  fertile  lands  from  periodical  overflow  of  streams. 

3.  Reclaiming  tidal  lands  which  are  susceptible  of  profitable  cultivation. 

4.  Controlling  and  conserving  the  rainfall  on  tillable  hillside  lands. 

In  pursuance  of  these  ends  the  work  is  carried  on  along  the  following  lines: 

First.  The  study  of  drainage  literature  and  the  dissemination  of  such  facts  and 
knowledge  thus  obtained  as  seem  practical  and  valuable. 

Second.  The  rendoing  of  practical  assistance  in  the  initiation  of  drainage  improve- 
iMnts  in  representative  localities. 

Third.  The  solution  of  special  problems  relating  to  drainage  practice  peculiar  to 
various  parts  of  the  country. 

Fourth.  Original  experimental  research  to  secure  data  of  value  to  engineers  and 
others  in  making  plans  and  estimates. 

The  information  obtained  along  the  foregoing  lines  is  disseminated  by  means  of 
jointed  bulletins  and  reports,  personal  consultation  and  correspondence,  public 
addresses  and  plans,  and  manuscript  reports  prepared  for  special  localities. 

YUI.  Division  of  Rural  Enoinbxbino. 

The  activities  carried  on  in  this  division  consist  of  research,  investigations,  and 
assistance  rendered  along  the  following  Hues: 

1.  Methods  for  securing  and  developing  a  watw  supply  of  sufficient  quantity  and 
satisfactory  quality  for  house  and  stock  use  on  the  hrm. 

2.  Methods  for  disposing  of  farm  wastes  of  all  kinds  through  septic  tanks  and  dis- 
tribution fields,  or  by  other  approved  methods  of  sewage  disposal,  and  by  incineration. 

3.  Design  and  locati<m  of  all  t3rpeB  of  farm  structures. 
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4.  Problems  inyolying  the  engineering  and  mechanical  piincipks  underlying  many 
of  the  fourm  operations^  including  the  intelligent  selectiiA  and  openidaii  of  fourm 
machinery. 

6.  Traction  tests  to  determine  the  draft  required  for  drawing  fourm  implements  and 
for  transpctfting  fourm  products  undw  varying  conditions. 

6.  Instrument  making  and  repairing  for  the  various  activities  of  the  ofl^. 

SUMMARY. 

The  purpose  of  the  Ot&ce  of  Public  Roads  uid  Rural  Engineering  in  its  broadest 
sense  is,  therefore,  to  discover  and  promote  the  application  of  the  most  scientific 
methods  for  the  various  lines  within  its  scope,  to  advance  efficiency,  prevent  waste, 
and  encourage  further  development  and  progress.  The  office  may  be  defined  as  a 
national  efficiency  bureau,  research  laboratory,  and  clearing  house  for  informatikm  in 
regard  to  all  questions  of  an  ^igineering  nature  relating  to  public  roads,  fourm  irriga- 
tion, land  drainage,  and  the  various  terming  improvements  and  undertakings  involv- 
ing mechanical  or  engineering  principles. 

The  Chaisman.  We  will  now  proceed  with  the  paper  by  Mr.  J.  E. 
Pennybackery  Chief  of  the  Division  of  Road  Economics,  United  States 
Office  of  Public  Roads,  on  the  subject  of  ''Pubhc  roads  in  the  United 

States." 


PUBUC  ROADS  IN  THE  UNITED  STATES. 

By  J.  E.  PENN YBAGKER. 

Chirff  Division  qfRoad  Eeonaima^  Office  of  Public  Road$  and  Rural  Engineering,  UmUd 
States  Department  of  AgricuUure, 

ADMINISTRATIVE  OONTBOL. 

A  clear  understanding  of  the  past  progress,  the  present  status,  and  the  trend  of  road 
improvement  in  the  United  States  can  only  be  had  by  taking  into  account  the  sys- 
tems of  administrative  control  under  which  the  public  roads  in  the  United  States 
have  been  and  now  are  managed.  First,  it  must  be  clearly  understood  that  the 
National  Government  does  not  at  the  present  time  exercise  any  administrative  con- 
trol over  public  roads  other  than  those  on  Government  reservations,  nor  does  it  make 
appropriations  for  construction  or  maintenance  of  other  than  experimental  roads. 
The  National  Government  does  mafaitain,  however,  an  organization  in  the  Depart- 
ment of  Agriculture  known  as  the  Office  of  Public  Roads  and  Rural  Engineering, 
which  devotes  careful  and  painstaking  attention  to  the  various  problems  of  construc- 
tion, maintenance,  and  management,  and  thus  affords  to  the  States,  the  local  sub- 
divisions, and  private  citizens  a  great  deal  of  useful  information  and  instruction  to 
aid  them  in  the  improvement  and  care  of  public  roads. 

The  work  of  that  office  has  been  fully  described  in  a  paper  by  ite  director,  Mr. 
L.  W.  Page,  and  I  shall,  accordingly,  devote  no  further  attention  to  it  in  this  paper. 
It  might  be  interesting,  however,  at  this  point  to  refer  to  the  fact  that  as  early  as  1802 
the  Congress  of  the  United  States  provided,  in  the  act  of  admission  of  Ohio  as  a  State, 
that  6  per  cent  of  the  net  proceeds  of  public  lands  lying  within  the  bounds  of  that 
State  and  sold  by  Congress,  should  be  applied  to  laying  out  and  making  public  roads. 
The  act  provided  further  that  the  roads  were  to  lead  from  navigable  waters  emptying 
into  the  Atlantic  westward  to  the  Ohio  River  and  to  be  laid  out  under  authority  of  Con- 
gress. Later  acta  which  admitted  Indiana,  Illinois,  and  Missouri  in  1816, 1818,  and 
1820,  respectively,  contained  somewhat  similar  provisions.    An  act  was  accordingly 
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paased  in  March,  1806,  providing  tor  laying  out  and  constructing  a  road  from  Cumber- 
land, Md.,  to  the  Ohio  River,  uid  later  in  the  same  year  extennon  of  the  road  to  the 
MiflsiflBippi  River  near  St.  Louis  was  authorised.  In  all,  between  1806  and  1844 
Congress  appropriated  $6,825,000  for  the  construction  of  the  Cumberland  Road .  Other 
appropriations  were  made  by  Congress  toward  the  building  of  national  roads,  but  the 
policy  was  abandoned  early  and  in  1831  the  Pennsylvania  Legislature  took  over  that 
portion  of  the  Cumberland  Road  lying  in  Pennsylvania.  In  the  same  year  Ohio 
passed  a  similar  act  and  in  1832  Maryland  and  Virginia  accepted  the  road  within  their 
boundaries  on  the  same  terms.  By  1850  most  of  the  road  had  been  absorbed  by  local 
toll  companies.  At  the  present  time  there  is  a  very  strong  sentiment  in  the  Congress 
of  the  United  States  for  some  form  of  national  aid  to  road  improvement  on  a  basis 
involving  coop^ution  between  the  National  Government  and  the  State  governments.^ 

Hence,  inasmuch  as  we  have  no  national  system  or  national  control  to  be  described, 
there  remain  for  consideration  48  distinct  systems  of  administration,  as  there  are 
48  States  in  the  Union. 

In  the  early  half  of  the  nineteenth  century  many  of  the  State  governments  took  a 
direct  part  in  the  construction  of  improved  roads,  largely  in  the  form  of  toll  companies 
in  which  the  States  owned  stock.  'Hie  toll  system  ultimately  teiled  in  this  as  in  other 
countries,  and  for  nearly  a  half  century  all  roads  were  controUed  and  financed  either 
by  the  county  or  by  subdivisions  of  the  county,  known  in  some  States  as  townehips, 
in  others  as  to^-ns,  and  in  others  as  districts.  Manifestly  this  made  of  the  public  road 
a  purely  local  utility  which  for  its  improvement  and  upkeep  must  depend  upon  the 
local  units  of  government.  This  minute  subdivision  of  authority,  of  responsibility, 
and  of  funds  resulted  in  almost  an  utter  stagnation  of  road  construction,  as  few  localities 
could  or  would  employ  competent  engineering  supervision  or  provide  adequate 
funds  to  build  improved  types  of  roads.  Such  a  condition  could  only  endure  until  a 
time  when  the  growing  needs  of  traffic  would  demand  a  more  adequate  system .  It  was 
inevitable  that  the  State  ultimately  should  assume  a  responsibility  and  a  duty  which 
its  subdivisions  could  not  assume  for  themselves.  Thus  it  came  about  that  in  1891 
the  State  of  Ne-^  Jersey  took  definite  action  by  making  an  appropriation  of  $75,000  of 
State  funds  to  aid  the  counties  in  road  building.  In  1894  the  State  established  a 
department  of  public  roads  under  the  direction  of  a  commissioner.  Other  States 
rapidly  followed  the  action  of  New  Jersey  until,  at  the  present  time,  only  the  States 
of  South  Carolina,  Georgia,  Mississippi,  Texas,  Kansas,  and  Indiana  have  no  form 
of  State  supervisioii  or  State  appropriation.' 

This  development  of  the  policy  of  State  participatkm  has  not  resulted  uniformly 
in  the  substitution  of  State  control  for  local  control,  but  it  has  started  the  trend  away 
from  localization  and  definitely  toward  centralization.  This  trend  has  up  to  the 
present  time  manifested  itself  in  almost  as  many  degrees  as  there  are  States,  so  that 
we  now  have  a  veritable  patchwork  of  S3rstems  in  which  each  State  differs  from  every 
other  State  to  such  an  extent  as  to  make  an  administrative  survey  an  utta*  impossi- 
bility within  the  limits  of  a  single  paper.  I  may  say,  however,  that  the  first  mani- 
estations  of  State  participation  were  in  the  form  of  apinropriations  to  aid  the  local 
Subdivisions,  while  leaving  actual  control  in  local  hands.  Gradually  the  control  of 
construction,  financed  by  the  State  or  by  joint  funds,  passed  into  the  hands  of  State 
ofiicers,  80  that  in  the  main  the  State  governments  now  supervise  the  construction 
of  those  roads  toward  which  the  State  contributes  all  or  a  part  of  the  cost.    Later  on 

1  By  an  set  approved  July  11, 1916,  tha  Congress  of  the  United  States  appropriated  $75,000,000  to  aid 
the  States  in  the  oonstmction  of  rural  post  roads  during  a  period  of  five  years,  the  amounts  to  be  avail- 
able as  foUows:  I6/XN),00D  for  the  fiscal  year  ending  June  80, 1917;  tlOfiOOfiOO  for  the  fiscal  year  ending 
June  30, 1918;  115,000,000  for  the  fiscal  year  ending  June  90, 1919;  $20,000,000  for  the  fiscal  year  ending 
June  30, 1920;  $25,000,000  for  the  fiscal  year  ending  June  30, 1921,  the  States  to  provide  at  least  an  equal 
smonnt.  In  addition  to  this  an  appropriation  of  $10,000,000  was  made  tor  the  construction  of  forest  roads, 
to  be  available  at  the  rate  of  tlfiOOflOO  annually  for  ten  years. 

*  Every  State  in  the  Union  has  now  (May  1, 1917),  some  form  of  State  aid  and  supervision  for  highways. 
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also  be  remembered  that  street  paving  is  a  continuous  operation,  that  a  street  once 
paved  must  be  kept  paved,  and  the  street  that  will  be  the  cheapest  in  the  long  run, 
when  first  cost,  interest,  and  repairs  are  taken  into  consideration,  is  the  one  that  as  a 
general  proposition  should  be  used,  provided  it  is  satisfactory  from  a  physical  stand- 
point. It  should  also  be  taken  into  consideration  that  constant  repairing  of  a  street 
is  a  nusiance,  not  only  to  the  traveling  public,  but  to  the  occupants  of  the  street,  so 
that  the  fact  that  a  street  does  not  require  frequent  repairs  is  important  in  making 
selections. 

FOUNDATION. 

What  has  been  said  regarding  the  selection  of  materials  bears  especially  upon  the 
wearing  surface,  as  it  is  understood  that  whatever  the  pavement  it  must  be  laid  upon 
a  solid  foundation.  This  is  especially  true  with  a  bituminous  pavement,  as  what  is 
known  as  the  pavement  is  simply  a  carpet  that  takes  the  tra^c,  and  the  base  or 
foundation  must  be  laid  of  sufficient  strength  to  sustain  the  traffic. 

As  a  rule,  engineers  consider  that  Portland  cement  concrete  makes  the  beet  founda- 
tion. The  materials  for  it  can  generally  be  obtained  at  reasonable  prices  where 
pavements  are  laid.  It  is  undoubtedly  used  more  at  the  present  time  for  foundaticms 
for  pavement  than  any  other  material.  Under  certain  conditons  other  foundations 
can  be  used,  such  as  an  old  macadam  road,  and,  in  some  very  few  instances,  8tx>ne 
blocks  where  the  traffic  is  light  and  where  the  pavement  is  not  likely  to  be  disturbed 
for  street  openings. 

The  thickness  of  the  foundation  depends,  of  course,  entirely  upon  the  traffic. 
Generally  the  depth  is  6  inches,  but  it  can  be  increased  to  8  or  10  inches  when  occasion 
requires.  It  is  generally  made  of  a  mixture  of  one  part  of  cement,  three  parts  of  sand, 
and  six  parts  of  broken  stone.  In  the  city  of  Glasgow,  Scotland,  pavement  foimda- 
tions  are  only  6  inches  thick,  even  where  extremely  heavy  loads  are  used,  but  the 
mixture  is  one  part  of  cement,  two  parts  of  sand,  and  four  parts  of  broken  stone, 
instead  of  the  proportions  previously  given. 

STONE   BLOCK   PAVEMENTS. 

In  deciding  upon  the  special  kind  of  stone  for  a  block  pavement,  the  availability 
of  the  stone  should  be  taken  into  consideration  as  well  as  its  physical  conditions.  Of 
the  latter,  hardness  and  toughness  are  perhaps  the  most  important.  Very  few  stone 
pavements  laid  in  this  country  wear  out  on  account  of  the  material  being  too  soft; 
but  if  it  is  too  hard  it  wears  smoothly,  and  consequently  will  be  slippery  imder 
traffic.  If  too  soft,  the  stone  will  wear  quickly  and  unevenly,  so  that  the  general 
surface  becomes  rough.  What  is  desired  is  a  stone  that  will  wear  so  as  to  present 
a  smooth,  flat,  even  surface  under  traffic,  no  matter  if  it  does  wear  somewl^t. 

Within  the  last  few  years  quite  a  change  has  come  about  in  the  method  of  laying 
stone  block  pavements,  which  affects  not  only  the  character  of  the  pavements  them- 
s  elves,  but  also  the  cost  of  construction.  Granite  blocks  as  originally  used  in  the  East 
were  hrom  10  to  14  inches  long,  8  to  9  inches  deep,  and  3}  to  4^  inches  wide.  They 
were  cut  without  much  attempt  to  make  a  smooth  and  even  surface,  and  laid  with 
joints  from  f  inch  to  1  inch  in  width,  so  that  under  traffic  the  comers  wore  off,  produc- 
ing what  is  known  as  the  ''turtle-back "  effect.  This  condition  would  arise  and  make 
the  pavement  rough  and  imeven  long  before  the  ultimate  wear  of  the  block  had  been 
obtained.  Some  five  years  ago  a  meeting  was  held  of  the  highway  engineers  of  New 
York  and  vicinity  and  the  producers  of  granite  blocks  tributary  to  that  market  with 
a  view  of  obtaining  better  blocks  without  too  great  cost.  The  result  was  that  eventu- 
ally the  depth  of  the  blocks  was  made  5  inches,  with  a  variation  of  one-fourth  inch 
each  way,  and  the  length  reduced  to  8  or  10  inches.  It  \ms  foimd  that  this  class.of 
block  made  a  much  better  pavement,  and  the  smaller  blocks  could  be  made  smoother 
at  less  cost  than  the  laiger,  and  consequently  the  surface  was  much  more  even.  With 
the  truer  surfaces  narrower  joints  can  be  obtained  and  different  joint  fillers  used,  so 
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that  the  blocks  do  not  wear  off  at  the  edges  as  previously  described .  As  has  been  inti- 
mated, as  there  are  very  few  streets  where  the  stone  blocks  will  be  actually  worn  out 
by  traffic  if  the  surface  can  be  kept  smooth  without  undue  wear  at  the  joints,  the 
present  pavements  must  last  satisfactorily  much  longer  than  the  old. 

Another  change  made  is  the  practice  that  has  obtained  for  two  or  three  yean  of 
recutting  the  old  granite  blocks  that  had  been  worn  out  of  shape  by  traffic  and  using 
them  again  in  a  new  pavement.  The  result  has  been  surprisingly  good.  The  old 
blocks,  being  so  laige,  could  be  cut  up  into  smaller  ones  with  new  surfaces,  and  with 
a  cement  joint  give  exceedingly  good  results.  Many  cities  have  used  the  old  blocks 
in  this  way. 

Another  form  of  stone  pavement  in  use  to  quite  an  extent  in  £iux)pe,  and  recently 
introduced  into  this  countay,  is  what  is  known  as  Durax  in  England  and  Kleine- 
pflaster  in  Germany.  This  pavement  consists  of  small  approximately  cubical  blocks 
3  or  3}  inches  square,  but  irregular  enough  so  that  they  can  be  laid  in  concentric  rings 
of  small  arcs  of  circles,  and  sometimes  in  diagonals,  so  that  the  joints  will  not  be 
parallel  to  the  line  of  traffic.  With  such  small  blocks  it  is  x)068ible  to  obtain  a  very 
smooth  surface  and  produce  a  pavement  that  is  very  satisfactory  under  light  traffic. 
In  Europe  it  is  used  to  a  great  extent  in  resurfacing  old  macadam  roads  where  motor 
traffic  has  made  the  former  unsatisfactory.  If  these  blocks  can  be  produced  at  a 
reasonable  price  they  should  make  a  pavem^it  that  will  be  quite  satisfactory  on  streets 
where  the  traffic  is  not  too  heavy.  In  Brooklyn  in  1915  the  average  price  for  granite 
pavement  was  $3.25  per  square  yard. 

BRICK  PAVEMENTS. 

The  first  brick  pavement  in  this  country  was  laid  in  Charleston,  W.  Va.,  in  1870. 
So  great  was  its  success,  although  laid  of  brick  much  inferior  to  those  used  at  the  present 
time,  that  other  pavements  of  brick  were  laid  in  the  Central  West  during  the  next  few 
years.  The  increasing  demand  for  a  paving  material  that  would  be  available  for  the 
Central  West,  where  there  is  no  natural  stone  suitable  for  pavements,  and  where  the 
expense  of  freight  for  hauling  stone  would  be  great,  was  such  that  improved  meth- 
ods of  making  the  brick  and  laying  the  pavement  were  inaugurated  and  experiments 
made  with  different  kinds  of  clays  with  such  success  that  for  some  years  brick  has 
been  considered  a  standard  material  for  street  pavements. 

This  result  was  undoubtedly  arrived  at  more  quickly  than  it  otherwise  would  have 
been  on  account  of  the  work  of  the  National  Paving  Brick  Manufacturers'  Association, 
which  association  realized  that,  in  order  to  make  a  brick  pavement  successful,  the  indi- 
vidual bricks  must  be  good,  and  after  a  great  deal  of  experimentation  at  considerable 
expense  methods  were  devised  for  testing  the  brick,  so  that  it  is  now  possible  to  deter- 
mine in  advance  of  its  use  whether  certain  brick  will  or  will  not  be  satisfactory. 

The  methods  of  laying  have  also  been  investigated  by  the  before-mentioned  associa- 
tion, and  there  is  very  little  difference  between  the  practice  of  the  different  engineers 
and  the  recommendations  of  the  association,  the  principal  one  probably  being  the 
material  with  which  the  joints  in  the  brick  are  filled. 

As  a  rule  the  bricks  are  laid  upon  a  cushion  of  sand  1  inch  or  1}  inches  in  depth 
placed  upon  the  concrete  foundation.  The  object  of  the  sand  is  to  give  the  brick  a 
firm  bearing,  and  the  depth  of  the  cushion  depends  somewhat  upon  the  smoothness 
of  the  concrete. 

Just  what  material  shall  be  used  for  joint  filling  is  a  debatable  question,  some  people 
advocating  a  bituminous  filler  and  otiiers  one  made  of  Portland  cement  grout.  The 
advocates  of  both  kinds  present  good  arguments,  and  it  is  fair  to  assume  that  with 
good  work  and  good  material  good  results  can  be  reached  by  either  method.  The 
advocates  of  the  cement  filler  claim  that,  after  the  grout  has  set,  the  edges  of  the  brick 
are  protected  from  undue  wear  from  traffic,  and  consequently  the  pavement  is  more 
durable.  The  advocates  of  the  bituminous  filler,  on  the  other  hand,  while  admitting 
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that  there  ie  somo  truth  in  the  other  argument,  still  claim  that  one  of  the  principal 
objections  to  brick  as  a  paving  material  is  its  noisiness,  and  that  this  objection  is  over- 
come to  a  great  extent  by  the  use  of  a  bituminous  filler.    Both  practices  may  be  con* 
sidered  standard. 
The  price  of  brick  varies  greatly  in  different  sections  of  the  country. 

WOOD  PAVEMENT. 

Wood  has  been  used  in  different  forms  as  a  paving  material,  in  certain  sections  of 
this  country  and  Eturope,  since  1840.  In  the  first  pavements  the  wood  was  untreated, 
of  an  inferior  quality,  selected  without  regard  to  its  durability,  and  laid  in  a  hasty 
and  unscientific  manner.  As  the  life  of  such  a  pavement  would  necessarily  depend 
upon  the  ability  of  the  wood  to  resist  decay  (as  even  a  wood  pavement  will  not  wear 
out  quickly),  the  results  obtained  from  these  early  pavements  were  very  unsatisfactory. 

Between  1880  and  1890  a  large  amount  of  what  was  known  as  cedar-block  pavement 
was  laid  in  the  cities  of  the  Central  West.  This  pavement  consisted  of  blocks  made 
by  sawing  up  cedar  posts  into  pieces  6  inches  long  and  from  6  to  8  inches  in  diameter. 
Tliey  were  laid  on  a  sand  cushion,  sometimes  on  concrete  and  sometimes  on  planks, 
the  joints  being  filled  with  tar  and  gravel.  These  pavements  were  particularly 
pleasing  when  first  laid,  but  had  a  life  of  only  five  or  six  years. 

About  1890  a  few  creosoted  wood  block  pavements  were  laid  in  Indianapolis.  The 
blocks  were  treated  with  creosote  oil,  without  any  particular  requirement  for  same, 
and  impregnated  with  an  uncertaiQ  amount  of  the  oil.  The  resulting  pavements, 
however,  were  quite  satisfactory,  and  gradually  quite  a  sentiment  sprung  up  in  the 
West  in  favor  of  treated  wood  block  pavements. 

In  1900  a  pavement  was  laid  on  Tremont  Street,  Boston,  of  Southern  yellow  pine, 
the  blocks  being  treated  with  a  preservative  consisting  of  one-half  resin  and  one-half 
creosote.  This  pavement  is  in  good  condition  at  the  present  time  and  has  had  only 
a  very  small  amoimt  of  money  expended  upon  it  for  repairs. 

In  order  to  make  a  good  wood  pavement  the  blocks  must  be  of  a  good  quality  of 
wood,  they  must  be  properly  treated,  and  well  laid.  In  the  construction  of  wood 
pavements  there  is  probably  more  variance  among  engineers  than  in  the  construction 
of  any  other  kind  or  pavement.  This  is  natural,  as  wood  pavement  has  not  been 
generally  adopted  for  many  years,  and  there  are  many  elements  entering  into  its 
construction. 

Long-leaf  yellow  pine  is  generally  accepted  as  being  the  best  kind  of  wood  for  a 
street  pavement.  This  wood,  however,  is  used  to  a  great  extent  for  many  other  pur- 
poses, maMng  it  quite  expensive,  so  that  experiments  are  being  made  by  the  United 
States  Government  to  determine  what  other  woods  may  be  used  under  certain  con- 
ditions BO  as  to  reduce  the  cost. 

Short-leaf  yellow  pine  and  black  gum  have  been  tried  to  a  certain  extent  in  the 
East,  and  tamarack  and  Or^;on  fir  in  the  West.  This  latter  wood  is  used  almost 
entirely  on  the  Pacific  coast. 

The  greatest  variance  in  the  opinions  of  engineers  is  as  to  the  preservative  with 
which  the  wood  should  be  treated  and  the  amount  required.  There  seems  to  be  no 
question  that  coal-tar  creosote  oil  will  produce  good  results,  and  many  people  claim 
iJiat  just  as  good  results  can  be  obtained  from  the  use  of  creosote  oil  manu&ctured 
from  water-gas  tar.  If  this  be  so,  it  should  be  determined,  so  that  as  wide  variation 
in  materials  as  possible  can  be  had,  resulting  in  greater  competition.  Experiments 
are  necessary,  however,  to  demonstrate  this,  and  it  would  seem  that  if  they  coidd  be 
carried  on  under  the  direction  of  the  United  States  Government,  and  on  a  scale  suf- 
ficient to  be  conclusive,  much  good  would  be  accomplished. 

The  object  of  the  treatment  is  both  to  preserve  the  blocks  from  decay  and  to  make 
them  stable,  so  that  they  will  not  swell  too  much  in  wet  weather,  causing  bulging, 
or  contract  in  dry  weather,  and  so  become  loose.  The  early  specifications  called  for 
a  treatment  of  20  pounds  per  cubic  foot,  in  order  to  produce  a  block  that  would  not 
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absorb  more  than  3  per  cent  of  water  after  having  been  dried  for  24  hours  at  a  tem- 
perature of  120®  F.  and  then  immersed  in  water  for  24  hours.  This  quantity  has 
been  modified  to  a  great  extent  in  recent  specifications,  sometimes  to  16  pounds  and 
sometimes  to  12  pounds  per  cubic  foot.  The  specific  gravity  of  the  preservative,  too, 
has  also  been  discussed  to  a  great  extent,  many  people  wishing  to  use  an  oil  of  1.03 
gravity  and  others  advocating  a  gravity  of  from  1.08  upward.  A  preservative  can 
be  produced  of  this  higher  gravity  composed  of  a  mixture  of  coal-tar  pitch  and  a 
light  creosote  oil,  and,  while  the  mixture  would  not  be  a  true  creosote  oil,  if  it  pro- 
duced the  proper  results  it  could  be  used  satisfactorily. 

Wood-block  pavement  in  this  country  will  almost  invariably  rot  out  rather  than 
wear  out,  as  long-leaf  yellow  pine  blocks  will  stand  more  traffic  than  will  be  had  on 
most  streets  paved  with  wood  in  a  long  time.  Therefore  if  a  preservative  can  be  used 
that  will  keep  the  blocks  from  decay  for  30  or  40  years,  it  will  be  economical  to  pay 
considerably  more  for  it  than  for  one  that  would  only  preserve  the  blocks  for  25  years* 
It  is  argued  by  the  advocates  of  the  heavy  oil  that  it  will  not  evaporate  nearly  as 
quickly  as  the  lighter  oil,  and  consequently  will  be  retained  in  the  wood  longer,  and 
so  i^eserve  the  blocks  for  a  corresponding  length  of  time.  This  argument  is  also  used 
to  a  great  extent  by  the  advocates  of  the  greater  amount  of  treatment. 

Wood-block  pavement  is  practically  in  its  infancy  at  the  present  time,  and  it  will 
undoubtedly  take  a  number  of  years  to  settle  these  points. 

There  is  also  some  question  as  to  the  proper  material  for  joint  filler,  as  in  brick  pave- 
ments, the  same  materials  being  used  and  there  being  the  same  difference  of  opinion. 

In  this  country  it  has  been  customary  to  lay  a  thin  cushion  of  sand  and  cement, 
mixed  in  the  proportion  of  one  part  of  sand  to  three  parts  of  cement,  on  the  concrete 
foundation,  the  mixture  being  moistened  enough  to  permit  it  to  set,  but  not  enough 
to  make  it  soft,  and  on  this  cushion  the  blocks  are  laid.  Some  engineers  use  a  sand 
cushion,  but  the  writer  believes  that  this  is  not  good  practice.  In  Europe  the  blocks 
are  laid  directly  upon  the  concrete  base.  This,  however,  means  that  the  surface  of 
the  concrete  must  be  made  absolutely  smooth,  so  that  the  blocks  will  have  a  firm 
and  even  bearing.  This  entails  a  little  extra  expense  in  laying  the  concrete,  and 
the  engineers  of  this  country  have  not  deemed  this  necessary. 

While  prices  for  wood  pavements  vary  in  different  parts  of  the  country,  the  aver- 
age cost,  on  6  inches  of  concrete,  can  be  said  to  be  from  $3.25  to  $3.50  per  square 
yard.  One  contract  was  made  in  Brooklyn  in  1915  for  $3  per  square  yard,  but  that 
was  a  very  low  price. 

BITUMINOUS  PAVEMENTS. 

Under  this  heading  will  be  considered  sheet  asphalt,  asphalt  block,  and  bitulithic 
pavements. 

Sheet  asphalt. — Sheet  asphalt  pavement  has  been  used  in  this  country  to  quite  ui 
extent  for  about  35  years.  It  was  introduced  about  the  time  that  there  was  a  grow- 
ing interest  in  smooth  pavements,  so  that  the  mind  of  the  public  was  ready  to  receive 
it.  Its  popularity  has  been  very  great,  as  is  shown  from  the  fact  that  in  1890,  in 
eight  of  the  principal  cities  of  this  country,  there  were  246  miles  of  asphalt  pavement, 
while  in  1911  the  amount  had  increased  to  2,348  miles.  In  the  Borough  of  Brooklyn, 
New  York  City,  alone,  which  in  1895  had  only  18  miles  of  asphalt  pavement,  on 
January  1,  1915,  there  were  539  miles. 

Asphalt  itself  is  a  mineral  pitch,  found  in  many  parts  of  the  world.  The  principal 
deposits,  however,  used  for  pavements  are  on  the  island  of  Trinidad  and  in  the  prov- 
ince of  Bermudez,  Venezuela.  Certain  quantities  have  been  found  and  used  in  Cali- 
fornia, but  the  greatest  quantity  of  the  California  asphalt  used  at  the  present  time  is 
specially  manufactured  for  this  purpose  from  petroleum  oil.  The  process  is  simply 
distilling  the  crude  oil  and  evaporating  the  lighter  constituents. 

An  asphalt  pavement  consists  approximately  of  90  per  cent  of  sand  and  10  per  cent 
of  bitumen,  which  is  the  important  part  of  the  asphalt. 
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The  original  practice  was  to  lay  the  asphalt  mixture  directly  upon  the  concrete 
foundation,  but  there  was  some  difficulty  in  making  the  mixture  adhere  to  the  base, 
so  that  the  pavement  often  slipped  and  became  uneven.  To  obviate  this,  what  is 
called  the  **  binder  coat' '  is  laid,  generally  1  inch  thick,  upon  the  base  and  the  wear- 
ing surface  laid  upon  the  binder.  The  binder  consists  of  broken  stone  ranging  from 
1  inch  in  size  downward,  sufficient  sand  or  dust  being  permitted  in  the  stone  to  par- 
tially fill  the  voids  and  make  it  so  dense  that  the  wearing  surface  will  not  be  driven 
into  it  and  become  uneven  under  traffic.  The  binder  course  is  spread  upon  the  con- 
crete and  then  rolled  with  an  asphalt  roller  until  it  is  thoroughly  compacted.  The 
wearing  surface,  which  is  composed  of  the  sand  and  asphalt,  is  thoroughly  mixed  at 
a  central  plant,  carried  to  the  street,  and  spread  and  thoroughly  rolled. 

Great  care  must  be  taken  that  the  asphalt  used  shall  be  of  proper  consistency,  so 
that  the  resulting  pavement  shall  not  be  so  soft  as  to  be  deformed  in  warm  weather 
or  so  hard  as  to  crack  in  cold  weather.  The  quality  of  the  sand,  too,  is  important,  as 
it  must  be  free  from  any  organic  matter,  and  so  graded  as  to  produce  a  minimum 
amount  of  voids.  Experts  are  necessary  at  the  plant  to  see  that  these  conditions  are 
complied  with. 

The  cost  of  asphalt  pavement  varies  greatly  in  different  parts  of  the  country  and  also 
in  different  cities  from  year  to  year.  This  is  due  somewhat  to  changes  in  prices  and 
conditions,  and  also  to  the  kind  of  competition  that  exists.  In  1910,  for  instance, 
asphalt  cost  in  Brooklyn  $23.78  per  ton,  while  in  1915  it  was  purchased  for  113.45  per 
ton.  Assuming  roughly  that  a  square  yard  of  asphalt  2  inches  thick  weighs  200  pounds, 
and  that  10  per  cent  of  bitumen  in  the  asphalt  is  used,  the  cost  per  square  yard  of 
asphalt  will  be  about  15  cents. 

The  average  cost  of  asphalt  pavement  in  Brooklyn  in  1914,  on  6  inches  of  concrete, 
was  $1.79  per  square  yard.  In  1915  the  highest  cost  was  $1.66  and  the  lowest  $1.33 
per  square  yard. 

Asphalt  blocks. — ^This  kind  of  pavement  is  used  to  a  great  extent  on  grades  so  steep 
that  it  would  be  inadvisable  to  use  sheet  asphalt.  The  mineral  aggregate  is  coarser 
than  that  used  in  the  sheet.  The  blocks  themselves  are  manufactured  at  a  central 
plant  and  delivered  on  the  work  ready  for  use.  The  advantage  of  this  form  of  pave- 
ment is  that  the  mixture  and  pressure  can  all  be  carried  on  at  one  plant,  under  the 
direction  of  an  expert.  It  is  possible  to  obtain  almost  exactly  the  same  amoimt  of 
pressure  upon  each  block,  so  that  they  should  all  wear  evenly. 

It  is  also  possible  to  make  repairs  at  all  seasons  of  the  year,  without  the  necessity  of 
having  a  plant  in  operation .  For  this  reason  this  form  of  pavement  is  adapted  to  small 
cities  that  can  not  afford  to  have  a  permanent  plant. 

Its  principal  disadvantage  is  that  the  entire  pavement  must  be  transported  from  the 
central  plant  to  the  street.  This,  of  course,  is  only  an  economic  disadvantage.  If  the 
plant  is  near  the  work  this  disadvantage  io  small. 

Although,  as  has  been  said,  asphalt  blocks  are  well  adapted  to  steep  grades,  they  are 
used  to  a  great  extent  on  streets  where  the  grades  are  light. 

As  a  rule  asphalt  block  pavement  will  cost  a  little  more  per  square  yard  than  the 
sheet  asphalt. 

Bituliihic. — ^The  process  of  laying  this  pavement  is  patented.  The  originator  of  the 
pavement  started  out  with  the  idea  of  improving  macadam  pavement,  but  his  experi- 
ments developed  the  pavement  to  such  an  extent  that  the  result  is  one  that  is  accepted 
as  standard.  Bitulithic  varies  from  sheet  asphalt  in  that  the  mineral  a^^egate  con« 
sists  of  stone  from  1  inch  in  diameter  downwards,  so  graduated  that  the  voids  shall  not 
be  le^ffl  than  20  per  cent.  The  plant  has  screens  and  scales  so  arranged  that  the  pro- 
portion of  the  different  sized  stones  shall  be  determined. 

This  pavement  has  been  used  to  a  very  great  extent,  especially  in  the  West,  and  it 
would  imdoubtedly  have  been  used  more  extensively  had  it  not  been  patented,  as 
many  municipalities  have  laws  prohibiting  the  use  of  patented  articles.    The  size 
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of  the  stone  being  so  great,  it  can  be  used  successfully  on  much  steeper  grades  than  can 
sheet  asphalt. 

Its  cost  varies  materially  in  different  sections  of  the  coimtry,  acceding  to  the  cost 
of  the  materials. 

STREET  SURFACES. 

It  is  extremely  important  that  the  surface  of  a  street,  no  matter  what  the  paving 
material,  be  kept  as  smooth  and  even  as  possible.  If  the  action  of  traffic  can  be  kept 
vertical,  the  wear  and  tear  will  be  that  much  less  than  if  it  is  uneven.  It  follows, 
therefore,  that  any  interference  with  the  surface  of  the  pavement  will  militate  against 
its  use.  As  in  a  block  pavement  all  blocks  should  be  of  the  same  degree  of  hardness, 
so  that  the  wear  shall  be  even,  so  in  a  street  surface  any  foreign  construction  should 
be  as  nearly  as  possible  of  the  same  degree  of  hardness  as  the  pavement  itself.  As 
most  of  the  foreign  constructions  in  a  street  pavement  are  of  steel  or  iron,  equal  wear 
can  not  be  obtained.  The  principal  foreign  introductions  in  a  street  pavement  are 
street-car  tracks  and  manhole  heads  for  subsurface  structures.  In  Europe,  nearly  all 
of  the  manholes  are  kept  in  the  sidewalk  space,  but  the  rails  of  the  street-car  tracks 
are  generally  in  the  roadway.  Traffic  passing  from  a  hard  material  to  a  soft  causes 
undue  wear  at  the  junction.  While  this  can  not  be  helped  it  can  be  obviated  to  a 
great  extent  by  having  the  hard  construction  as  nearly  rigid  as  possible  and  by  laying 
the  pavement  a  trifle  higher  than  the  rails  or  manhole  heads. 

The  presence  of  street-car  tracks  in  a  street  also  makes  the  cost  of  repairs  greater, 
as  the  traffic  is  confined  to  one  line  in  each  direction,  provided  there  is  much  street- 
car traffic.  In  1914  the  general  cost  of  repairs  to  asphalt  pavements  in  the  Borough 
of  Brooklyn,  New  York  City,  was  1.9  cents  per  square  yard  on  streets  that  did  not 
have  car  tracks,  while  on  car- track  streets  it  was  3.6  cents  per  square  yard,  making 
the  total  cost  over  the  entire  sheet  asphalt  pavement  area  out  of  guarantee  2  cents  per 
square  yard. 

Accepting  the  fact  that  streets  must  be  occupied  to  a  great  extent  by  street-car 
tracks  and  manhole  heads,  provision  should  be  made  in  every  case  that  these  struc- 
tures shall  be  so  laid  that  they  will  form  practically  no  obstruction  to  traffic,  but  be 
smooth  and  even  with  the  surface  of  the  pavement  and  kept  so.  It  is  possible,  and 
comparatively  easy,  to  lay  a  street-car  track  of  such  material  and  in  such  a  way  that 
it  will  present  practically  no  obstruction  to  traffic,  and  this  should  be  done  in  every 


With  the  style  of  rail  in  use  20  or  25  years  ago  this  was  not  a  simple  proposition, 
but  with  the  grooved  rails  of  to-day  no  trouble  will  be  experienced  in  carrying  out  the 
above  proposition,  if  the  work  is  properly  done. 

BEPAIB8. 

Figures  regarding  repairs  to  different  kinds  of  pavements  are  difficult  to  obtain  and 
are  often  misleading.  They  are  difficidt  to  obtain  because  municipalitiee  as  a  rule 
have  not  kept  their  accoimts  in  such  a  way  that  the  cost  can  be  easily  obtained  for 
any  particular  street.  The  statements  are  often  misleading,  because  nothing  is  known 
as  to  the  state  of  repair  in  which  the  streets  are  kept  and  whether  sufficient  money  has 
been  used  to  keep  them  in  repair. 

Another  important  item,  and  one  that  has  been  brought  forcibly  to  the  writer's 
attention  during  the  last  two  or  three  years,  is  the  condition  of  all  the  streets  of  a 
city.  If  certain  streets  are  kept  in  good  repair  and  others  in  poor  repair,  traffic  wiU 
naturally  seek  the  well-paved  streets,  and  consequently  the  wear  and  tear  on  these 
streets  be  abnormally  great.  If,  on  the  other  hand,  all  of  the  streets  in  a  city  are  in 
good  condition,  traflSc  seeks  the  nearest  way  from  one  point  to  another,  and  is  so  scat- 
tered that  the  wear  and  tear  are  reduced  to  a  minimum.  This  fact  is  shown  very 
plainly  in  the  case  of  repairs  in  the  Borough  of  Brooklyn,  where  during  the  past  four 
or  five  years  it  can  be  truly  said  that  practically  all  of  the  streets  have  been  in  food 
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condition;  the  result  is  that  the  pavement  repairs  have  been  very  materially  less, 
both  in  total  amount  and  in  unit  costs,  than  what  they  were  some  years  ago. 

It  seems  to  be  natural  for  the  American  people  to  think  that  after  any  structure  is 
completed  it  does  not  need  repairs.  In  fact,  it  is  said  that  some  years  ago  a  prominent 
city  in  this  country  sent  its  engineer  to  Europe  to  ascertain  what  material  should  be 
used  to  lay  a  permanent  pavement.  The  engineer  retiuned  and  reported  that  the 
only  thing  he  found  permanent  about  pavements  was  the  repairs.  The  old  adage 
**A  stitch  in  time  saves  nine"  applies  as  forcibly  and  specifically  to  street  pavements 
as  to  anything  else,  and  this  is  especially  true  of  the  bituminous  pavements. 

No  city  should  adopt  any  scheme  of  improved  pavements  without  a  complete  and 
adequate  system  of  keeping  the  same  in  repair.  This,  as  has  been  intimated,  will  be 
an  economical  as  well  as  a  proper  general  administration  matter. 

SIDEWALKS. 

Although  the  cost  of  constructing  sidewalks  is  materially  less  than  that  of  the  pave- 
ment proper,  the  sidewalks  themselves  are  of  great  importance,  and  their  condition 
reflects  as  much  the  city  administration  as  does  the  condition  of  the  pavements  them- 
selves. In  the  business  part  of  the  city  and  in  entirely  built-up  residential  sections 
it  is  customary  to  lay  a  sidewalk  on  the  entire  sidewalk  area,  from  property  line  to 
curb  line.  In  the  outlying  sections,  however,  where  houses  are  detached,  this  is  not 
the  case,  the  width  of  the  sidewalks  then  varying  according  to  the  importance  of  the 
street.  In  New  York  City  in  the  outlying  sections  it  is  customary  to  lay  the  sidewalks 
from  6  to  8  feet  in  width,  according  to  the  demands. 

Just  where  these  partial- width  walks  shall  be  laid  is  a  question  that  is  open  to  dis- 
cussion. In  some  instances  they  are  laid  next  to  the  curb,  and  in  others  a  space  is 
left  between  the  curb  and  the  sidewalk,  to  permit  of  the  planting  of  trees  or  sodding. 
AigumentB  can  be  used  in  favor  of  both  schemes,  but  it  can  be  said  that  in  cities 
where  there  is  much  snow  in  winter,  if  the  sidewalk  is  laid  to  the  curb  it  can  be  entirely 
cleaned  off,  leaving  only  one  side  of  snow,  whereas  if  a  space  exists  between  the  walk 
and  the  ciurb,  there  will  be  two  sides  of  snow  next  to  the  walk,  so  that  in  thawing 
weather  the  snow  will  melt  and  run  down  across  the  sidewalk  proper  from  both  sides. 

Sidewalks  are  constructed  of  stone,  brick,  and  Portiand  cement.  The  character 
of  the  stone  depends  upon  the  location  of  the  mimicipality.  Brick  is  used  now  to  a 
yery  small  extent,  but  in  former  days  it  was  in  common  use  in  Philadelphia  and 
Boston.  During  the  last  foiu:  or  five  years  it  is  probable  that  a  very  large  proportion 
of  the  sidewalks  laid  in  this  country  have  been  of  Portiand  cement  concrete.  The 
saateiials  for  this  work  can  be  found  in  almost  every  locality,  so  that  a  cheap,  diuuble, 
and  pleasing  sidewalk  can  be  obtained. 

A  brief  discussion  followed  the  reading  of  the  abstracts  of  the 
following  papers  which  are  here  printed  in  full: 

Notas  sobre  vias  de  comunicacidn  en  la  Repdblica  del  Ecuador,  by 
F.  Manrique. 

Estudio  general  de  la  construcci6n  y  conservaci6n  de  carreteras  y 
callesy  by  A.  Manrique  Martin. 


NOTAS  SOBRE  YlAS  DE   COMUNICACION  EN  LA   REPtBUCA  DEL 

ECUADOR. 

Por  FRANCISCO  MANRIQUE, 
Ex-Directar  Oeneral  de  Obrca  PUblicas  de  Ecuador. 

Todo  el  mundo  sabe  que  las  vfas  de  comunicaci6n  no  b61o  favorecen  el  deearroUo 
matecial  de  loe  pueblos,  sine  que  contribuyen  insensiblemente  a  consolidar  su  unidad 
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narional,  pero  a  peear  de  saberlo,  resolver  tan  importante  problema  en  corto  tiempo, 
no  68  igualmente  f&cil  en  todas  partes:  la  eecasez  de  poblaci6n,  la  extensi6n  territorial 
y  las  condiciones  topogrdficas  del  suelo,  lo  complican  mucho  en  algunos  palses;  por 
esto,  entre  otns  causas,  algunas  naciones  avanzan  lentamente.  Tal  ocurre  con  el 
Ecuador. 

Hay  mis:  en  algunos  palses,  como  ocunri6  en  Europa,  los  ferrocarriles  ban  tenido 
I>or  objeto  faeilitar  la  comunicacidn  entre  maaas  compactas  de  gente,  abaratando  la 
ciiculacidn  de  lo  que  una  industrla  grande,  ya  existente,  reclamaba  y  producia;  en 
otros,  como  Estados  Unidos  y  Argentina,  los  ferrocarriles  ban  sido  uno  de  los  elementos 
de  que  se  sirvi6  parte  de  la  naci6n  ya  consistente  por  su  cultura,  poder  y  riqueza  para 
desarrollar  un  interior  de  ficil  acceso  y  magnfficas  condiciones  industriales;  finalmente 
otros,  como  en  variaa  colonias  europeas,  donde  propiamente  no  existia  nada,  las 
diversas  metr6polis  construyeron  los  ferrocarriles  primero,  para  luego  aportar  al  pais 
todo  lo  necesarioy  inclusive  personal,  para  proceder  a  su  explotacidn,  tal  como  si  se 
tratara  de  una  propiedad  particular. 

En  el  primer  caso,  los  ferrocarriles  son  un  complemento  del  pro^eso  alcanzado  y 
se  costean  por  sf  solos;  en  el  segundo,  son  un  factor  de  progreeo  y  reclaman  a  la  naci6n 
un  pr^stamo  a  corto  plazo;  en  el  tercero,  son  base  cierta  de  progreso  material,  pero 
significan  un  gravamen,  a  largo  plazo,  redimible  cuando  el  desarrollo  colectivo  del 
pais  lo  permita. 

El  caso  de  mucbas  naciones  de  AmMca  ee  como  el  tiltimo  de  los  citados,  con  la 
diferencia  de  que  no  hay  metr6poli  que  coetee,  ni  aporte  su  concurso  para  completar 
la  obra  del  engrandecimiento  material.  En  este  caso  hay  que  hacerlo  todo  por  sf 
mismo,  con  los  propios  recursos,  sin  exponer  el  futuro  de  la  nacidn,  ni  en  lo  econ<Smico, 
ni  en  lo  politico;  hay  por  tanto  que  pensar  muy  juiciosamente  para  resolver  y  afrontar 
mucbas  dificultades  para  obrar. 

£1  Ecuador  estd  situado  en  la  America  del  Sur,  en  pleno  tr6pico;  a  cuatro  minutos 
de  Quito,  su  capital,  pasa  la  linea  equinocclal  que  le  di<S  nombre.  El  pais  se  extiende 
longitudinalmente  del  Pacifico  al  Braail  y  transversalmente,  o  sea  de  norte  a  sur, 
entre  Perti  y  Colombia.  Su  superficie,  incluyendo  la  region  disputada  por  el  Perti, 
es  de  300,000  kil6metro8  cuadrados,  su  poblaci<Sn  1,500,000,  approximadamente,  y  la 
denaidad  de  ella  4.6  habitantes  por  kil6metro  cuadrado. 

El  pais  estd  dividido  por  la  cadena  montafiosa  de  los  Andes  que  lo  atraviesa  de  norte 
a  sur,  hacia  el  tercio  de  su  longitud,  partiendo  del  Pacifico,  en  tres  regiones  de  car^ter 
y  condiciones  distintas,  hasta  en  lo  ^tnico.  El  sistema  de  los  Andes  estd  formado  por 
doe  potentes  Cordilleras  que  corren  paralelas,  cuyos  picos  se  alzan  hasta  mds  de  6,000 
metros,  unidas  entre  si  en  algunos  puntos  y  apoyadas  lateralmente  por  suceaivoe 
contrafuertes,  dejando  entre  las  dos  una  amplia  meseta,  que  es  la  regi6n  central  o 
interandina,  cuya  elevaci6n  media  puede  estimarse  en  3,000  metros  sobre  el  mar; 
hacla  el  este  de  los  Andes  se  extiende  la  regi6n  llamada  Oriental  o  Amaz45nica,  f ormada 
por  las  ampltas  faldas  de  la  Cordillera  que  en  lento  descenso  van  a  perderse  hacia  el 
centro  del  continente,  formando  gran  parte  de  la  cuenca  del  rio  Amazonas;  hacia  el 
oeste  se  desarroUa  la  region  coetanera,  comprendida  entre  el  Pacifico  y  los  Andes, 
que  por  esta  parte  descienden  mia  bruscamente. 

La  regi6n  oriental  es  la  mis  extensa  de  todas,  se  dice  que  eetk  escasamente  poblada 
por  tribus  indigenas,  y  aunque  es  casi  desconocida,  se  la  cree  riqulsima,  sin  que  haya 
propiamente  eetudios  ni  documentoe  que  puedan  comprobarlo;  su  acceso  es  muy 
difidl.  La  region  central  o  intemandina  es  relativamente  extensa  y  poblada;  en 
ella  estin  situadas  la^capital  de  la  Reptiblica  y  varias  capitales  de  Provincia,  que 
pueden  tenerse  ya  como  centros  propagadores  de  civilizaci6n  y  progreso;  las  con- 
diciones agricolas  de  la  regi6n  son  buenas  en  gran  parte,  en  ellas  se  cultivan  los  frutos 
de  las  zonas  templadas,  como  trigo  cebada,  etc.,  y  existen  extensas superficies  cubiertas 
de  paste  natural  donde  se  hace  en  mediana  escala  la  cria  de  ganado;  su  clima  es 
benigno  y  sano,  la  temperatura  media  puede  estimarse  en  15  grades  centfgradoe.    La 
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regidn  coetanera  es  bastante  extensa  y  poblada,  en  ella  se  encuentran  tambi^n  centres 
de  poblaci6n  animados  de  espfritu  progresista  y  civilizador,  especialmente  Guayaquil 
que  es  el  puerto  principal  y  la  metr6poli  comercial  de  la  Repdblica:  esta  zona  es  de 
cardcter  tropical,  se  cultivan  ya  en  ella  en  bastante  gran  escala  el  caf^,  el  caucho.  la 
cana  de  azucar,  la  tagua  y  el  cacao  cuya  producci6n  alcanza  ya  a  50,000  toneladas 
anuales. 

La  8ituaci6n  de  la  cordillera  de  los  Andes  decidi6  en  el  Ecuador  de  la  suerte  del 
sistema  de  sus  vfas  de  comunicaci6n,  esbozando  lo  que  debe  hacerse  y  el  orden  en  que 
deben  ejectutarse:  primero,  hay  que  comunicar  con  el  exterior  la  regi6n  interandina 
para  poder  llevar  a  ella  elementos  que  permitan  progresar;  conjuntamente,  o  despu^s, 
hay  quefavorecer  el  desarrollo  de  la  regi6n  costanera;  finalmente,  cuando  yala  naci6n 
sea  fuerte,  hay  que  imitar  a  Estados  Unidos  y  Argentina  invadiendo  el  Oriente  con 
caminos,  inmigraci6n,  y  dinero  para  poner  bus  misterioeas  riquezas  al  servicio  de  la 
naci6n  y  de  la  humanidad.  Respect©  a  este  dltimo  pun  to,  el  sentimiento  patri6tico 
y  el  criterio  oficial  no  estin  conformes  con  el  criterio  tecnico. 

En  vista  de  lo  que  antecede,  puede  decirse  en  t^rminos  generales,  que  el  Ecuador 
necesita  para  desarrollarse  materialmen te:  una  linea  principal  que  atraAiese  el  pais 
de  norte  a  sur  uniendo  todas  las  Provincias  interandinas;  varias  Hneas  secundarias  que 
conecten  estas  con  la  costa,  y  un  sistema  de  ferrocarriles  provinciales  o  de  interns 
local  para  la  regi6n  costanera. 

De  la  Hnea  principal  hay  construldos  de  Quito  a  Alausi  321  kil^metros,  de  las 
secundariajB  estd  hecha  la  mds  importante,  la  de  Alausi  a  Guayaquil  que  mide  143 
kil6raetros.  De  las  lineas  provinciales  existen  la  de  Manta  a  t^  anta  Ana,  la  de  Bahia 
a  Chone,  ambas  en  la  Provincia  de  Manabi,  con  un  total  entre  las  dos  de  150  kilo- 
metres pr6ximamente. 

Falta  pues,  por  lo  pronto,  prolongar  el  ferrocarril  central  de  Quito  hasta  Tulcdn, 
cerca  de  la  frontera  de  Colombia,  lo  que  estd  ya  oficialmente  decretado,  en  parte, 
reservdndose  hacer  para  mds  tarde  la  prolongaci(5n  de  la  misroa  linea  hacia  el  sur,  para 
dar  la  pref  erencia  a  dos  de  las  lineas  secundarias  que  comuniquen  de  una  vez  f  dcilmente 
las  Provincias  de  Canar,  Azuay  y  Loja.  Falta,  adem^,  continuar  la  red  de  ferrocarriles 
provinciales  en  las  Provincias  de  Esmeraldas,  Manabi  y  Guayas.  La  Provincia  de 
lo6  Rios  no  requiere  por  si  misraa  vias  ferreas  porque  cuenta  con  una  magnifica  red 
fluvial;  se  necesita  si,  una  conexi6n  entre  el  puerto  de  Babahoyo  y  Guaranda,  capital 
de  la  Provincia  de  Bolivar,  para  favorecer  el  acceso  a  esta  8ecci6n  de  la  Republica. 
La  Provincia  del  Oro,  dotada  tambi6n  de  rios  y  situada  a  orillas  del  mar,  en  cuyas 
costas  terminardn  seguramente  los  ferrocarriles  de  las  Provincias  del  sur,  no  reclama 
para  si  lineas  particulares. 

Para  aUmentar  este  sistema  ferroviario,  no  debe  pensarse  en  mds  ferrocarriles;  no 
solamente  por  no  complicar  su  soluci6n  econ6mica  sino  por  que  ellos  vendrdn  a  impo- 
neree  con  el  desarrollo  future  del  pais,  entre  tan  to  bastard  con  un  buen  sistema  de  carre- 
teras  y  caminos  de  recuas,  de  cardcter  provincial  e  inter^  local,  para  cuya  construc- 
ci6n  colaborardn  eficazmente  los  municipios  de  toda  la  Repdblica  y  atin  los  agricultores. 

Apreciando  en  ntimeros  redondos  la  longitud  de  las  vias  de  que  se  viene  hablando, 
se  tendria  lo  siguiente: 


Ferrocarriles* 

Kil6metros. 

Linea  principal 800 

LineaJB  secundarias 500 

Lfneas  provinciales 700 


2,000 


Carreteras  y  caminos. 

KU6metros. 
Carreteras  de  6  y  8  metres  de  ancho.  1, 000 
Caminos  de  dos  metres 2, 000 


3,000 


Como  se  sabe,  en  materia  de  vias  de  comunicaci6n  es  casi  un  imposible  dar  pre- 
Bupuestof  generales  de  alguna  precision,  pues  las  condiciones  locales  hacen  variar  com- 
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pletamente  todoe  loe  elementoe  que  sirven  para  detennlnar  el  coeto;  pero  no  obstante, 
cuando  se  trata  de  valorar  estudios  de  este  g^nero,  en  forma  tan  amplia  como  aqui  se 
hace,  es  costumbre  aceptar  como  bnenos  loe  promedioe  obtenidos  de  la  compaiacI6n 
de  obras  del  mismo  car&cter  en  palsee  de  condicicmes  semejantes.  Con  el  fin  de  fijar 
loe  precioe  aproximados  que  eiguen  mis  adelante,  para  el  caso  presente,  hemoe 
comparado  loe  resultadoe  obtenidoe  en  el  Perd,  en  Venezuela,  en  el  Paraguay  y  en  el 
Ecuador. 

Coito  hilometrioo. 

Ddlares. 

1.  Vfas  principales  y  secundarias — trocha  de  1.07  ms.  en  regi6n  montafiosa.  80,000 

2.  Vfas  secundarias,  trocha  igual,  region  liana,  algo  quebrada 30, 000 

3.  Carreteras,  mds  o  menos  accidentadas 10, 000 

4.  Caminos  de  recuas 4, 000 

De  las  vfas  expresadas  hay  construfdas,  pr6xlmamente,  500  kil<jmetroe  de  la  principal 

y  200  provinciales.    En  consecuencia  lo  que  feilta  por  hacer  es: 

D(5  lares. 

300  kil6metros,  vfas  principal  y  secundarias 24, 000, 000 

300  kil6metros  vfas  principales 9, 000, 000 

1, 000  kil6metros  carreteras 10, 000, 000 

2, 000  kil6metroe  caminos  de  recuas ^ 8, 000, 000 

3, 600  kil6metroe  varias  vfas 51, 000, 000 

Para  ejecutar  estas  obras,  el  Ecuador,  en  el  memento  actual,  puede  destinar  la  simia 
de  2  millones  de  d<51ares  anuales,  sin  restringir  los  dcm^  servicios  pdblicos,  con  s61o 
aplicar  a  ello  la  partida  Uamada  de  obras  ptliblicas,  agregdndole  algunas  otras  destinadas 
a  trabajos  de  cardcter  provincial,  toda  vez  que  las  vfas  de  comunicacidn  son  de  impor- 
tancia  vital  colectiva. 

Pretender  ejecutar  este  proyecto  lentamente  con  la  inversidn  anual  de  la  suma 
expresada  tomarfa  mucho  tiempo,  segiuramente  mds  de  un  cuarto  de  siglo.  Esto  serfa 
perder  el  tiempo  propiamente  hablando,  cuando  el  cr^dito  permite  sin  riesgos  ni 
peligros  ganar  ese  tiempo  y  hacer  avanzar  el  pals  rdpidamente.  Tal  han  hecho  y 
seguirdn  haciendo  todas  las  naciones,  grandes  y  pequenas. 

Si  no  se  quiere  Uevar  a  cabo  una  gran  operaci6n  econ6mica,  que  empiece  por  la 
consolidacidn  de  todas  las  deudas  para  redimir  valiosas  rentas  destinadas  hoy  al  ser- 
vicio  de  multiples  operaciones  pequefias,  para  ejecutar  con  su  producto,  de  un  golpe, 
en  el  transcurso  de  10  a  15  afLoe,  no  solamente  todo  el  plan  de  vfas  de  comunicaci6n 
aqui  esbozado,  sine  realizando  otras  de  gran  alcance  como  puertos,  higienizacion  de 
ciudades  principales  y  exploraci6n  de  las  extensas  regiones  petrolfferas  que  tiene  el 
pafs,  que  serfa  lo  mds  econ6mico  y  juicioso,  puede  en  todo  case  hacerse  una  operaci6n 
parcial  por  la  suma  que  sea  poeible  garantizar  con  los  2  millones  de  ddlares  expresados 
u  otorgar  concesiones  ferroviarias  con  garantfas  suficientes  para  hacer  al  menos  los 
ferrocarriles  principales  y  secundarioe  y  parte  de  la  red  de  carreteras  y  caminos,  con- 
fiando  el  resto  al  porvenir  para  cuando  el  autodesarroUo  del  pafs,  provocado  por  el 
aumento  de  vfas  de  comunicaci6n,  permita  dentro  de  10  o  15  anos  mds  que  se  le  d6 
otro  impulse.  Para  realizar  la  operaci6n  que  antecede  y  aun  la  gran  combinaci6n 
finandera  expresada,  no  hay  propiamente  obstdculo  alguno;  las  rentas  nacionales  son 
suficientes  para  afrontar  cualqiiiera  de  las  dos  operaciones,  porque  si  a  los  2  millones 
dtados  se  agregan  las  sumas  destinadas  al  servicio  de  las  varias  deudas  y  se  establece  el 
estanco  del  aguardiente  y  del  tabaco,  sobraria  dinero  con  que  hacer  la  consorLdaci6n 
de  la  deuda  y  levantar  el  pafs  de  un  solo  golpe  al  grade  de  progreso  que  reclama  y 
merece,  para  que  pueda  explotar  bus  grandes  riquezas  naturales. 

Es  indudable  que  en  los  primeros  afios  los  ferrocarriles  no  tendrfan  todo  el  trdfico 
necesario  porque  actualmente  no  se  puede  con  tar  sine  con  un  movimiento  total  de 
200,000  toneladas  anuales,  compuesto  de  145,000  que  representan  el  movimiento 
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con  el  exterior  y  55,000  aproximadante  que  puede  representar  el  intercambio  de  pro- 
ductos  de  la  r^6n  interandina  y  la  coetanera.  Pero  no  hay  que  dudar  de  que  esa 
cifra  aumente  progresivamente  desde  que  se  entreguen  las  nuevas  Ifneas  al  tr^co, 
haata  asegurar  su  libre  soetenimiento  y  ponerlas  en  condiciones  de  negocio.  En  el 
Uruguay,  que  es  uno  de  los  paiises  del  continente  que  se  ha  desarrollado  de  manera 
m4s  s61ida  y  normal,  a  peear  de  bus  frecuentee  convulsiones  polfticaa,  hasta  hace  algtin 
tiempo,  en  el  afio  1879  se  entreg6  al  servicio  ptiblico  la  primera  parte  de  su  ferrocanil 
central  y  10  afloe  m^  tarde  la  poblaci<Sn  nacional  habfa  aumentado  de  438,000  a 
683,000  habitantes,  el  comercio  exterior  habla  ascendido  de  32,000,000  a  62,000,000  de 
pesos  oro,  y  hoy  que  su  red  ferroviaria  cuenta  2,500  kil6metros  y  su  poblaci6n  es  de 
m^  de  un  mill6n  y  cuarto  de  habitantes,  en  vista  de  las  estadisticas  de  1,908  a  1,912, 
puede  decirse  que  el  trdfico  ferroviario  aumenta  alld  un  25  por  ciento  en  cada  cuatro 
afioe.  Si  de  igual  manera  se  estudiara  laocurrido  en  otros  palses  se  llegarfa  seguramente 
a  resultados  semejantes.  Desde  luego  debe  sobre  entenderse  que  no  puede  presumirse, 
que  tales  aumentoe  de  poblaci6n  y  trifico  sean  la  obra  exclusiva  de  los  ferrocarriles; 
a  estos  resultados  contribuyen  sin  duda  otras  muchas  causas,  pero  entre  ellas  los 
ferrocarriles  conservan  siempre  un  cadtcter  fundamental. 

No  hay  que  temer  de  las  vlas  de  comunicaci6n  si  se  emplean  juiciosamente  los 
ferrocarriles.  Constrdyase  lo  principal,  lo  necesario;  complem^ntese  el  sistema  fe- 
rroviario con  carreteras  y  caminos  de  herradura  buenos  y  el  exito  serd  seguro  y  quedardn 
conjuradas  para  lo  futuro  las  complicaciones  econdmicas  y  politicas.  £n  ninguna 
forma  podrdn  los  gobiemos  emplear  de  manera  m^  productiva  los  recursos  de  las 
naciones.  Todo  esto  es  viejo  en  todas  partes,  pero  aim  hay  que  repetirlo  mucho  en 
Sud  America,  hasta  que  se  haga  saltar  el  agua  de  la  roca. 

La  idea  vieja  ya  de  que  el  Ecuador  haga  una  operaci6n  econdmica  importante 
para  atender  a  la  ejecucidn  de  las  grandes  obras  que  la  era  actual  impone  a  las  naciones 
que  quieran  avanzar  no  es  aventurada  ni  riesgosa,  porque  se  cuenta  con  dos  elementos 
poderosos  para  respaldarla:  primero,  las  condiciones  ^tnicas  de  la  poblaci6n;  segundo, 
el  valor  efectivo  de  la  riqueza  nacional. 

El  Ecuador  debe  tener  m^  del  mill6n  y  medio  de  habitantes  que  se  le  asigna 
oficialmente  porque  el  dato  es  muy  anticuado;  casi  toda  su  poblaci6n  estd  completa- 
mente  cruzada,  menos  unos  200,000  indios  que  viven  ajenos  a  la  civilizaci6n  y  una 
minima  parte  de  origen  africano  que,  por  escasa,  no  puede  tomarse  en  cuenta,  lo  que 
quiere  decir  que  la  masa  de  gente  que  puebla  el  pais  es  apta  tanto  para  consumir  como 
para  producir  proporcionalmente  al  progreso  que  se  le  aporte,  lo  que  es  garantfa  segura 
de  capacidad  para  resistir  las  obligaciones  que  impone  el  credito  y  a  las  cuales  se 
provee  por  medio  de  impuestos  que  tienen  origen  en  el  consiuno  y  en  la  producci<Sn. 

En  cuanto  a  la  riqueza  nacional,  puede  estimarse  indirectamente  asf :  las  exporta- 
ciones  del  pais  valen  como  promedio  12.000.000  de  d61ares  y  estimando  esta  suma 
cdmo  rendimiento  de  un  capital  colocado  al  6  por  ciento  anual  reeulta  que  el  valor 
actual  de  la  riqueza  nacional  puede  fijarse  en  .00.000.000  de  d61ares,  pero  si  se  con- 
sidera  que  la  exportaci6n  es  tlnicamente  producto  de  la  regi6n  costanera  y  que  la 
interandina  no  contribuye  a  ello  por  falta  de  medios  de  comimicaci6n  fdciles,  puede 
elevarse  la  cifra  anterior  a  la  suma  de  400.000.000  de  ddlares  el  dla  que  las  vfas  de 
comunicaci6n  den  salida  a  los  productos  de  esa  dltima  regidn. 

Si  se  toma  finalmente  en  cuenta  que  la  extenai6n  culti  \  ada  del  pals  alcanza  cuando 
mds  a  un  tercio  de  su  superflcie  total,  resulta  que  hay  adn  200,000  kil6metro8  cuadrados 
laborables,  que  en  un  futiuro  m^  o  menos  remote,  pero  seguro,  permitirdn  ele\ar  el 
\alor  de  la  riqueza  nacional  a  la  considerable  cifra  de  I.lOO.000.000  de  d61areB  si  se 
les  supone  una  producci6n  semejante  a  lo  ya  cul tirade. 

Si  por  otra  parte  se  piensa,  que  el  presupuesto  de  ingresos  actual  alcanza  a  10.000.000 
de  d61ares,  resulta  que  los  impuestos  que  determinan  la  renta  del  estado  no  represeur 
tan  m4s  que  el  0.05  por  ciento  del  valor  de  la  propiedad  actualmente  en  vlas  de  de- 
sarroUo. 
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El  cdlculo  indirecto  que  antecede  ensefia  que  en  un  future  imnediato,  tan  pronto 
como  haya  vlas  de  communicaci6n  suficientes,  el  trdiico  y  la  renta  del  estado  aacende- 
r&n  cuando  menos  al  doble  y  en  (Utlmo  t^rmino,  que  aunque  no  f uera  asf  la  nacl6n  re- 
sistuia  perfectamente  el  aumento  de  impuestos  destinados  a  obtener  todo  el  capital 
que  Be  requiere  para  ejecutar  r&pidamente  todas  las  obras  que  le'\  antardn  el  pais  al 
rango  que  debe  ocupar  en  el  continente. 

Respecto  a  forma  y  manera,  o  plan  econ6mico,  que  se  debe  seguir  en  la  ejecuci6n  de 
lo8  ferrocarrilee  mucho  habria  que  decir,  pero  parece  ahora  extemporineo.  En  prin- 
cipio  y  en  muchas  partes  se  ha  preferido  dejar  la  construcci6n  y  propiedad  de  las  \  las 
f^rreas  a  los  particulares  y  los  eneayos  hechos  en  algunas  naciones  tomindolas  el  estado 
a  su  cargo  no  son  propiamente  alentadores.  Los  Estados  Unidos  son  un  ejemplo  del 
buen  resultado  obtenido  con  el  primer  m^todo  y  Alemania  es  quiz^  la  tinica  excep- 
ci6n  brillante  con  que  cuenta  el  segundo.  No  obstante  eeto  no  hay  criterio  t^nico 
fijo  al  respecto  y  en  Am^ca  se  encuentran  aplicados  indistintamente  ambos  procedi- 
mientoe. 

Como  objeci<Sn  fundamental  a  la  idea  de  que  el  Estado  haga  y  administre  los  ferro- 
carriles  del  Ecuador,  puede  decirse  que  los  ecuatorianos  no  son  sajones  y  que  el  Estado 
es  casi  siempre,  en  todas  partes  el  peer  administrador.  Sin  embargo  de  no  ser  el  pais 
ajeno  a  esta  manera  de  pensar  el  Gobiemo  tiene  un  criterio  distinto  y  el  Estado  ha 
emprendido  hace  poco  directamente  el  estudio  y  con6trucci6n  de  las  Ifneas  de  Ambato 
al  Curaray,  de  Huigra  a  Cuenca  y  de  Puerto  Bolivar  al  Zamora  e  indirectamente  el 
de  Guayaquil  a  Santa  Elena. 

En  el  Ecuador  seria  de  recomendar  que  el  Estado  formulara  el  plan  general  e  hiciera 
el  estudio  completo  del  sistema  ferro\  iario  y  luego  entregara  la  con8trucci6n  y  adminis- 
traci6n  a  grandee  compafilas,  por  medio  de  concedones,  garantizando  un  inter^ 
lacional  sobre  el  capital  in\  ertido,  o  siguiera  el  sistema  proteccionista  empleado  por 
los  Estados  Unidos  en  sus  primeroe  tiempos,  perfeccionado  posteriormente  por  el 
Canada  para  fomentar  el  desarrollo  de  sus  ferrocarriles,  por  medio  de  primas  Idlom^tri- 
cas  en  dinero  y  en  terrenes,  conservando  en  todo  case  derecho  al  control  de  las  llneas 
y  fijacidn  de  tarifas  y  recibiendo  la  propiedad  de  ellos  al  tannine  de  90  afios.  Debe 
por  lo  dem4s no  ohidarse  que  pafses  como  el  Ecuador  no  pueden  ofrecer  al  capital  loB 
halagos  inmediatos  que  encontr6  en  los  Estados  Unidos  y  en  el  Oanadd  que  por  tanto 
debe  ser  ampliamente  liberal  para  atraerlo  y  profundamente  honesto  para  no  dejarlo 
peligrar. 

Pero  lo  mia  importante  en  este  asunto,  mds  que  el  plan  t6cnico  y  econ6mico,  es 
que  la  voluntad  nadonal  conaagre  pensamiento  y  esfuerzoe  a  concretar  el  vago  senti- 
miento  que  a  este  respecto  y  a  todo  lo  que  dice  referenda  al  progreso  del  pais  flota  en 
el  Ecuador  en  todas  partes  y  en  todos  los  cerebros  de  la  generalidad  de  bus  hombres, 
peio  que  por  dec^gracia,  sea  por  deeconfianza  en  las  fuerzas  del  pais,  por  arraigados 
prejuidos  de  raza,  o  defectos  de  educaci6n  no  llega  todavla  a  condensarse. 

Es  neceaaiio  hacer,  obrar;  es  necesaiio  que  los  gobiemos  luchen  por  ello  y  que  el 
pueblo  ponga  a  un  lado  suspicacias  y  apoye  a  los  que  dirigen  el  Estado  en  este  sentido, 
aean  quienes  fueren.  Si  no  se  hace  asf,  serd  imposible  deepertar  al  pals  y  la  inercia 
devorard  las  fuerzas  latentee  que  tiene  todavla  a  pesar  del  siglo  de  inconsciencia  que 
acaba  de  desaparecer  felizmente  para  la  America  que  se  llama  Latina. 

Menos  ideaUsmo  politico  y  m^  realidad  administrativa;  este  debe  ser  el  lema 
comtin  del  pueblo  y  del  Ck>biemo. 
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CARRETERAS  Y  CALZADAS  AUTOMOVILIARIAS ELEMENTOS. 

Por  A.  MANRIQUE  MARTIN, 
Ex-Profesor  de  la  Eseuela  Militar  de  Colombia  y  Miembro  de  la  Sociedad  Colombiana 

dc  Ingcnieros. 

PRIMER  A  PARTE. 

I.   IMPORTANCIA   DE«LA8   CARRETERAS   EN   COLOMBIA. 

Es  tema  ya  indiscutible,  y  verdaderamente  general,  la  importancia  tan  grande  que 
tienen  las  viaa  de  comunicaci6n.  Es  una  red  tendida  sobre  el  globo  de  la  tierra  que 
comunica  en  todos  sentidos  el  progreso  que  se  abre  de  una  Naci6n  a  otra.  El  estudio 
de  las  carretera^  con  las  mejoras  y  modificaciones  modemas,  hace  como  se  verd  en  la 
comparaci6n  que  se  va  a  establecer,  una  de  las  principales  vfas  de  comunicaci6n 
de  capital  importancia  para  Colombia.  Las  carreteras  contribuyen  hasta  tal  i)unto 
al  desenvolvimiento  de  los  intereses  materiales,  que  basta  conocer  en  un  pais 
cualquiera  las  relaciones  que  existen  entre  la  longitud  de  aquellia,  la  extensi6n 
superficial,  y  el  numero  de  habitantes,  para  formarse  una  idea  cabal  del  grade  de 
cultura  y  de  la  riqueza  de  la  Naci6n.  A  primera  vista  pudiera  creerse  que  s61o  a  las 
vias  mds  perfeccionadas  a  los  ferrocarriles,  cabe  atribuir  interes  tan  prominente,  y 
que  a  medida  que  estos  se  extienden,  debe  ir  disminuyendo  la  atenci6n  que  antes  se 
consagraba  a  otros  medios  de  comunicacion,  mds  modestos  y  de  menos  potencia  de 
txasporte. 

Este  razonamiento  es  exacto  en  cuanto  se  apUque  a  las  grandes  arterias  que  enlazan 
la  Capital  de  un  Estado  con  las  coetas,  a  las  que  sigan  las  corrientes  de  rfos  caudalosos  y 
a  algunas  otras  que  se  destinen  a  satisfacer  altos  intereses  comerciales  o  de  Gobierno, 
pero  en  cambio  los  ferrocarriles  imponen  cada  dfa  en  mayor  escala  la  con8trucci6n  de 
nuevas  carreteras,  que  acerquen  a  ellos  los  centros  de  producci6n  y  consume. 

Lejos  de  entibiarse  el  celo  por  la  ejecuci6n  de  caminos  se  ve  que  de  continue  las 
empresas,  los  pueblos,  y  los  representantes  del  pais  claman  por  que  se  construyan 
pronto  los  ya  inclufdos  en  el  plan,  y  el  Gobierno,  por  su  parte  atiende,  en  la  medida  que 
lo  permiten  los  erudites  legislatives  a  tan  interesante  ramo  de  los  servicios  publicos. 

n.    VEHfCULOS  Y  MOTORES. 

Es  de  suma  evidencia  que  los  vehfculos  y  motores  que  han  de  atravesar  una  via  de 
comumcaci6n,  tengan  con  esta  dltima  una  relaci6n  proporcional,  que  es  necesario 
determinar;  sin  embargo  es  un  asunto  que  basta  con  ideas  muy  generales,  para  darse 
cuenta  de  su  mayor  utilidad. 

Loe  principales  vehlculos  que  generalmente  frecuentan  una  carretera  se  pueden 
suponer  divididos  en  dos  clases:  Los  primeros  consideradoe  como  vehiculos  de  trasporte 
de  mercancias,  tales  son  los  carros  de  resorte,  los  de  yunta,  carretas,  camiones,  etc.;  y 
los  segundos  que  conducen  los  correoe,  viajeros  como  son:  6mnibu8,  diligencias, 
coches,  autom6vile8,  etc.  La  diferente  especificaci6n  de  estos  vehiculos  puede 
considerarse  conocida. 

Motores. — Los  motores  generalmente  empleados  son  los  bueyes,  para  los  carros,  y 
caballerias,  mayores  y  menores  como  caballos,  mulas  y  asnos  para  los  dem^  camiajee. 
El  trabajo  desarroUado  por  cada  uno  de  estos  motores  depende  de  las  circuustancias 
siguientee:  (1)  su  peso;  (2)  la  carga  que  arrastran;  (3)  la  velocidad  de  marcha  y  (4)  el 
esfuerzo  medio  que  de  6II06  puede  exigirse. 

Pe90  de  los  motores. — Hay  que  considerar  para  esto  el  alza,  o  sea  la  altura.  Se  puede 
considerar  que  para  los  caballoe  oecila  entre  1  y  1.60  metres;  por  consiguiente  el  peso 
vada  entre  300  y  500  kilogramoe.  De  los  datos  recogidos  se  ha  podido  observar  los  de 
400  kilogramoe  para  loe  caballos  de  camiaje,  de  300  kilogramoe  para  loe  de  carga,  etc. 
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Cargas  que  pueden  arrattrar. — Las  cargaa  que  pueden  arrastrar  IO0  motores,  dependen 
naturalmente  del  ntimero  de  motores  que  pongan  a  funcionar,  del  perfil  de  la  via,  y 
del  modo  de  enganche.  La  experiencia  ha  demostrado  que  el  esfuerzo  utilizable 
disminuye  con  bastante  rapidez  a  medida  que  aumente  el  ntimero  de  motoree  que 
constituyen  el  tiro;  de  tal  manera  que  si  representamoe  por  (1)  el  peso  arrastrado  por  uji 
caballo,  se  reducen  respectivamente  a  0.91,  0.89,  y  0.76  cuando  en  la  traccidn  se 
aprovechan  tres,  cuatro  0  cinco  caballerlas.  Se  ha  observado  igualmente  que  el  mejor 
modo  de  enganche  es:  poniendo  el  ndmero  de  motoree  pareados;  pues  cuando  van 
colocados  en  varias  filas  tienen  que  veneer,  no  s61o  las  resistendas  a  la  rodadura,  sino  a 
las  guamiciones  de  enlace  y  adem^  los  motores  no  tiran  en  la  misma  direcci6n  de 
manera  que  sus  esfuerzos  se  destruyen  parcialmente. 

Vdoddad  de  la  marcha, — Como  es  sabido  las  caballerias  pueden  marchar  a  tres  aires: 
paso,  trote  y  galope;  mas  las  velocidades  dependen,  no  s61o  de  la  clase  del  animal,  sino 
de  las  condidones  del  individuo,  y  de  las  resistencias  que  tengan  que  veneer.  Las 
velocidades  para  los  caballos  varian  entre  0.40  y  1.80  por  segundo  para  el  aire  de  paso; 
de  2  a  5  metros  para  el  trote  y  con  el  de  galope  Uegan  a  15  y  16. 

Es/uarzo  deaarrollado. — £1  caballo  considerado  como  motor,  es  ima  miquina  capaz  de 
transformar  parte  de  su  esfuerzo  en  trabajo  titil.  No  se  ha  podido  calcular  de  una 
manera  exacta,  la  potencia  absoluta  que  desarrolla;  sin  embargo  se  sabe  que  es  pro- 
pordonal  a  su  peso,  y  se  puede  calcular  aproximadamente  el  ntimero  de  kilogrametroB 
diaries  multiplicando  su  peso  p(v  10,000.  Ahora,  respecto  al  trabajo  titil  es  mis  fdcil 
determinar;  pues  si  representamos  por  e  el  esfuerzo  en  un  instante  dado,  por  v  la 
velocldad  y  por  I  el  tiempo;  el  trabajo  elemental  ser&  evl;  y  si  representamoe  con  T 
una  durad6n,  el  trabajo  diario  ser&  ev  T. 

£]  caballo,  como  todos  los  motores  animados  tiene  que  producir  ademis  del  esfuerzo 
de  tracci6u,  el  necesario  para  veneer  las  resistencias  que  presenta  su  organismo,  este 
puede  suponerse  propgrcional  a  su  peso  y  repreeentarse  por  J?p,  siendo  R  un  coefi- 
ciente  que  no  es  constante,  pues  depende  de  la  velocidad  para  cada  clase  de  animal. 
El  trabajo  total  o  sea  el  debido  a  las  resistencias  pasivas  y  a  la  traccion,  se  llama  fatiga 
y  se  representard  por 

(e-{-Ep)vdt 
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Descripcidn  y  ejecucidn  de  las  obras. — Si  el  terreno  sobre  cl  oual  se  proyecta  trazar  un 
camino  fuera  perfectamente  conslstente,  y  no  cediera  deprimi^ndose,  al  paso  de  la 
circulacion  de  vehfculos  y  motores,  y  mds  aiin  si  bu  inclinaci6n  no  pasara  de  los 
Ifmites  convenientes,  no  harfa  falta  constniir  obras  de  ninguna  eepecie  p>ara  esta- 
blecer  un  camino;  pero  eato  no  ocurre  nunca,  y  es  necesario  as^urar  el  trifico  en 
condiciones  adecuadas,  y  para  ello  se  requiere:  1<*  Disponer  de  una  plataforma,  en  el 
mejor  terreno  posible,  teniendo  unas  veces  partes  mis  bajas;  otras,  mis  altas,  que  el 
terreno  natural;  para  obtener  que  su  inclinaci6n,  no  pase  de  limites  demasiado  exa- 
geradoe  y  2^  darle  a  la  plataforma  un  ancho  conveniente,  para  la  facilidad  del  trifico 
y  construirla  de  suerte  que  no  se  deteriore  ficilmente. 

Para  cumplir  la  primera  condici<Sn  es  necesario  hacer  obras  de  explanaci6n,  o  sean 
los  desmontes  y  terraplenes  necesarios,  para  obtener  un  perfil  longitudinal  lo  mis 
aceptable  posible,  es  decir  que  sus  pendientes  o  inclinaciones  con  el  horizonte  sean  lo 
mis  com6da8  posiblee  para  su  buena  circulaci6n. 

Como  es  natural  las  aguas  deteriorau  un  camino  con  suma  rapidez  ya  las  que  pro- 
vienen  de  los  terrenes  adyacentes,  ya  las  que  caen  directamente  sobre  el  piso;  para 
evitar  esto,  hay  que  dejarle  al  piso  del  camino  cunetas  longitudinales,  y  darle  la  forma 
convexa  a  la  secci6n  trasversal,  con  el  objeto  de  que  las  aguas  vayan  a  las  cunetas  y 
de  6etas,  salgan  a  puntos  escogidos  ad  hoc. 

La  forma  convexa  de  la  seccidn  trasversal,  se  hace  de  materiales  muy  diversos  pero 
generalmente  es  la  piedra  partida  y  recibe  el  nombre  de  "firme"  o  "afirmado." 
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Tambi^n  es  necesario,  para  asegurar  el  tr&nsito  construir  muroe  de  sostenimiento  para 
lo8  terraplenes  y  muros  de  contenci6n  para  los  cortes,  hay  que  verificar  confltrucciones 
para  ealvar  fuertes  depresionee  y  para  corrientes,  en  una  palabra  las  obras  de  fibrica 
o  de  arte;  y  finalmente  las  obras  accesorias  cuyo  objeto  principal  ee  dar  seguridad  a 
los  traseiintes,  facilitar  los  servicios  de  construcci6n  y  contiibuir  al  omato  en  el  inte- 
rior 0  en  la  proximidad  de  las  poblaciones. 

Obraa  de  ezplanad&n, — ^Las  obras  de  explanacidn,  no  comprenden  en  realidad  aino 
los  desmontes  y  terraplenes;  pero  tambi^n  insertaremos  aquf  las  dispofliciones  admi- 
tidas  para  la  caja  del  firme,  y  las  cunetas. 

DetmorUes  y  terraplenes, — Un  perfil  de  camino  puede  estar  en  deemonte  terrapin  o 
ladera,  cuando  la  altura  de  \m  corte  es  igual  a  uno  y  otro  lado  del  eje  se  denomina 
trinchera.  Esta  altura,  tanto  en  los  desmontes  como  en  los  terraplenes  dependen 
de  la  estructura  topogrifica  del  terrene,  y  de  la  tunica  con  que  se  ha  proyectado 
la  via.  En  ciertas  ocasiones  para  evitar  fuertes  cortes  se  precede  a  practicar  galerlas 
subterr&neas  o  tdneles  los  cuales  ser&n  practicadoe  en  el  caso  de  que  sean  verdadera- 
mente  mis  econ6micos  que  un  corte,  y  adem&B  que  sean  relativamente  cortos  y  pueden 
tener  luz.  El  ancho  de  los  ttlneles,  puede  ser  de  4.50  a  5  metres,  y  su  altura  de  5  a  6 
metres. 

Taludes. — Segtin  la  calidad  y  clase  de  tierras,  se  puede  fijar  el  talud  que  debe  tener 
un  desmonte,  el  cual  se  tratard  de  dejar  lo  m^  refinado  posible  para  que  la  aguas  no  se 
estanquen  y  produzcan  derrumbes.  En  los  desmontes  de  tierra  floja  se  suele  dejar 
un  talud  de  1  de  base  por  1  de  altura;  el  de  1  por  2  o  por  3  en  tierras  diu'as  y  compactas 
el  de  1  por  4  o  5  en  las  rocas  flojas  y  el  de  1  por  10  en  las  duras. 

Caja. — ^Las  dimensiones  de  la  caja  dependen  mucho  de  las  del  firme.  Hay  dos  maneias 
de  hacer  el  piso  de  la  caja  convexo  u  horizontal,  conviene  el  primer  sistema  cuando 
los  materiales  de  que  se  compone  el  firme  tiene  f  ormas  geom^tricas  pues  en  los  afirmados 
de  materiales  irregulares  es  mis  conveniente  usar  el  fondo  horizontal.  Algunos 
autores  temen  a  los  fondos  horizontales  por  lo  que  el  agua  infiltr&ndoee  pudiera  quedar 
estacionada  pero  en  ese  caso,  se  colocan  las  cunetas  a  imos  0.12  a  0.15  por  bajo  de 
dicho  fondo;  y  se  pone  de  trecho  en  trecho  imos  drenes  que  comimican  con  las  cunetas. 

Curutas. — Como  ya  se  dijo  antes,  el  principal  objeto  de  las  cunetas  es  recibir  las  aguas 
de  los  terrenes  vecinos  y  las  que  caigan  directamente  sobre  el  camino.  Estas  cunetas 
van  en  el  sentido  longitudinal  del  camino,  en  uno  y  en  otro  lado,  sin  embargo  cuando  la 
parte  correspondiente  de  camino  va  sobre  un  terrapl^n,  es  innecesaria  la  hechura  de 
las  cimetas;  pues  con  facilidad  las  aguas  pueden  rodar  sobre  los  taludes. 

Las  cunetas  tienen  seccidn  trapecial;  el  costado  exterior  sigue  la  inclinaci6n  del 
talud  del  desmonte,  y  el  interior  el  conveniente  para  que  las  aguas  rueden  con  suma 
facilidad.  La  base  menor  del  trapecio  es  generalmente  de  0.30  a  0.50;  y  la  altura 
depende  del  espesor  del  firme,  m^  la  necesaxia  para  que  el  fondo  de  la  cuneta,  quede 
mis  abajo  del  fondo  del  firme.  La  pendiente  o  incliuacidn  de  las  cunetas,  es  la  misma 
que  la  del  firme,  sin  embargo,  en  ocasiones  cuando  la  via  va  a  nivel,  se  le  da  a  la  cuneta 
im  pequefio  descenso,  que  generalmente  es  del  2  por  1,000. 

Ejecuei&n  de  las  obras  de  explanacidn — replanteo. — ^Antes  de  dar  principio  a  las  obn  d 
de  explanacidn,  es  necesario  determinar  con  exactitud  el  eje  del  camino  y  los  anchoe 
que  ha  de  tener.  Cuando  en  esta  operacidn  se  encuentran  las  estacas  del  estudio 
preliminar,  la  operaci6n  ee  muy  sencilla;  pero  por  lo  general  no  se  encuentra  y  en- 
tonces  se  reduce  a  un  problema  muy  sencillo  de  topograffa  teniendo  a  la  vista  el  piano 
aprobado.  En  esta  nueva  determinaci6n  que  se  haga,  es  necesario  fijar  bien  claro 
con  estacas  los  puntos  importantes.  Las  seflales  fijadas  en  el  terrene  se  numerar&n 
correlativamente  o  se  designar&n  por  sus  distandas  al  origen  de  la  traza. 

En  cuanto  al  perfil,  se  tratan  de  llevar  aproximadamente  las  cotas  rojas  del  trazado, 
para  dejar  al  tiltimo  la  fijaci6n  definitiva,  marcando  con  exactitud  los  cambios  de 
nivel  de  la  rasante  con  una  losita  que  se  fija  al  nivel  precise  que  debe  quedar,  cuando 
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se  trata  de  un  corte,  o  im  mont6n  de  tierras  que  denote  la  altura,  cuando  es  un  teiraplen . 
Generalmente  estoe  cambios  de  nivel  se  indican  con  eetacas  que  tengan  anotadas  mis 
cotas. 

Bespecto  a  la  ejecuci6n  de  desmontes,  terraplenes  y  refinoe,  se  conaidera  tan  trivial 
que  para  atender  m^s  detenidamente  al  eetudio  principal  de  este  proyecto,  se  suspende. 

m.  OBRA8  DE  fIbRICA  O  DB  ABTB. 

Como  se  indic6  las  obras  de  ttbrica  o  de  arte  son:  Los  muros  de  soetenimiento  pum 
loe  terraplenes,  los  de  contenci6n  para  loe  desmontee,  y  las  obras  neceearias  pum 
salvar  grandes  corrientes  de  agua  y  grandee  depreaiones. 

Mwro$  de  aottenimimto, — ^£1  objeto  principal  de  loe  muros  de  soetenimiento  para  loe 
templenes,  es  cuando  la  trasa  pasa  en  ladeia,  de  fuerte  pendiente  trasvenal  de 
manou  que  el  talud  del  terrapin  ee  insostenible;  y  cuando  pasa  siguiendo  el  cauce 
de  una  corriente,  de  manera  que  las  aguas  vaymn  lamiendo  el  talud  del  terrapin, 
y  que  ponga  en  peligro  su  eetabilidad. 

Loe  muros  de  soetenimiento  se  elevan  generalmente  hasta  la  altura  de  la  rasante; 
I>ero  generalmente  va  al  pie  del  talud,  y  redbe  entonceeel  nombrede  muretee.  La 
parte  interior  se  forma  a  voces 
de  escalones  para  darle  mayor 
ancho  a  la  base.  Las  formas 
m^  generales  son  las  de 
trapecio,  cuyo  lados  in- 
ternes son  verticales,  y  al 
extemo  inclinado  con  talud 
de  un  quinto  a  un  d^cimo. 
A  veces  se  lee  da  mayor  re- 
sistencia  a  los  muros,  po- 
niendoles  contrafuertes,  y  m&s 
atin  enlazindolos  con  bdvedas 
de  deecaiga. 

Teofia  general  del  cdlcuh  de 
un  mvro  de  sostenimiento — 
Teoria  nueva. — Su  ponga  mos 
un  muro  de  paramento  inte- 
rior o  A  que  sostiene  un  macizo 
limitado  por  el  piano  AB  y 
adem^  una  sobre  caiga  de  r 
kOogramos  por  metro  cuadrado 
de  superficie  AB,  y  terrapl^n 
de  1  metro  contado  perpen- 
dicularmente  al  piano  de  la 
figurm,  sea  x=^$d  la  distanda  de 
AB  de  un  panto  cualquiera.    8  del  paramento  interior  del  muro  y  llamemoe: 

h  altura  AA^  del  miuro; 

hf,  altura  de  la  sobrecaiga  r; 

z,  distanda  entre  A^B^  y  AB; 

e,  empuje  por  metro  cuadrado  en  S; 

e^,  componente  perpendicular  al  paramento  interior  del  muro; 
e,,  componente  tangencial; 
E.,  empuje  total  que  las  tienas  i^oducen; 
En,  componente  de  E.  perpendicular  al  muro; 
Et,  componente  tangencial; 
t,  peso  del  metro  ctibico  de  tierras; 

f,  coeficiente  de  rozamiento; 
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VJ=dngulo  del  talud  natural;  f=tang.  ^ 

^=6ngulo  que  forma  con  el  horizonte  el  talud  AB. 

5=dni,ailo  que  forma  con  la  vertical  el  paramento  interior  o  A  del  muro. 

a=dngulo  ASD. 

b=dngulo  AOr. 

Las  componentes  e^  y  e^  del  empuje  parcial  e,  en  a,  tienen  los  valores  saguientee; 
teniendo  en  cuenta  el  peso  de  la  sobrecarga,  conaiderado  con  relaci6n  al  punto  e;  y  al 
rozamiento  de  las  tierras. 

e„=(r+tx)  [B  cos 6  (1+  cos  2a)-co8  (2a-0) 
et=(r+tx)  [B  cos  6  sen  2a —sen  (2a— 0)] 
siendo 

B=l+P- V(T+P)Tf2-  tan  ^)  a=9O«+(0-b) 

Estas  f6rmulas  dan  el  empuje  por  metro  cuadrado.  Con  eu  auxilio  ee  puede  deter- 
minar  el  empuje  total  E.  y  sue  componentes  normal  y  tangencial  En  E^.  El  punto 
de  aplicacidn  se  halla  por  las  f6rmula8 


=»=X' 


E„-  ,    .„„^-     g^ 

Las  componentes  normal  y  tangencial  del  empuje  total  E.  son  dadas  por  las  f6r- 
mulas. 

El  punto  S.  de  aplicaci6n  del  empuje  E  dista  verticalmente  de  la  base  O  del  muio 
la  cantidad 

,  xb  COB  a 


H=^-       l^^^ (4) 

2    ,  .hcosa 

^■^^2^SE1i 

La  sobrecarga  r  puede  sustituirse  por  otra  de  tierra  de  altura  b'';  y  es  dada  per  las 
ecuaciones. 

AA'=    -  A"^    ^  .;  AA'=— ^=-^    -^ ^    z=h'^5?4 

cos  A'^ Am    cos  a*  cos  AA^n    sen  b     cos  a    sen  B  sen  B. 

(6) 


E„=Ct  (2  bb'+h») 
E,=Dt  (2  bb^+h^) 
baclendo 

C=2^^[^  cos  e  (l+coe  2a)-co8  (2a-d) 
I>=2^^[^  cos  ^  sen  2a-8en  (2a-^)]. 

Cuando  la  sobrecarga  sea  cero  b^«o  y  entonces 
E„=Ctb»l 

Cdlculo  de  las  dinunsiones  de  los  muros  de  sostenimiento. — Supongamoe  que  el  empuje 
de  las  tierras  sea  oblicuo  con  relaci6n  al  paramento  interior  del  muro;  en  este  caso  en 
la  estabilidad  entran  las  dos  componentes  normal  (Eq)  y  tangencial  (E^). 

La  resultante  p  del  peso  que  pasa  por  el  centre  de  gravedad  y  del  empuje  E,  ba 
de  pasar  por  el  punto  c  extreme  del  tercio  medio  de  la  base  Ho  de  modo  que 


Digitized  by  VjOOQIC 


ENQINBSBINO. 


53 


El  punto  de  aplicaci6n  del 


Hc-1/3  Ho. 

en =1/6  Ho.  Siendo  n  el  punto  medio  de  la  base, 
empuje  lo  supondremos  a  1/3  h. 

Llamemos: 
t=peso  de  \in  metro  cdbico  de  tierra, 

1,650. 
t^=peso  de  un  metro  cdbico  de  mampos- 

terta  2.250. 
«=0.733. 

e'sseapesor  del  muro  en  la  parte  superior. 
e=e9pe3or  del  muro  en  la  parte  inferior. 
v'=volumen  del  muro    enun  metro  de 

longitud. 

Segdn  eeto  aplicando  las  f6rmula8  y 
valores  antes  citadoe,  la  ecuaci6n  de  ee- 
tabilidad  se  obtiene  igualando  a  cero  loe 
momentos  con  relaci6n  al  centre  de 
pre3i6n  c  de  las  fuerzas  P  (peso  del 
muro)  E„  (componente  del  empuje  per- 
pendicular al  paramento  del  muro  y  Ej 
componente  tangencial  tendremos 

P  cn=En  ~  -Ej  oc. 

Supongamos  para  darse  idea  m^  general 
de  loB  cdlculos  que  6^=0. 
La  ecuaci6n  de  los  momentos  es:  ' 

(P)  (cn)=E„  g  -Et  g  e  y  pueeto  que  cn-1/6  e  y  P«t'  h.  e. 

6  ^~^»  3  ""3  ^*  ®- 

Sustituyendo  los  valores  de  E„  y  E^  dados  por  las  f6rmulas  (7)  tenemoe 
e3-h2,93  D.  h.  e-1,  466  Ch»=»o. 

Esta  ecuaci6n  sirve  para  sacar  a  e. 

Muros  de  contencidn. — Como  ya  se  dijo  los  muros  de  contenci6n  tienen  per  objeto 
especial  contener  los  taludes  de  los  deemontes,  pues  en  ocasiones  cuando  el  terrene 
es  muy  dele2snable,  son  casi  seguros  los  desprendimientos.  Generalmente  eetos 
muros  se  construyen  hasta  la  altura  del  talud;  tambi^n  puede  construirse  una  sola 
parte  del  talud. 

Los  muros  de  contenci6n  se  construyen  con  frecuenciade  perfil  curvo,  especlalmente 
en  Inglaterra. 

He  aquf  las  formas.  En  general  ee  an&logo  el  estudio  de  los  muros  de  contenci<Sn 
a  los  de  soetenimiento.  EI  espesor  de  estas  construcciones  varfa  entre  llmites  muy 
extensoe,  segtin  las  circunstancias,  su  objeto  es  como  se  ha  dicho,  opener  snficiente 
resistencia  al  corrimiento  de  las  tlerras^  y  requieren  estudio  detenido  para  poder 
someter  al  ciclculo  los  elementos  necesarioe. 

Obraa  para  salvor  corrientes  de  agua  ofuertes  depresiones, — Las  obras  para  salvar  co- 
rrientes  de  agua  o  fuertee  depresiones  pueden  suponerse  divididas  asf :  (1)  Obras  que 
dan  paso  a  las  aguas  x>or  encima;  (2)  obras  que  desaguan  al  nivel  de  la  rasante  y  (3) 
obras  que  permiten  el  paso  por  debajo. 

1.  Las  obras  que  dan  paso  a  las  corrientes  por  encima  se  denominan  hadene*  y  se 
componen  de  dos  b^vedas  invertidas  AB  y  A^  B^  a  la  entrada  y  salida,  estas  van  unidas 
por  cintas,  transversales  AA^,  (Xy,  DIK,  EE',  y  a  voces  tambi^n  por  el  eje  del  camino 
68486^—17— VOL  VI 6  ^  t 
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con  la  M  N .  De  esta  manera  queda  formado  como  una  cuadricula;  las  cuales  se  rellenan 
de  piedras,  cascotes,  cufias,  etc.  Eetos  badenes  deben  envasar,  por  la  parte  aguas 
aniba  con  el  fondo  de  la  cuneta. 

2.  Obras  que  desaguan  al  nivel  de  la  rasante:  Para  estas  obras  existen  las  llamadas 
silones,  en  las  cuales  el  agua  penetra  por  aberturas  practicadas  en  la  rasante  bajan 
verticalmente  a  un  nivel  mds  inferior  al  de  la  rasante,  atraviesan  transversalmente  el 
ancho  de  la  via,  vuelven  a  Bubir  al  mismo  nivel  por  donde  entraron  y  salen  por  una 
eegunda  abertura,  que  comunica  con  otroe  terrenos.  Estas  obras  tienen  sus  incon- 
venientes,  entre  otros  el  de  permanecer  en  humedad  constante  la  parte  inferior  por 
donde  pasa  el  sifdn. 

Lo  m^  prictico  es  atravesar  un  tubo  de  hierro  que  recoja  el  caudal  de  aguas,  en  la 
misma  forma  del  8if<Sn,  o  finalmente  cuando  la  altura  por  donde  corre  el  agua,  estd 
a  unoB  dnco  metres  de  la  rasante  se  puede  construir  un  puente  acueducto.      ^ 

Obras  que  dan  paso  por  debajo  de  la  rasante:  Estas  obras  se  subdividen  en  cafios, 
tageas,  alcantarillas,  pontones  y  puentes. 

Antiguamente  se  llamaban  cafLos,  las  construcciones  de  6ecci6n  cuadrada  o  rec- 
tangular de  luz  inferbr  a  0.75  metro;  hoy  quedan  comprendidas  entre  las  ''tageas." 
Se  reservar^  en  lo  que  sigue  la  de  cafios  para  las  obras  de  perfil  circular.  Si  no  afecta 
eea  forma,  se  Uamarin  ''tageas  "  a  las  obras  en  que  no  pase  de  im  metro  la  luz;  "alcan- 


Badenes. 

tarillas^'las  que  excedan  de  uno  a  3  metios  a  las  anteriores,  "pontones"  a  las  que 
tengan  daroe  superiores  a  3  metros  e  inferiores  a  8  y  "puentes ''  a  todas  las  demis. 

CafU)9. — ^Lo8  cafios  en  la  genenJidad  de  los  casoe  son  muy  economicos,  y  sirven  muy 
bien,  para  salvar  corrientes  muy  pequefiae  de  aguas.  Son  diversas  las  clasee  de  mate- 
liales  con  que  se  hace  un  cafio,  y  diversas  tambi^  sus  formas.  Enundaremos  los  mis 
en  uso:  Cafios  de  ladrillo  de  forma  de  medio  cfrculo,  con  seccidn  rectangular  y  cubierto 
con  tapas.  Forma  muy  pr&ctica  y  econ6mica.  Se  sientan  los  ladrillos  con  cemento 
y  se  les  da  un  enlucido  tambi^  de  cemento,  en  properdin  de  3  a  1. 

Ca:fU>8  de  tubas  de  greet, — ^Estos  cafios  dan  tambi^n  buenoe  resiiltados;  son  m^  econd- 
micos  que  los  anteriores.  Plresentan  inconvenientes  por  ser  fr&gilee  y  no  resisten  con 
el  tiempo  a  las  trepidaciones  que  el  trinsito  produce.  Los  tubes  de  hierro  colado  dan 
excelentes  resiiltados,  pero  tienen  el  ineonveniente  del  fuerte  costo  que  restringe 
mucho  SUB  aplicaciones  y  finalmente  los  tubes  de  cemento  armado  o  s61o  concreto, 
cuya  aplicaci6n  es  la  m4s  aconsejable  por  todas  las  ventajas  que  present  a.  En 
cualquiera  clase  de  estos  cafios  es  necesario  hacerlos  en  porcionee  poco  largas  para 
fadlitar  su  limpieza. 

Tageaa, — ^Es  muy  comtin  hacerlas  de  secci6n  rectangular  cubri^dolas  con  "losas" 
llamadas  "tapas,"  que  solo  se  labran  en  los  frentes.    Las  tageas  ocupan  a  voces  la 
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altura  del  terrapin,  sin  embargo  puede  limitaiBe  la  altma  a  la  estrictamente  necesaria 
para  el  desagCke,  obteniendo  una  seccidn  mfnima  a  cambio  de  hacer  llegar  al  mdximo 
la  longitud  de  la  obra.  Para  cualquiera  de  Iob  dos  casos  ee  necesario,  constmir  muros 
a  uno  y  otro  lado  de  las  obras  de  f^brica,  a  fin  de  sostener  loe  teiraplenes. 

AleantariUas,  porUones  y  puentea. — ^En  estas  obras  no  se  emplean  nunca  loeas  para 
cubrirlas,  sino  biSvedas  de  mds  o  menoe  importancia.  Debe  acometerse  la  ejecuci6n, 
por  lo  menoe  de  tajeas  y  alcantarillas  desde  el  principio  de  loe  trabajos  a  fin  de  facilitar 
loB  transportes  de  tierras  en  obras  de  explanaci6n.  A  medida  que  se  vayan  elevando 
aquellos,  se  ha  de  cuidar  de  ur  ejecutando  los  terraplenes  de  loe  costadoe  para  evitar 
asientos  desiguales  que  podrfan  comprometer  la  estabilidad.  Finalmente  el  finne 
no  ha  de  descansar  nunca  en  el  "trasdos"  de  las  IxSvedas,  ni  en  las  losas  de  tapa,  para 
lo  cual  se  interpone  una  tongada  de  tierra  regada  y  apisonada  de  espeeor  mfnimo 
de  0.15. 

IT.  FIBME8. 

Segtin  se  dijo  al  principio,  el  finne  ee  un  suelo  artificial  de  suficiente  resistencia^ 
sobre  el  cual  se  verifica  la  rodadura  de  vehfculoe  y  el  trdnsito  de  animales  de  caiga. 
Se  pueden  hacer  de  diferentee  clases  de  materialee,  pues  son  muchos  loe  que  pueden 
produdr  una  superficie  bastante  tersa  y  dura  para  que  el  movimiento  se  efecttie  en 
buenas  condiciones. 

Veremoe  en  este  capltulo  el  mejor  y  m^  usado  finne  que  se  usa  en  las  carreteras, 
por  parecemoB  demaaiado  largo  entrar  en  clasificaci6n  de  los  diferentee  firmee,  y  nos 
contentamoe  con  definir  el  de  macadam. 

Desde  1820  empez6  a  usarse  en  Inglaterra  y  despu^  se  propag6  por  toda  Europa  el 
m^todo  que  Mac  Adam  ensayd  en  las  inmediaciones  de  Bristol  y  con  el  cual  se  alcanc6 
a  obtener  calzadas  @i  admirable  estado,  y  a  61  se  debe  que  las  caireteras  hayan  entrado 
en  nueva  fase,  como  lo  comprueba  el  hecho  de  que  los  firmes  de  piedra  partida  se 
conozcan  con  su  nombre  "macadam,**  en  el  lenguaje  t^nico  de  la  mayor  parte  de  las 
naciones. 

Cimientoz, — Mac  Adam  se  muestra  opuesto  al  lecho  de  cimentaci<Sn .  "  Si  es  verdad ,  * ' 
dice,  "que  la  vialidad  de  un  firme  de  piedra  partida  depende  exclusivamente  de  la 
buena  conservacidn  de  la  capa  que  constituye  su  superficie;  si  es  cierto  tambi^  que, 
una  vez  atravesada  dicha  capa,  la  carretera  se  pone  pronto  intransitable  porque  al 
penetrar  las  ruedas  en  los  intersticios  que  dejan  entre  si  las  piedras  de  los  lechos  inle- 
riores  destruyen  por  complete  el  firme,  no  es  16gico  pensar  que  esas  capas  de  piedras 
de  tamafloB  diferentee  son  puntos  menoe  que  indtiles  y  que  se  podrlan  supiimir, 
aumentando  en  cambio  el  grueso  de  la  capa  de  piedras  machacadas,  contruy^ndolaa 
con  m&B  esmero  v  limitando  a  ella  el  macizo  del  afirmado." 

£1  razonamiento  es  exacto  pero  la  concluai<Sn  po  debe  admitirse  sin  algunas  obser- 
vacioneB:  en  primer  lugar  la  cimentaci6n  podri  ser  oportuna  en  ciertos  cases,  con- 
fliderindola  como  medio  de  dar  al  firme  asiento  sdlido  en  terrenos  de  escasa  resistencia. 
En  segundo,  y  muy  piincipalmente,  no  hay  que  perder  de  vista  que  la  Bupresi6n  del 
dmiento  se  funda  en  que  las  ruedas  de  los  vehfculoe  no  ban  de  atravesar  nunca  la 
capa  de  piedra  machacada,  lo  que  b61o  se  consigue  merced  a  una  conservaci<Sn  asidua 
e  inteligente;  en  suma,  si  esta  se  puede  organizar  por  tener  los  recursos  y  el  personal 
iddneo  necesarios,  no  es  dudoeo  que  puede  admitirBe  el  principio  de  Macadam. 

A  peear  de  todo,  la  pr&ctica  corriente  a  lo  menoe  en  el  centre  y  mediodia  de  Europa, 
68  suprimir  el  dmiento,  lo  cual  estd  justificado,  porque  en  todoe  loe  pafses  se  concede 
atenci6n  cada  vez  m^  sostenida,  a  los  trabajos  de  conservad6n. 

Perfil  tranwersal  del  firme. — ^El  firme  debe  disponerse  con  superfide  convexa  de 
poco  bombeo,  y  con  un  espesor  uniforme  que  no  pase  de  0.25  metro.  No  cabe  duda 
de  que  la  disminuddn  de  la  curvatura  es  de  todo  punto  fovorable  para  el  buen  tr^co 
y  que  no  entorpece  al  libre  movimiento  de  las  aguas  hacia  las  cunetas  o  taludes  de  loe 
terraplenes.  El  espesor  miximo  de  0.25  aunque  bastante  inferior  al  de  los  firmes 
antiguosy  pudieca  aun  redodrse  suponiendo  una  conservad6n  esmeradfsima. 
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y.  INFLUBKCIA  DB  LAS  PENDIENTB8  EN  LA  TBACadx. 

El  tiro  0  esfuerzo  de  tracci6n  en  terreno  horizontal  puede  repreeentarse  por  fP, 
siendo  f  el  coeficiente  de  rodadnra  y  P  la  carga  arrastrada;  pero  si  la  rasante  forma  el 
^ngulo  a  con  la  horizontal,  la  fuerza  P  se  descompone  en  una  normal  a  aquella  Ifnea, 
cuya  magnitud  eerd  P  cos  a  que  reduce  a  fP  cos  a  el  roce,  y  otra  igual  a  P  sen  a  que  cons- 
tituir^  resistencia  o  fuerza  motriz,  segdn  que  el  movimiento  sea  ascendiente  o  des- 
cendiente.  De  manera  que  la  traccl6n  que  tiene  que  desarrollar  un  motor  para  subir 
o  bajar  estari  representado  por:  fP  cos  adbP  sen  a.  A  este  binomio  hay  que  agregar 
la  componente  paralela  al  movimiento  que  produce  el  peso  p  del  motor  o  seadbp  sen  a 
componente  que  se  suma  a  la  anterior,  pues  obra  en  el  mismo  sentido  que  esta.  En 
resimien  la  fracci6n  T  se  expresa  por  la  formula  siguiente: 

T=fP  cos  a±(P-|-p)  sen  a. 

Como  qmera  que  el  dngulo  a  es  casi  siempre  muy  pequefio  pues  no  suele  pasar 
de  3^  a  6^,  no  hay  inconveniente  en  hacer  cos  a=l;  sen  a=tang  a=h.,  o  sea  a  la  incli- 
naci6n  por  unidad  de  rasante.  La  f6rmula  anterior  puede  pues  escribirse:  T=fPd: 
(Pip)  h  6  T=(f  ±h)  P±ph  (1). 

En  el  caso  ordinario  de  estudiar  la  tracci6n  en  firmes  de  piedras  partidas  f=0.03 
y  la  expresi6n  de  T  ser&, 

T=(0.03±h)P±ph  (2) 

El  esfuerzo  de  tiro  en  las  bajadas  ser&  fP— (Pip)  h  y  este  valor  es  positivo  mientrae 
p 
h<f  pxp-se  anula  para  un  valor  particular  de  h,  que  se  llamari  i  dado  por  la  relacidn: 

EUedAn  y  dUtribudSn  de  pendientes. — ^Es  asunto  de  grandfsima  importanda  la 
fijaci6n  de  las  pendientes  m&ximas  que  hayan  de  adaptarse  a  ima  carretera,  y  la 
manera  de  distribuir  las  rasantes  de  diferente  inclinaci6n.  Antiguamente  se  prestaba 
m&s  ciiidado  a  la  proyecci6n  o  planta  de  la  via,  que  al  perfil  longitudinal,  mejor  dicho 
que  con  tal  de  no  quebrar  demasiado  una  Ifnea  recta,  no  se  vacilaba  en  subir  o  bajar 
laderas  por  Ifneas  pr6ximas  a  las  de  pendiente  m&xima.  Evidentemente  una  traza 
ondulada,  cuyoe  elementos  no  formen  angulos  grandes  con  las  rectas  que  unen  los 
extremoe  apenas  aumenta  el  recorrido  en  1/5  o  1/6,  gravando  en  la  misma  relacidn 
los  gastos  de  trasporte.  Por  el  contrario  rampas  algo  inclinadas  ocasionan  incrementos 
notabilfsimos:  basta  recordar  que  el  esfuerzo  de  tiro  en  funci6n  de  la  carga,  la  pen- 
diente por  unidad,  y  el  peso  del  motor  es,  para  firme  de  macadam. 

T=(0.03+h)P+ph. 

Con  hacer  hnO.03,  la  traccidn  es  m4s  del  doble  que  en  terreno  piano,  pasa  del 
triple  para  hs0.06  y  asf  sucesivamente. 

Pendiente  rndxima. — La  inclinaci6n  de  una  rasante  no  deberla  pasar  del  limite  en 
el  cual  la  traccidn  se  anula.    Teniamos  en  efecto  que, 

en  la  cual  f  representa  el  coefidente  de  rodadura,  y  P,  p  respectivamente  loe  pesos 
de  la  carga  y  d  motor.  En  loe  firmes  de  piedra  partida  f=0.03  ^  i  se  diferendard 
poco  de  0.025  o  sea  dd  2.5  por  dento.  Ademds,  es  de  observarse  que  a  medida  que 
se  conservan  mejor  las  carreteraB,  disminuye  f,  y  por  tanto  la  pendiente  limite. 
Ademds  no  pasando  del  valor  de  1  se  evitan  loe  frenoe  en  los  vehfculos  que  no  dejan 
de  deteriorarlos,  en  especial  cuando  se  aprietan  mucho  o  se  usa  plancha.  Por  otra 
parte  en  las  bajadas  no  tendrfan  los  motores  que  contener  los  carruajes,  esfuerzo 
bastante  penoso. 
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Lob  razonamientos  que  anteceden  se  aplican  a  las  caballerlas  que  marchan  al  aire 
de  paflo,  pues  cuando  van  al  trote,  como  en  los  vehfculos  de  pasajeroe,  puede  contarse 
con  la  acci6n  de  los  frenos,  pues  eetos  vehfculoe  se  constniyen  con  m^  esmero,  y  si 
carecen  de  ellos,  son  coches  o  camiajes  muy  ligeros,  en  los  cuales  se  dispone  de  fuerza 
de  tiro  considerable;  por  todos  estos  motives  las  bajadas  no  ofrecen  dificultad,  aun- 
que  la  inclinaci6n  pase  del  2.5  por  ciento  al  6  o  7  por  ciento. 

En  los  terrenos  quebrados,  a  menos  de  alargamientoe  o  gastos  enormes,  es  imposible 
cefdrse  a  i>endientes  tan  pequeflas,  y  para  establecer  la  maxima  admisible,  aparte 
de  la  circulaci6n  probable  y  de  las  condiciones  topogrdficas,  hay  que  atender  a  las 
pendientes  de  las  buenas  carreteras. 

De  ordinario  las  mayores  pendientes,  no  ban  de  ser  superiores  al  6  6  al  7  por  ciento; 
no  obstante  no  ocasionard  obstdculo  grave,  alguna  rampa  mds  inclinada,  siempre 
que  su  longitud  sea  muy  pequefia. 

Infltunda  de  las  curvaa — Inoonveniente  de  las  curvaa. — Es  evidente  que  la  planta 
del  eje  de  una  carretera  no  puede  ser  la  Ifnea  quebrada  que  forman  las  aUneaciones 
rectas:  cada  dos  consecutivas  de  estas  se  tienen  que  enlazar  por  un  arco  tangente  a 
ambas,  que  es  por  lo  comdn,  circular  o  parab61ico.  Estas  curvas  ocasionan  a  la 
traccidn  incomodidades  y  resistencias  suplementarias,  tanto  mayores  cuanto  m^ 
ceiradas  aquellas  o  cuanto  menor  sea  el  radio  en  arcoe  circulares. 

Kespecto  a  las  curvas  se  prescribe  que  los  radios  no  sean  menores  de  50  metres 
pudiendo  solamente  en  pafses  accidentados  y  como  excepci6n,  disminuirlos  hasta 
30,  no  deben  disponerse  a  continuaci6n  curvas  y  contracurvas,  sino  intercalar  entre 
ambas  una  alineacidn  recta  de  20  metres  como  mfnimo,  puede  sin  embargo  prescin- 
dirse  de  ella,  cuando  los  radios  sean  sui>eriores  a  50  metros. 

VI.  CONDiaONES    OBNBRALBS  QUX  HAN  DB  8ATISFACBR  LAB  TRAZA8. 

Se  comprende  desde  luego  la  importancia  del  estudio  del  trazo  de  una  carretera 
pbrque  de  ^  depende  la  utilidad  que  preste  la  via  de  comunicaci6n.  Generalmente 
se  conocen  loe  pimtoe  extremos  de  la  carretera,  y,  por  lo  comdn,  algimos  intermedios, 

Jue  se  especifican  en  la  designacidn  con  que  el  camino  figura  en  el  plan  correspondiente. 
'ero  alln  asf  caben  de  ordinario  varias  soluciones  entre  los  puntos  forzados.  Para 
hsLf^er  el  estudio,  se  tiene  que  atender  sobre  todo  a  consideraciones  t^cnicas;  pero  no 
debe  prescindirse  de  decir  algo  de  las  administrativas  relacionadas  en  particular  con 
el  fomento  de  las  riquezas  y  la  defensa  del  territorio. 

CormderacUmes  acbninUtrativas, — ^Han  de  encaminarse  a  favorecer  los  intereses  mate- 
riales  del  p^is,  abaratando  los  trasportes  y  disminuyendo,  por  tanto,  los  gastos  de  pro- 
ducci6n.  Para  escoger  la  traza  mis  ventajosa,  hay  que  darse  cuenta  de  la  cantidad  y 
saturaleza  de  mercanclas  que  aprovechardn  el  camino,  investigacidn  diffcil,  pues 
aun  cuando  entre  los  pimtos  que  se  van  a  enlazar  se  ef ectde  ya  el  trdfico  por  otras  vfas, 
es  probable  que  aumente,  en  proporci6n  casi  imposible  de  preveer,  al  mejorar  las 
comunicacionee. 

Cannderaeumee  ticnioas. — Las  carreteras  ban  detrazarsede  mode:  1°  que  el  trdnsito 
86  verifique  c6moda  y  seguramente,  y  que  se  realice  la  economfti  posible  en  los  tras- 
portes; 2^  que  no  se  hagan  gastos  intitiles  de  construcci6n,  reduci6ndolos  a  los  estrictos 
para  asegurar  circulaci6n  fdcil;  3^  que  el  camino  no  imponga  una  conservaci6n 
demasiado  costosa,  eligiendo  al  efecto  entre  varias  direcciones  aceptables  la  que 
resulte  mejor  orientada,  la  que  se  acerque  a  canteras  de  que  se  puedan  extraer 
los  materiales  necesarios. 

Las  variadones  de  un  trazado  se  estudian  determinando  la  pendiente  media  por 
medio  de  las  siguientes  expresiones,  en  las  que  x  es  dicha  i>endiente,  Fla  longitud 
<|Ue  resultari  con  la  ndsma,  H  el  desnivel  entre  los  puntos  extremos,  G  la  carga  espe- 
eifica  y  Mp  el  esfuerzo  m&ximo  que  se  ha  de  imponer  a  cada  caballeria. 


r_M~x    _            ^    I-VO.0237 
^■"Tf^    H=xy    M^ ^ 
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eliminando  x  entre  las  doe  piimeras: 

y  M  entre  ^eta  y  la  tercera  [y-3(c(fy+B[)+H)P— 0.0233r»=0,  de  laque  se  deduce  la 
1  ongitud  y  en  funci6n  de  0,  fh,  y  resolviendo  la  ecuaci6n: 

0.023y«-[l+6Cf(1.5Cf-l)]y«-6H(l+3Cf(C+l)-C)y=9H»(O+l)» 

BleedSn  de  la  zona—GeneralidadtB, — ^El  primer  trabajo  a  que  ha  de  dedicarse  para 
un  proyecto  de  carretera,  ee  la  elecci6n  de  la  zona  mds  a  prop<56ito  para  desarrollar  la 
traza,  eacogi^ndola  con  suficiente  anchura  para  que  en  la  oficina  puedan  estudiarse 
las  diverBas  soluciones  admisibles.  En  efecto,  antes  de  ir  al  terrene  es  necesario 
eetudiar  los  mapas  geogrificos  m^  ezactoe  de  la  regi6n,  con  el  fin  de  darse  una  idea 
de  la  configuraddn  general  del  terreno  por  donde  ha  de  pasar.  Este  estudio  preli- 
minar  tiudlita  de  gran  manera  las  operadones  ulteriores. 

Cl(u^caci6n  de  terrenos, — Para  mayor  facilidad  se  clasificar^  los  terrenes  que  hayan 
de  reconocerse  en  tres  grupos:  (I)  Planicies,  llanuras,  vegas,  mesetas  y  pdiamos  que 
no  tienen  inclinaci6n  sensible;  (2)  los  terrenes  entre  llanos  que  presentan  ligeras 
ondulaciones,  pero  sin  llegar  al  3  por  ciento;   y  (3)  las  regiones  quebradas  o  escabrosas. 

Terrenos  llanos. — Los  reconocimientos  en  llanuras  son  por  dem^  sencillos,  pues  se 
puede  con  facilidad  trazar  las  rasantes  con  pendientes  muy  suaves  generalmente 
rectas.  Sin  embargo  multitud  de  requisites  obligan  a  quebrar  la  llnea»  debido  a  incon- 
venientes  que  vamos  a  enimierar,  y  que  es  precise  estudiar  detenidamente.  Las 
planicies  ofrecen  a  menudo  quebradas  m^  o  menoe  anchas  y  profundas  que  hay  que 
cruzar  o  conientes  de  agua  a  veces  caudalosas.  En  tales  cases  es  indispensable  una 
inspecci6n  muy  detenida,  para  determinar  el  punto  mis  conveniente  para  salvar  el 
obst^ulo,  atendiendo  sobre  todo  a  la  cimentaci6n,  direcci6n,  luz  y  altura  de  la  obra 
de  arte,  desviando  en  consecuencia  su  traza. 

Adem^  las  Ifneas  atraviesan  fincas  de  valor  y  puede  resultar  econdmico  separar 
de  ellas  el  trazado.  Si  existen  uno  o  varies  pueblos  serA  necesario  estudiar  igual- 
mente,  si  conviene  que  el  trazado  pase  por  todos  o  por  cada  uno  de  ellos,  lo  que 
obligar&  a  elegir  la  zona  de  suerte  que  sea  factible  la  comparaci6n. 

lirrenoe  quebrados, — ^En  terrenes  quebrados,  los  reconocimientos  son  laborioslsimoe, 
porque  las  condidones  ttoiicas  se  hacen  m^  y  mia  incompatibles  a  medida  que  es 
m^  desigual  la  superficie  del  suelo,  que  se  estrechan  los  valles  y  son  mis  abruptas 
las  cadenas  de  montafias  que  separan  los  extremes  del  camino.  Precise  es  ante  todo 
con  el  estudio  de  mapas  y  la  inspeccidn  del  terreno  que  habr&  de  recorrerse  variae 
veces  en  amboe  sentidos,  adquirir  conocimiento  exacto  de  su  configuraci6n  geo- 
grdfica,  form&ndose  idea  clara  de  las  vaguadas  divisorias  y  cuencas  de  dilerentes 
6rdene6,  de  suerte  que  no  quepa  duda  alguna  acerca  de  los  obsticulos  que  deben 
salvarse. 

Vin.   DAT08  DX  GAMPO. 

En  el  campo  hay  que  tomar  los  dates  necesarios  para  poder  representar  grificamente 
con  bastante  exactitud  la  zona  escogida  para  el  desarrollo  de  la  traza,  y  adem^  los 
indispensables  para  redactar  los  documentos  que  constituyan  el  proyecto.  Se  tra- 
tar&n  en  seguida  las  m^  indispensables. 

DaU)8  relativoe  a  la  2ona.— Practicadas  las  operaciones  topogr&ficas  se  representari 
una  zona,  por  medio  de  una  base,  perfiles  transversales  o  por  medio  de  las  curvas 
de  nivel.  Las  primeras  se  refieren  a  las  zonas  situadas  en  terrenes  llanos  o  entrellanos 
y  las  segundas  a  las  situadas  en  terrenes  quebrados. 

Se  elige  la  base  de  manera  que  se  aproxime  lo  m^  posible  al  eje  del  camino.  Cono- 
ciendo  el  plane  y  perfil  de  dicha  llnea,  asf  come  suficiente  nWero  de  perfiles  trans- 
versales,  se  obtendr&  de  una  manera  predsa  la  planta  y  el  relieve  de  la  zona  para 
discutir  en  la  oficina  la  posici6n  mis  conveniente.    Cada  una  de  estas  operaciones  se 
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coDsegaiii  con  fadlidad  vali^doee  de  los  procedimientoB  topogi&ficoe  conocidoe; 
loB  cualee  no  hay  neceddad  de  desciibir. 

Hay  otros  datoe  imp<ytantfflimoB  queee  necesariojno  olvidary  son  aquellos  que 
sirven  para  hallar  sin  dificnltad  el  costo  de  una  obra. 

JgtNalurakga  del  <u«{o.— A  fin  de  fonnane  idea  del  costo  aproximado  de  la  iaja  que 
habrd  de  ezpropiazBe  para  localisar  el  camino,  se  haceXindispenBable  tomar  notae, 
de  las  clases  de  cultavos,  de  los  piecioe  medios  corrientes  de  la  localidad,  asf  como 
de  los  perjuidos  que  desde  luego  se  advierta  ha  de  ocaaionar  a  las  fincaa,  la  apertuia 
del  camino. 

JJiNaiuraleta  del  nthsuelo.—hoa  datos  de  la  natuialeza  del  subsuelo  son  imp<»tan- 
tisimos,  bajo  varies  aspectos:  1^  Faia  apiedar  la  altuia  miJTiina  que  puede  admitdise 
en  los  desmontes  que  seii  tanto  may<»r  cuanto  m&B  ttdles  los  movimientos  de  tiem; 
2%Para  fijar  la  inclinaci6n  de  los  taludes;  3^  Faia  dasificar  los  pioductos  de  la 
explanaddn  y  presuponer  su  costo;  y  4^  Para  servir  de  gula  en  la  inveBtigaci6n  de 


materiales  y  de  condidones  que  reuna  el  terrene  para  asentar  sobre  61  un  camino 
o  dmentar  una  obra  importante. 

IZ.  H^TODO  BZACrO— CUBIGAa<3N  DX  OBBAfi  DX  TISBRA.. 

Presentando  la  superfide  de  la  tierra  una  forma  tan  irregular,  ha  side  precise  para  la 
cubicaddn  de  desmontes  y  terraplenes  de  una  via,  sustituir  aquella  por  otra  cuya 
generaci6n  sea  conodda  y  pueda  sin  error  sensible  reemplazara.  Esta  superfide  es 
un  paraboloide  hiperb61ico  en  el  que  bus  directrices  son  los  perfiles  transYersales  del 
terrene  y  el  piano  director  el  vertical  que  pasa  por  el  eje  de  la  ezplanaci6n. 

Sean  ab  cd  dos  perfiles  transversales  en  desmonte,  cuyos  pianos,  normales  al  eje  no 
son  paralelos,  lo  cual  podr&  acontecer  en  el  supuesto  de  estar  trasados  en  un  tramo 
curve.  Consideremos  la  pord6n  del  terrene  comprendida  entre  los  pianos  paraldos 
bc^  da^  y  el  piano  rasante  a^  c^  y  la  superfide  hiperb61ica  y  tratemos  de  determinar  su 
vdumen. 

En  ef  ecto  tracemos  un  piano  paralelo  al  director  o  lo  que  es  lo  mismo  a  las  rectas  ad  y 
he  y  que  ser&  tal  como  el  m  V;  este  piano  cortar&  a  las  directrices  en  los  puntos  my  I 
y  a  las  rectas  &d  oe  en  los  n  y  t  que  unidos  entre  sf  formar&n  el  paralelogramo  mnlt 
cuya  diagonal  m  I  es  la  generatriz  que  buscamos.    Si  suponemos  que  el  mismo  piano 
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m  I  Be  mueve  paralel&mente  a  su  poeicidn  primitiva  engendrari  la  pir&mide  abed 
dividida  en  doe  partes  iguales  por  Ik  superficie  hiperbdlica.  For  consiguiente  el 
volumen  que  buscamos  se  compondi^  de  loe  prismas  triangulares  ocdacfdf  y  obcab'cf 
mis  la  mitad  de  la  pir&mide  triangular  obcd  o  lo  que  es  lo  mismo  de  los  prismas  abd 
a'ni>^d^  y  bed  bVd^  menos  la  mitad  de  la  misma  pir&mide.  Expresado  algebral- 
camente: 

V«p+p/+l/2A  6  V=P+P'-1/2A  de  donde  V=?"t^P"t^ 

Pero  si  representamos  por  c  c^  c^^  </^^  las  cotas  de  los  puntos  a,  d,  c,  b,  o  sean  las 
aristas  aa^  dd^  c</,  bb^  y  por  aa^  9/'  9/^'  las  areas  de  los  tri&ngulos  en  que  queda  dividida 
la  base  por  las  diagonales  aV  y  bM^  tendremos: 

P=AXl/3(c+(/+(/^0    p-a^'Xl/aCc+c^+c/O 

P'-a^Xl/aCcZ+c/'+c/^O    p'-a'^a/aCc+c/'+c/'O 

Siendo  b V  paralela  a  a^  d^,  las  superfudes  de  los  tri&ngulos  ^Tt/^'  y  a Vd^  son  iguales 
asf  como  tambi^n  las  a'b'c/  y  b'(/d'  por  consiguiente  a=a'^  y  2/— 9/"  por  tanto 

V=l/6[a(2c+2</+c''+c/'0+a'(2</^+2(/^^+c+c0] 

Esta  fdrmula  sirve  para  todos  los  cases  que  se  presenten  en  la  pr&ctlca. 

Mitodo  aproximado  0  del  drea  medio.— Cuando  los  perfiles  transversales  de  una 
via  son  normales  al  eje  y  paralelos  entre  si,  la  aplicaci6n  de  la  f6rmula  general  del 
m^todo  exacto  nos  da  para  el  volumen  comprendido  entre  estos  perfiles,  bien  que  se 
encuentren  en  desmonte  0  terrapl^n: 

En  las  cuales  S  y  S^  son  las  ireas  de  los  perfiles  transversales  consecutivos  separados 
por  una  distancia  D. 

SEGUNDA  PARTE. 

I.  IMPORTANCIA  DB  LAS  GALZADAS  AUTOMOVILIARIAS  BN  COLOMBIA. 

La  dencia  por  una  parte  y  su  estudio  constante  por  otra,  traen  consigo  el  sinntimero 
de  aplicadones  nuevas  que  a  primera  vista  hacen  increible  bus  resultadoe  comparados 
con  los  procedimientoe  antiguos,  pero  que  al  revisarlos  y  estudiarlos  detenidamente 
Sflombran  al  mundo,  por  bus  resultadoe  bendficos  prdcticoe  y  progiesistas.  Tal  es  el 
eetudio  de  que  ahora  nos  ocupamos.  Las  calzadas  automoviliarias  via  de  comunica- 
ddn  modema,  es  la  tiltima  palabra  de  la  dvilizaddn.  En  la  parte  anterior,  habia- 
mos  visto  la  via  de  comunicaddn  m^  antigua,  pues  data  del  tiempo  de  los  Romanes, 
hadendo  presente  todos  sus  componentes  como  los  vehiculos,  desde  el  m^  rudimen- 
tario,  los  motores,  las  clasee  de  firmes,  etc.  Ahora  en  4ita,  como  su  nombre  lo  indica, 
trasformamos  los  vehiculos  y  los  motores,  y  los  reemplazamos  por  otros  cuya  potenda 
comodidad  y  economia  superan  infinitamente  a  cualquiera  otra  clase  de  via,  de  las 
que  hasta  ahora  disfrutamos. 

Esta  nueva  via  de  comunicad6n,  aunque  enteramente  nueva,  ha  dado  maraviUosos 
resultados  en  Europa,  y  especialmente  en  los  Estados  Unidoe  en  los  cuales  hay  vaiiaa 
existentes,  entre  otras  "The  Highway  Contractor  of  the  Cold  Spring,  Liverpool, 
Brondaga;  the  Oswego  City,  West  First  Street  (Oswego);  the  Oswego  City  Sterling," 
etc.,  y  muchfsimas  m^  de  indiscutible  importancia.  Ahora  bien  en  la  misma  Europa, 
veamos  los  resultados  tan  satisfactorios  que  han  dado,  y  la  utilidad  que  de  ellas  han 
sacado,  en  estos  tiltimos  afios  con  la  actual  gueira  europea.  El  mismo  Gobiemo  de  los 
Estados  Unidos  tiene  el  ''quad''  desde  hace  m^  de  un  afio  al  servicio  de  la  admin- 
ifltraddn  militar;  en  sus  diferentes  maniobras  y  han  obtenido  grandisimas  ventajas. 
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Finalmente  se  lia  reconoddo  aplicaciones  importantlsimafi  tales  como  la  del  transporte 
de  lo6  exploaivos  peligroeos  en  grandee  cantidades  que  alcanzan  a  tran8p<  rtar  en  cada 
cami6n  automotor  hasta  la  cantidad  de  1,900  litroe  de  dicho  Ifquido  exi'l'dvo. 

Las  ventajafl  de  estaa  vfas  de  comunicaci6n  sobre  las  demds  existenlee,  son  bien 
marcadas:  (a)  Son  mucho  m^s  econ6niica8  que  los  ferrocamlep,  como  despu^  lo 
demostraremos;  (b)  su  tecnicismo  es  mucho  m6fl  sencillo,  y  no  presenta  problemas 
complicados;  (c)  las  pendientes  de  dichas  calzadas  pueden  ser  muchlsimo  m^  fuertee 
que  las  de  otra  via  cualquiera,  ocasionando  por  consiguiente  esta  ventaja,  mayor 
rapidez,  en  salvar  una  distancia  y  ser  por  esta  mds  cortas;  (d)  por  la  raz6n  anterior 
Be  desarroUard  una  via  mucho  mds  rdpida  y  por  lo  tanto  se  disfrutard  de  ^sta  muchos 
afioe  antes  que  un  ferrocarril;  (e)  son  caminos  ptiblicos,  los  cuales  puede  transitarloe 
cualquier  individuo  y  servirse  de  ^1  a  su  antojo;  (f)  los  coches  y  camiones  automo" 
tores  pueden  tomar  al  viajero  en  su  residencia,  y  llevar  los  efectos  de  un  lugar  a  otro 
sin  dar  lugar  a  trasbordos  molestos  y  costosos;  (g)  la  carga  que  trasporta  un  cami6n 
automotor  sufre  muchlsimo  menos,  porque  no  tiene  tantos  trasbordos,  y  porque  estd 
dividida  en  porciones  menores,  de  las  cuales  cada  uno  es  responsable;  (h)  las  vfas 
automoviliarias  difunden  el  progreso  por  donde  quiera  que  pasan  sin  aniquilar  puntos 
intermedios  como  los  ferrocarriles. 

Con  lo  anteriormente  expuesto  se  v^,  pues,  la  importancia  tan  grande  que  serd  para 
Colombia  ima  contrataci6n  de  vlas  automoviliarias,  de  esta  especie,  las  cuales  como 
ae  demostrard  resultan  mucho  mds  econdmicas,  que  cualquiera  otra  en  peores  condi- 
ciones,  por  consiguiente  estdn  de  acuerdo  con  nuestras  riquezas,  y  atin  con  nuestras 
condiciones  topogrdficas.  Colombia,  naci6n  Hamad  a  a  la  via  de  progreso,  tiene  forzo- 
samente  que  principiar  por  sus  vlas  de  comunicaci6n  por  ser  ^tas  las  indiscutible- 
mente  primordiales  para  poder  lograr  que  por  ellas  entren  todos  los  demds  elementos 
indispensables  para  poder  avanzar  en  nuestras  demds  empresas,  por  las  vfas  deben 
entrar  toda  clase  de  maquinarias,  herramientras,  mercanclas,  para  poder  con  ellas 
mejorar  y  adelantar  nuestras  industries ;  pero  ante  todo  antes  de  proceder  a  gastar 
de  una  manera  inconsulta,  en  una  via  de  comunicaci6n,  o  mejor  adn,  antes  de  ejecutar 
un  proyecto  que  ha  de  costar  muchos  millones  al  pals,  es  necesario  pensar  cudl  vfa 
de  comunicaci6n  se  ha  de  elegir,  cudl  ha  de  ser  de  mayor  economfa,  de  explotaci6n, 
en  igualdad  de  comodidades  y  cudl  ha  de  dar  mayor  utilidad. 

Cu&l  no  serfa  el  adelanto  para  noeotros  al  existir  una  calzada  automoviliaria  entre 
Bogotd  y  El  Magdalena  y  cudntos  los  provechos  que  de  ella  obtendrfamosi  Ahora 
bien,  desde  otro  punto  de  vista,  tenemos  forzosamente  que  hallar  pronta  reeoluci6n  a 
vfas  de  comunicaci6n  que  nos  ponga  en  rdpido  acceso  con  nuestros  Ifmites.  El 
problema  de  la  Moil  locomoci6n  para  nuestra  defensa  nacional. 

II.    VEHiOULOS  QUE  COMFONBN  UNA  GALZADA  AUTOMOVILIABIA. 

Los  vehfculos  que  componen  una  calzada  automoviliaria  son  los  camiones  auto- 
m6vile8  o  simplemente  autom6viles.  Est&n  divididos  en  dos  clases:  los  primeros 
para  pasajeros,  y  los  segundos  de  trasporte  o  de  carga.  Los  primeros  son  vehfculos 
de  mis  lujo  que  los  segundos  y  de  maquinaria  mds  ligera;  los  segundos  requieren 
material  mia  fuerte,  y  son  de  menos  apariencia.  Veremos  de  paso  la  descripci6n 
general  de  estos  camiones. 

Diagrama  de  la  comtruccidn  de  un  camidn. — (1)  Eje  modelo  con  vigueta  "1  de  2i" 
de  acero  forjado  a  martinete  y  cojinetes  de  bolas;  (2)  embrague  con  25  discos  de  dientes 
de  sierra  movi^ndose  en  un  bano  de  aceite;  (3)  eje  posterior  fijo;  (4)  irbol  propulsor 
piovisto  de  dos  uniones  universales;  (5)  el  escape — aquf  los  gases  introducidos  son 
calentados  y  a  su  vez  empleados  para  enfriar  las  vdlvulas  de  escape;  (6)  caja  de  trans- 
misi6n  selectiva  de  tres  velocidades  todos  los  engranajes  tienen  cojinetes  de  bolas, 
bafiados  en  grasa  y  una  placa  de  registro;  (7)  eje  de  cardan  y  su  cubierta;  (8)  pieza 
tfpica  del  bastidor;  (9)  neumdticos  gemelos,  fdciles  de  quitar  a  mano,  para  las  ruedas 
posteriores;  (10)  radiador  vertical  provisto  de  muelles  espirales  para  amortiguar  la 
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trepidaci6n;  (11)  frenos  interiores  de  expansidn,  accionadas  por  palanca  de  mano; 
(12)  freno  del  eje  de  cardan  acclonado  por  pedal;  (13)  graduador  provisto  de  cojinetee 
de  bolas  ;  y  (14)  magneto. 

Caracteiisticas  bdsicas  de  los  camiones  automSviles. — Entre  todos  Iob  problemas  de 
la  dltima  centuria  los  de  8oluci6n  rnds  diffcil  y  al  mismo  tiempo  los  que  se  ban  resuelto 
mds  satisfactoriamente  son  los  de  trasmisidn  y  transporte.  Y  entre  las  mdltiples 
divislones  de  este  dltimo,  el  transporte  por  medio  dQ  vehlculos  es  de  tanta  importancia 
que  ha  creado,  en  pocos  afios,  una  industria  que  figura  entre  las  mayores  del  mundo; 
la  construcci6n  de  camiones  automdviles. 

La  construccidn  de  autom6viIe8  se  verifica  hoy  en  una  forma  cuidadosamente 
estudiada,  predominando  el  mayor  m6todo  en  todos  los  departamentos  y  ensaydndose 
el  producto  para  ofrecerlo  con  todas  las  garantfas  posibles  de  6xito. 

Si  se  estudian  los  tipos  de  camiones  autom6vllee  hoy  en  servicio,  pueden  notarse 
infinidad  de  cambios,  y  partes  que  son  prueba  evidente  de  un  desarroUo  y  progreso 
extraordinarios. 

La  proporci6n  entre  el  didmetro  del  cilindro  y  la  carrera  del  ^mbolo  no  ha  sufrido 
apenas  modificaci6n,  si  bien  se  nota  tendencia  hacia  la  carrera  larga.  Y  se  consideran 
las  grandes  transformaciones  instroducidas  en  este  sentido  en  los  autom6viles  de  paseo 
y  turismo  y  el  convencimiento  que  existe  de  las  ventajas  que  aportan,  es  de  esperar 
que  entre  los  mejores  camiones  de  la  estaci6n  prdxima  se  encuentre  un  buen  ntimero 
con  la  carrera  larga. 

La  ignici6n,  siendo  un  accesorio  importante  del  motor  ha  merecido  mucha  atenci6n 
por  parte  de  los  fabricantes  y  la  campafia  emprendida  hace  afioe  ha  dado  ya  fruto. 


Hoy  es  general  el  m^todo  de  ignici6n  doble,  usando  un  magneto  como  manantial  para 
imas,  y  baterias,  pilas  secas  o  acumuladores  para  otras;  estas  dltimas  actdan  a  trav^e 
de  una  bobina  y  utilizan  comunmente  el  distribuidor  del  generador  de  corriente. 

III.  ejecuci6n  de  las  obras. 

En  el  estudio  anterior  se  habia  visto  las  diferentes  clasee  de  obras  que  era  necesario 
emprender  para  la  construcci6n  de  una  carretera;  pues  en  las  calzadas  automoviliarias 
las  obras  de  arte,  los  desmontes,  terraplenes,  cunetas  y  adn  mis  hasta  el  perfil  de  la 
calzada  se  eetudia  de  una  manera  id^ntica  a  la  anterior,  variando  tinicamente  en  el 
perfil,  la  pendiente,  pues  en  las  calzadas  pueden  hacerse  mucho  mis  fuertes,  como  lo 
veremos  mis  adelante. 

R^stanoe  exponer  en  este  pardgrafo,  la  manera  como  debe  hacerse  el  firme,  las 
maquinarias  necesarias  para  la  ficil  explanaci6n,  y  finalmente  el  recebo  o  sea  la  capa 
asfiltica,  bituminosa  o  de  concreto  que  se  le  debe  echar  al  firme. 

Ancho  de  las  calzadas, — En  general  las  vlas  en  las  cuales  solamente  transitan  vehfculoe 
de  tiro,  pueden  ser  ejecutadas  mis  angostas  que  aquellas  que  estin  destinadas  al  trdfico 
de  vehfculoe  de  tiro  y  autom6viles.  En  el  primer  caso  un  ancho  de  W  i  16^  pies  da 
Buficiente  paso  para  dos  vehfculos  que  se  cruzan.  El  ancho  de  uno  a  otro  lado  para 
un  trifico  normal  de  automdviles  de  paseo,  es  de  6^  mientras  que  para  autom6vile8  de 
carga  ee  de  8^. 
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En  muchas  ocasiones  ha  sido  observado  que  un  ancho  de  Y(a  de  W  no  ha  sido 
Biificiente  para  evitar  que  los  automdviles  pasando  uno  tras  de  otro  trabajen  fuera  de 
la  orilla  de  la  via  pr6xima  a  los  taludee  de  corte,  reeultando  la  oiilla  izquierda  met&lica 
expuesta  abajo  a  romperse. 

En  las  calzadas  cuyo  tr&fico  entre  diferentes  estados  es  abundante,  un  ancho  cuya 
superficie  aumente  de  18^  &  2(K  pies  no  debe  ser  demasiado  mientras  que  un  ancho  de 
14^  i  16'  pies  debe  ser  ampliado  para  eetas  vfas,  cuyo  trifico  arriba  mencionado  es  muy 
grande.    Un  ancho  muy  reducido  debe  usarse  dnicamente  en  case  de  muy  poco  trdfico. 

En  Inglaterra  las  vfas  m^  transitadas  son  hechas  desde  W  i  22f  pies,  y  las  vfas 
nacionales  en  Francia  son  hechas  de  23'  pies  de  ancho. 

Determinaeidn  de  lot  pendierUes. — El  proximo  paso  en  el  estudio,  despu4s  de  las 
consideraciones  hechas  acerca  del  ancho  de  las  vias,  es  la  determinaci6n  de  las  pen- 
dientes.  De  acuerdo  con  la  teorfa,  el  mjirimum  de  pendiente  admitida,  esti  en 
relaci6n  con  el  mayor  peso  esperado,  el  cual  puede  ser  llevado  a  menor  costo.  En  la 
pr6ctica  sin  embargo,  la  maxima  pendiente  est&  tambien  gobemada  por  otrosfactoreB 
en  la  cual  el  peso  puede  ser  llevado  en  muchos  lugares  a  una  tarifa  miixima  de  pen- 
diente establecida,  en  la  cual  nunca  se  excede,  excepto  cuando  los  lugares  y  la  con- 
sideraci6n  del  costo  hace  aconsejable  el  uso  de  mayor  pendiente. 

La  pendiente  debe  estar  ajustada  por  consiguiente  al  car&cter  de  la  superficie  del 
camino  que  debe  estar  en  uso  y  recfprocamente. 

Penditnta  mdximas. — Las  pendientes  del  20  por  ciento  y  m^  se  usan  en  distritos 
montafiosos,  por  el  contrario  en  muchas  del  State  Highway  Departments,  nunca  usa 
X>endientes  mayores  del  7  por  ciento. 

La  pendiente  en  superficies  lisas  de  asfalto  es  usada  y  limitada  al  3  por  ciento,  pero 
requiere  una  calle  que  no  tenga  arena.  Superficies  asfdlticas  han  sido  proyectadas 
con  pendientes  del  4  por  ciento,  pero  son  reebaladizas  cuando  Uueve  o  nieva. 

La  pendiente  en  pisos  de  bloques  de  madera  no  debe  pasar  del  3  por  ciento.  En 
bloquesasfdlticos,  no  debeexceder  del  6  por  ciento.  El  maximum  de  pendiente  con 
ladrillos  vitrificados  ha  sido  usado  en  5  por  ciento. 

Hay  varies  ejemploe  en  otras  ciudades,  en  donde  existen  diferentes  tipos  de  eetos 
pavimentos  y  han  sido  usadoe  con  pendientes  muy  f  uertes. 

Por  ejemplo,  superficies  asMlticas  han  sido  proyectadas,  pendientes  del  7  por  ciento 
y  en  Pittsburg,  Pa.;  existe  ima  pendiente  del  17  por  ciento;  en  pavimentos  de  ladrillo 
ha  sido  usado  en  calles  que  tienen  pendientes  que  varfan  del  8  al  15  por  ciento.  En 
Londres  bloques  de  madera  han  sido  usados  en  calles  cuyas  pendientes  son  del  8  por 
ciento,  en  general  lo  m^  usualmente  considerado  son  pendientes  limitadas  del  4  por 
ciento  para  estos  tipos  de  pavimento. 

Curvas  verticaUs, — Con  el  objeto  de  evitar  la  transicidn  brusca  de  una  pendiente  a 
©tra,  se  proyecta  una  curva  vertical,  en  las  intersecciones  de  las  dos  pendientes,  cuya 
longitud  dependerd  del  costo  de  las  pendientes.  La  par&bola  es  la  forma  de  la  curva 
m^  generalmente  usada. 

En  la  figura,  dos  intersecciones  de  pendientes  estdn  representadas  por  las  Ifneas  AB 
y  BC.  Supondremos  que  la  curva  es  de  200  pies  de  largo  y  que  estar&  estacada  cada 
50  pies.  La  ecuaci6n  de  la  parabola  es:  y'=2  px,  siendo  xeylaa  abscisas  y  la  orde- 
nada  respectivamente  de  cada  punto  de  la  curva.  Segtin  esta  ecuaci6n  se  entiende 
ficilmente  que  las  abscisas  de  los  puntos  de  las  ciurvas,  varian  con  los  cuadrados  de  las 
distancias  desde  el  origen.  La  curva  es  tangente  a  las  dos  pendientes  en  m  y  en  n. 
Tracemos  la  cuerda  mn.  Te6ricamente  las  distancias  y  deben  ser  medidas  a  lo  largo 
de  m.  n.  y  las  distancias  x  perpendiculares  a  esta  Ifnea.  Supongamos  por  el  momentx) 
que  las  Ifneas  or,  Bf ,  ps  eetdn  trazadas.  Una  de  las  propiedadcs  de  la  parabola  es  que 
el  v^rtice  pasa'por  la  mitad  de  la  dlstancia  entre  B  y  f,  si  Bf  es  perpendicular  a  mn, 
entonces  el  punto  e  puede  estar  determinado.  Los  pimtos  r  y  s  est&n  a  la  mitad  de 
la  distanda  entre/ y  m  y/y  n,  respectivamente,  las  ordenadas  de  la  curva  ruy  st  son 
ef  — J  «/;  porque  las  distancias  x  me<Udas  en  este  case  perpendicular  a  mn  varfa  con  el 


Digitized  by  VjOOQIC 


64 


PKOCEEDINGS  SECOND  PAN   AMERICAN   SCIENTIFIC  CONGRESS. 


cuadrado  de  las  y  y  adem^  y=i-  Otros  puntos  de  la  curva  pueden  ser  encontrados 
de  manera  semejante,  siendo  y  siempie  parte  fraccionaria  de/m  o/n.  medidas  desde 
m  y  n  respectivameiite. 

Curvas, — En  los  proyectoe  de  calzadas,  la  eUminaci6zi  de  laa  curvas  agudaa  es  Indis- 
pensable. El  radio  propio  de  las  curvas  depende  en  cases  principales  de  la  longitud 
de  la  pareja  y  el  vagon  y  del  ancho  de  la  via  y  ha  side  establecido  el  paso  de  un  vehiculo 
con  cuatro  parejas  de  caballos,  alcanza  a  50  pies  de  largo,  con  tal  de  mantener  12  pies 


de  via,  necesitando  una  curva  que  tiene  un  radio  interior  de  cerca  de  100  pies.  El 
radio  decrece  cuando  el  ancho  de  la  via  aumenta,  de  suerte  que  18  pies  de  via  necesita 
un  radio  interior  de  cerca  de  66  pies. 

Prdcticamente  en  Francia  se  usan  radios  de  165  pies  para  caminos  nadonales  y  tienen 
32  pies  de  anchura  y  en  cases  extremes  100  pies;  un  radio  de  50  pies  es  usado  en  vlas  muy 
importantes,  los  cuales  tienen  un  ancho  de  20  pies. 


Secc /o>%  j»0T*  ^JB 

En  el  proyecto  de  una  calzada  para  trdfico  de  autom6viles  o  combinado  los  auto- 
mdviles  con  vehfculos  de  tiro,  hay  que  tomar  precauciones  y  deben  considerarse 
sobre  todo  para  los  viajeros.  Las  curvas  muy  fuertes  tienen  puntos  muy  peligrosos 
para  encuentros,  sobre  todo  si  la  vista  presenta  obstdculos. 

En  ocasiones,  si  es  imposible  aumentar  el  radio  de  la  curva,  hay  una  mejora  que 
puede  ser  obtenida  limpiando  lo  que  obstruya  la  via,  de  mode  que  la  curva  pueda 
ser  vista  en  toda  su  longitud,  a  medida  que  se  vaya  avanzando. 
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Loe  radios  de  las  curvas  deben  ser  tan  grandes  como  sean  posibles;  164  pies  lo  menos, 
y  siendo  la  curva,  conectada  con  arcos  parabdllcos  tangentes;  la  parte  de  afuera  de  las 
curvas  deben  estar  algo  levantadas,  como  se  v6  en  la  figura. 
Ri=radio  menos  que  la  mitad  de  la  anchura  usual  de  macadam. 
d 


R,=Rx+; 


;  d  varfa  desde  2^  a  8^. 


ex.  sec  A 
2 

Fitmes. — ^£21  firme  como  superficie  lisa  para  los  vehfculos  es  hecho  de  dos  maneras: 
por  interBecci6n  de  pianos,  o  por  curvas  circtdares. 

Cdlculo  de  las  curvas  delfinm, — ^Han  sido  estudladas  vanas  f6rmulas  para  estos  casos, 
hace  muchos  afios  en  diferentes  dudades  y  Estados  de  los  Estados  Unidos,  y  priU:tIca- 
mente  no  se  ban  uniformado. 

Estas  f6rmulas  son  de  dos  tipos:  Muchas  de  ellas  estdn  basadas  en  las  curvas  para- 
b61icas;  en  algunas  se  da  la  cima  de  la  coronaci6n  pero  no  su  dlstribuci6n,  mlentras 
en  otras  la  dma  de  la  coronaci6n  es  supuesta  y  la  f6rmula,  da  su  distribuci6n: 

Las  siguientes  fdrmulas  fueron  deducidas:  r 

^^  6.300-f5()P»  * 
C=coronaci6n  en  pulgadas. 
F=pendiente  longitudinal  expresada  por  %. 
Wsancho  de  la  via  en  pulgadas. 


La  distribuci6n  de  la  parte  superior  de  la  coronaci6n,  cuando  las  curvas  estin  a 

on 

nivel,  son  obtenidas  por  las  f6rmulas:  d=»QoT>  ^^  donde 

d  pendiente  transversal  expresada  en  por  %. 
R  Ancho  de  la  via  en  pies 

a  6  b+jQ^^^^'^^^cidn  en  A  6  D 


a  6  b+jn  la  elevaci6n  en  B. 

La  coronacidn  cuando  las  curvas  tienen  diferente  elevaci6n,  son  dadas  por  las 
f6rmulafi  siguientes: 


a-b , R_ 
1.5d"^2~'' 


b-f  -o-=*la  elevaci6n  en  A. 


,3  yd 
4 

yd 


3Xd 


=la  elevaci6n  en  B. 


a-f-~-  =la  elevaci6n  en  B. 


a4--^=la  elevaci6n  en  D. 
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Para  pa\amento8  dc  ladrillo,  bloques  de  piedra,  bloques  de  madera, 

W(100--£f) 
^~     6.000 

En  las  cualee,  C=coronaci6n  del  pavimento  en  pies;  W^distancia  de  laa  curvM 
en  pies;  f=pendiente  de  la  calle  en  pies  por  100. 

Maquinarias  mds  iLsadaa. — £s  indispensable  para  la  prictica  de  las  operacioues  de 
una  calzada  que  ee  empleen  toda  clase  de  mdquinas  con  el  objeto  de  que  los  trabajos 
Bean  lo  mdd  econ6mico6  posibles. 

Consta  un  tien  de  esta;  clase,  de  lo  siguiente:  (P)  Una  miquina  que  va  adelante, 
llamada  "pala  draga"  cuyo„ objeto  principal  es  de  recoger  los  detritus  y  la  tierra  que 
Be  va  obteniendo  por  efecto  de  los  explosivos  practicados  en  las  rocas.  Estas  m&quinas 
alcanzan  a  recoger  en^un  minuto  de  1  a  4  toneladas  de  estas  materias,  y  verifican  doe 
operaciones  por  minuto;;.(2«),una  serie  de  diez  a  doce  volquetes  unidoB  en  fila,  y 
mediante  mecanismos  especiales  van  dejando  sobre  la  superficie  del  suelo,  el  triturado 
o  cascajo  necesario  para  la  preparaci6n  del  firme;  (3®)  una  mdquina  que  lleva  en  bu 
parte  inferior  una'especie  de  rastrillo,  y  que  de  aqui  le  viene  el  nombre  de  "mdquina 
rastro,*'  tiene  por  objeto  ir  desparramando  sobre  dicha  superficie,  el  cascajo  que  Iob 
volquetes  anteriores  van  dejando,  y  extienden  de  esa;manera  el  triturado,  con  el 
objeto  de  formar  una  capa^uniforme  y  finalmente  otra  m&quina  de  las  ya  conocidas 
llamadaa  "cilindradoras''  van  comprimiendo  y  apisonando  el  cascajo  de  manera  de 
dejar  la  superficie  lista  para  ecbar  la  clase  de  recebo  que  se  haya  elegido. 

Recebos, — ^Una  vez  obtenido  el  firme  en  condiciones  de  buena  solidez  se  precede  a 
elegir  la  capa  que  debe  cubrir  este  piso,  para  obtener  una  superficie  perfectamente 
tersa;  en  la  cual  los  camiones  automo  tores  puedan  con  gran  facilidad  verificar  sua 
velocidades.  Estas  capas  superficiales  pueden  ser  de  varias  clases,  segtlin  las  condi- 
ciones econ6nucas  y  topogrdficas  a  saber:  macadam  bituminoso — de  concrete  y  de 
asfalto;  macadam  bituminoeo— caminoe  de  mezcla  y  caminos  de  penetraci6n. 

En  tre  las  muchas  recomendaciones  hechas  por  los  ingenieroe  consul  tores  a  la  Comisidn 
de  eficiencia  y  de  economfa  del  Estado  de  Nueva  York  con  referencia  a  la  revision 
de  las  vlas  ptiblicas  figura,  la  que  no  deben  seguirse  construyendo  caminos  de  penetra* 
ci6n  y  que  todo  camino  que  tenga  como  base  el  betdn  debe  hacerse  en  lo  futuro  con  el 
procedimiento  conocido  con  el  nombre  de  mezcla.  Dicha  recomendaci6n  ha  hecho 
Biurgir  una  di8cusi6n  vigente  hace  tiempos  entre  ingenieros  y  dem^  personas  interesa* 
das  en  la  construcci6n  de  caminos.  Es  posible  que  esos  individuos  se  dividan  en 
partes  casi  iguales  Centre  defensores  y  enemigos  de  la  construcci6n  llamada  de  pene- 
traci6n.  La  raz6n  para'^esta  diferencia  estriba,  hasta  donde  puede  saberse  en  que  la 
mitad  de  aquellos  que  tienen  opiniones  definidas  en  el  asimto  han  tenido  experiencia 
favorable  con  los  caminos^de  penetraci6n,  en  tanto  que  la  otra  mitad  carece  de  tal 
experiencia. 

Sobre  los  m^ritos  de  la  cuesti6n  un  perito  imparcial  se  veria^inclinado  a  estar  de 
acuerdo  con  las  recomendaciones  hechas  al  departamento  de  eficiencia  y  de  ecomomfa. 
La  base  de  tal  acuerdo  est&  en  que  el  m^todo  de  penetraci6n  admite  mucha  incerti- 
dumbre  e  irregularidad  y  en  ^  es  muy  diffcil  lograr  uniformidad  en  la  obra.  La 
manera  como  se  aplica  el  bettln  y  la  posibilidad  de  que  ^te  se  encuentre  sucio  o 
Irio  o  ambaB  coeas  a  la  vez  o  que  se  aplique  a  una  temperatura  demasiado  baja  o  en 
cantidades  insuficientes  son  argumentos  que  obran  indudablemente  contra  el  m^todo 
de  penetraci6n.  Por  otra  parte  es  evidente  que  los  mejores  caminos  bituminoeos  del 
Estado  de  Nueva  York,  por  ejemplo,  son  los  caminos  de  penetraci6n  construidoe  hace 
cuatro  afios  bajo  inspecci6n  muy  hdbil  y  con  cuidado  ejercido  en  todas  las  etapas  del 
trabajo  para  lograr  asf  los  mejores  resultadoe.  No  puede, decirse  lo  mismo  respecto 
ajlos  caminos  de  penetraci6n  construfdoe  en  el  Estado  de  Nueva  York  en  los  (U times 
dos  afios.  En  algunos  cases  eeoB  caminos  no  estdn  en  tan  buenas  condiciones  como  los 
otros.  Pero  en  Nueva  York,  en  muchas  partes  de  los  Estados  Unidoe  y  en  Inglaterra  ha 
quedado  demostrado  fuera  de  toda  duda  que  pueden  construirse  espl^ndidoe  caminos 
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bituminoeoe  por  el  m^todo  de  penetraci6zi.  Dondequiera  que  dsto  sucede,  es  decir 
en  mucbas  partes,  es  intitil  decir  a  las  autoridadee  ptiblicas  y  a  los  ingenieros  que  tal 
m6todo  debe  abandonarse.  £1  m^todo  babria  de  continuarse  invariablemente  teniendo 
como  base  los  resultadoe  obtenidoe.  Si  el  m^todo  se  abandona  en  Nueva  York  babrd 
de  significar  mucbos  mayores  gastos  sin  la  seguridad  de  mejores  resultados  a  menos 
que  so  aplique  a  la  construcci6n  de  penetracidn  mayor  cuidado  de  babilidad. 

Esto  nos  hace  pensar  en  los  m^ritos  del  m^todo  Uamado  de  mezcla.  Existen  multi- 
tud  de  caminos  de  esta  clase  que  prueba  por  el  descuido  con  que  se  ban  hecbo  que 
tal  m^todo  estd  lejos  de  ser  infalible.  Pero  es  verdad,  por  otra  parte,  que  mezclando 
cascajo  caliente  y  bettin  es  poslble  obtener  superficies  mds  densas  obteniendo  as!  la 
posibilidad  de  lograr  una  liga  entre  el  betdn  y  la  piedra.  Pero  si  hay  descuido  y  falta 
de  babilidad  en  la  construcci6n  de  los  caminos  de  mezcla  el  resultado  es  mucho  peor 
que  el  obtenido  con  el  m^todo  de  penetraci6n.  Adem^  la  construcci6n  de  un  camino 
de  mezcla  exige  una  planta  y  equipo  que  rara  vez  se  consigue  para  la  construcci6n 
de  un  camino.  Es  dificil  para  los  contratistas  adquirir  m^uinas  para  calentar  sufi- 
cientemente  piedras  de  gran  tamaflo  para  construir  caminos  por  este  m6todo.  A  ello 
se  debe  el  gran  ndmero  de  fracasos  en  los  caminos  de  este  tipo.  Incidentalmente  se 
presenta  la  oportunidad  para  que  alguien  invente  una  planta  de  equipo  port&til  o 
semi-portdtil  con  suficiente  capacidad  para  la  cantidad  de  piedra  que  se  necesita 
para  el  efecto.  El  aparato  debe  ser  econ6mico.  Se  dice  que  esa  mAquina  existe 
en  Inglaterra,  pero  basta  ahora  no  ba  llegado  al  mercado  de  los  Eetados  Unidos. 

Es  este  pues  el  sumario  de  los  argimientos  en  favor  y  en  contra  de  los  caminos  de 
penetracidn  y  de  mezcla.  Serfa  necio  abandonar  uno  de  los  dos  m^todos;  pero  si  es 
indispensable  que  se  exija  en  la  aplicaci6n  de  uno  y  otro  todo  lo  que  la  experiencia 
ha  ensefiado  que  sea  indispensable  para  el  6xito.  Existen  buenoe  y  nudos  caminos 
de  penetraci6n  y  buenos  y  malos  caminos  de  mezcla.  Teniendo  en  cuenta  las  difi- 
cultades  del  costo  de  la  construcci6n  de  mezcla  en  gran  escala,  se  puede  decir  por  lo 
menos  que  ^ste  todo  no  tiene  esperanzas  mayores  de  6xito  que  el  otro.  Seda  extra- 
ordinariamente  titil  que  la  discusi6n  general  sobre  este  m^todo  fuera  m^  general  y 
que  se  pudiera  obtener  la  opini6n  de  todos  los  constructoree  de  caminos  del  pais, 
opini6n  basada  sobre  las  ventajas  y  desventajas  relativas  a  los  dos  m^todos  de  cons- 
tznccidn,  determinando  asf  si  el  procedimiento  recomendado  por  el  Estado  de  Nueva 
York  deberfa  ser  generalmente  adoptado. 

Consiruccidn  (jyreparacidn  de  la  superfide  de  caminos). — Antes  de  construir  una 
superficie  bituminosa  o  un  camino  de  piedra  triturada  o  cascajo,  todas  las  depresiones, 
agujeros,  u  otras  irrogularidades  debfan  eliminarse  completamente  llendndolas  con 
piedra  cubierta  de  betdn  para  que  la  superficie  quede  pareja.  Todo  el  polvo  superfluo 
debe  alejarse  por  medio  de  barredores  automdticos  y  escobas  especiales  adecuadas  para 
eete  ob jeto .  Una  vez  barrida,  la  superficie  quedard  de  modo  que  las  piedras  de  la  capa 
superior  se  descubran  sin  dafiar  la  liga.  En  la  preparaci6n  de  un  camino  macadam  o 
de  cascajo  en  que  se  aplique  el  material  bituminoso,  es  evidente  que  el  m^todo 
empleado  primitivamente  infiuird  en  la  superficie  bituminosa  empleada  posterior- 
mente.  Por  ejemplo,  ai  se  adopta  el  sistema  empleado  por  los  ingenieros  franceses 
de  piedras  grandes  de  una  pulgada  a  dos  y  dos  y  media  en  su  mayor  dimensi6n  para  la 
capa  superior  de  un  camino  macadam  y  si  esta  piedra  es  tenaz  y  dura,  se  podrd  obtener 
una  buena  superficie.  No  solamente  es  de  la  mayor  importancia  eete  aspecto  de  la 
construcci6n,  del  punto  de  vista  de  la  formacidn  de  una  superficie  bituminosa  satis- 
factoria,  sino  que  el  mantenimiento  de  esta  superficie  se  simplifica  mucho  m^  y  es 
m^  econ6mico  pueeto  que  ai  la  superficie  bituminosa  se  gasta  en  algunos  puntos  las 
piedras  grandes  por  si  mismas  tendr&n  suficiente  estabilidad  para  resistir  los  efectos 
del  trdfico.  Evidentemente  ^te  debe  ser  el  car^ter  ideal  de  las  superficies  para 
que  reciba  la  capa  de  material  bituminoso  pues  que  la  liga  que  de  all!  resulte  serd 
naturalmente  excelente.  Por  otra  i>arte  si  la  capa  superior  de  un  camino  macadam 
ha  ddo  construido  por  medio  del  cilindro  solamente,  serd  muy  dificil  adquirir  una 
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Buperficie  limpia.  Es  mucho  mds  diflcil  no  solamente  preparar  la  superficie  do  este 
tipo  satisfactoriamente,  sino  que  las  probabilidades  de  fracaso  son  mucho  mds  grandes 
debido  a  la  cantidad  considerable  de  despojos  que  quedan  entre  las  piedras,  muchos 
de  los  cuales  pueden  ser  hdmedos  aunque  aparentemente  a  la  vista  parezcan  secos. 

Al  aplicar  el  material  bituminoso,  la  superficie  debe  quedar  perfectamente  seca  y 
libre  de  polvo.  Si  se  usan  ciertos  aceites  bituminosos  y  la  superficie  estd  ligeramente 
htimeda  cuando  se  aplica  el  material  creen  algunos  ingenieros  que  pueden  lograrse  los 
buenos  resultados  porque  en  su  opini6n  se  obtiene  una  distribuci<5n  mds  igual  y  adhe- 
siva  que  cuando  la  superficie  osti  perfectamente  seca. 

Hay  siempre  una  ligera  capa  de  polvo  que  se  adhiere  a  la  superficie  de  piedra  e 
impide  la  adhe8i6n.  El  polvo  estd  formado  con  los  despojos  de  la  roca  y  como  la  arcilla 
es  mis  o  menos  gelatinosa  resulta  as!  que  el  polvo  en  estas  condiciones  se  ablandard 
con  el  aceite  cuando  6ste  se  aplique  a  la  superficie  y  se  mezclard  con  €\  tan  rdpidamente 
que  el  betdn  entrard  en  contacto  con  la  roca  si  despu^  de  la  evaporacidn  del  agua  se 
ligara  perfectamente.  La  arcilla  y  el  agua  se  mezclardn  con  cualquier  clase  de  aceite 
bituminoso  y  con  la  mayor  f acilidad .  Esto  ha  side  muy  usado  en  Alemania  en  la  cons- 
trucci6n  de  caminos. 

La  arcilla  y  el  agua  se  mezclan  con  el  aceite  en  el  carro  de  irrigaci6n  con  el  cual  se 
humedece  el  camino. 

AplicadSn  del  material  bituminoso. — La  distribuci6n  se  efectda  por  dos  m6todo8 
generales.  En  el  uno  se  utilizan  las  leyes  de  gravedad  y  en  el  otro  se  usa  el  de  la  pre- 
8i6n.  En  el  primer  m^todo  se  usan  las  siguientes  aplicaciones  mecdnicas:  Regaderas, 
distribuidores  de  mano,  tanques  equipados  con  mangueras  flexibles  y  mdquinas  de 
distribuci6n  horizontal  con  escobillas  o  sin  611as.  La  distribuci6n  de  presi6n  se  efectila 
por  medio  de  un  tanque  de  presi6n  al  cual  se  une  una  manguera  flexible  provista  de 
una  o  mds  bolquetes  y  por  medio  de  mdquinas  con  tubos  de  distribuci6n  horizontal 
provistos  de  bolquetes  adecuados. 

Distnlmcidn  de  presiSn  y  de  gravedad, — Con  respecto  a  la  apUcaci6n  del  material 
bituminoso  es  de  advertir  que  los  distribuidores  de  gravedad  no  han  tenido  su  pleno 
desarrollo  en  America  porque  el  uso  de  las  escobillas  metdlicas  no  ha  sido  adoptado 
jamds.  Las  supuestas  ventajas  de  la  distribucidn  de  preai6n  son  de  mas  fdcil  aplica- 
ci6n.  Debe  tenerse  en  cuenta  sin  embargo  que  barriendo  despu^s  de  la  distribuci6n 
llamada  de  gravedad,  es  posible  repartir  uniformemente  la  cuarta  o  la  quinta  parte  de 
un  galdn  por  yarda  cuadrada  de  muchos  de  los  materiales  bituminosos  usados  en  eea 
clase  de  superficie.  En  algunos  casos  la  adherencia  del  material  al  camino  es  tan  buena 
y  la  penetraci6n  de  los  materiales  bituminosos  en  las  grietas  se  logra  mucho  mejor 
cuando  se  aplica  a  mano  que  cuando  se  emplea  la  pre6i6n. 

Cantidad  empleada  de  material  bituminoso. — Por  regla  general  se  emplea  de  un  cuarto 
a  medio  gal6n  por  yarda  cuadrada.  En  algunos  casos  sin  embai^go  llega  a  disminuirse 
esa  cantidad  a  un  octavo  de  gal6n  por  yarda  cuadrada.  La  cantidad  que  so  emplee 
dependerd  de  la  clase  de  material  bituminoso,  de  las  condiciones  de  la  superficie,  y 
del  m^todo  especial  que  haya  de  aplicarse. 

PresiSn  superior. — La  capa  superficial  del  material  bituminoso  se  cubre  general- 
mente  unas  vecea  con  arena  ordinaria  o  con  cascajo  fino  o  con  guijarros  cemidos  en 
capas  de  un  octavo  de  pulgada  a  media  pulgada.  La  cantidad  de  arena  de  guijarros 
o  de  cascajo  que  se  emplee  por  yarda  cuadrada  depende  de  la  cantidad  y  calidad  de 
los  materiales  bituminosos.  De  7  a  35  libras  por  yarda  cuadrada  se  han  empleado  en 
muchos  casos.  Cuando  se  empleen  aceites  bituminosos  pasados  la  capa  de  materia 
mineral  es  absolutamente  necesaria.  Con  algunas  clasee  de  breas  sin  embargo  se 
han  obtenido  resultados  satiafactorios  prescind iendo  de  la  capa  de  materia  mineral. 
Esta  prdctica  es  general  en  algunos  lugares  de  Inglaterra  en  donde  puede  suspenderse 
ell  trdfico  del  camino  mientras  se  aplica  la  brea.  Aunque  no  es  neceeaiio  en  todo  caso 
cilindrar  la  capa  superior  con  6\\o  mejora  muchfsimo  la  superficie  bituminoea.  Al 
pasar  sobre  la  capa  de  material  bituminoso  la  materia  mineral  cae  sobre  un  cono 
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giratorio  puesto  bajo  el  cuerpo  del  carro  y  se  difltribuye  uniformemente  por  toda  la 
sui>erficie. 

ConstrucciSn  de  camxnoi  de  eonereto, — Parece  que  exlBten  cuatro  condicionea  eeen- 
ciales  para  la  construccidn  correcta  de  caminofl  de  concrete: 

Base  compacta  con  buen  desagtle. 

Concrete  que  tenga  argamasa  que  ligue  firmemeDte  y  agregadoB  que  reei^tan  el  de^ 
gaste,  y  puestos  de  tal  manera  que  ^stas  dos  cualidades  presten  mayor  Bervicio  donde 
mayor  necesidad  baya  de  elloe. 

M^todo  de  endurecimiento  que  as^gure  el  mayor  deearrollo  poaible  de  la  fuerza  del 
material. 

Las  uniones  de  la  obra  debeu  llenarse  con  un  material  el&stico  y  protegidos  de 
manera  que  los  bordee  no  se  derrumben  por  el  peso  del  tr&fico. 

Baae.—ljA  base  es  decir  los  cimientos,  son  de  la  mayor  importancia,  no  solamente 
porque  su  preparaci6n  es  la  primera  operacidn  sino  porque  toda  la  buena  obra  que 
sigue,  queda  seriamente  x>6]judicada  por  los  desculdos  que  aqiif  se  ocaaionan.  Los 
cimientos  deben  ser  firmes,  compactos,  y  con  buenos  desagdes.  Las  grietas  en  los 
caminos  de  concrete  son  mia  frecuentes  de  desagtles  imperfectos  ode  compactaci6n  del 
cimiento  que  de  otra  cosa. 

Concrete:  El  concrete  debe  ser  suficientemente  firme  para  reeistir  el  deegaste 
causado  por  el  trdfico.  La  aigamasa  en  6ste  concrete  debe  ser  suficientemente  f  uerte, 
de  manera  que  el  golpe  del  tr^co,  que  se  hace  sentir  at!in  en  superficies  relativamente 
Buavee  no  disgregue  las  partes  componentes  de  la  superficie.  Debe  exigirse  de  la 
aigamasa,  en  un  camino  perf  ectamente  construldo  que  mantenga  bien  en  su  lugar  el 
cascajo  y  la  tieira  molida.  No  se  puede  esperar  de  la  aigamasa  que  reeista  etema- 
mente  al  deegaste,  pero  sf  debe  ser  suficientemente  fuerte  para  que  sirva  de  matrix 
perfecta  a  la  tierra.  La  piedra  debe  ser  suficientemente  fuerte  para  resistir  basta 
donde  sea  posible  el  desgaste  del  tr&flco. 

Para  lograr  estas  dos  ventajas,  es  decir  una  aigamasa  que  ligue  bien  y  una  piedra 
durable,  es  necesario  que  el  material  sea  duro,  limpio  y  bien  selecclonado.  Todos 
los  consultores  de  caminos  se  convencer&n  bien  pronto  que  la  existencia  de  cascajo 
disponible  en  las  cercanlas  de  la  obra  es  frecuentemente  material  inadecxuuio.  Debe 
elegiise  cascajo  lavado  y  seleccionado.  Generalmente  la  natiuraleza  tiene  un  dep6sito 
de  material  lavado  y  seleccionado,  pero  no  se  puede  fiai  de  manera  absoluta  en 
la  naturaleza.  £n  algunos  cases  ba  ballade  que  una  mescla  de  una  parte  de  cemento, 
una  y  media  partes  de  arena  y  tres  partes  de  piedra  triturada  o  guijarros,da  resultados 
eatisfactorios  segtin  pruebas  del  laboratoiio  con  tr&fico  simulado  y  acelerado  de  acuerdo 
con  condiciones  actuales  de  desgaste  del  tr&fico.  La  experiencia  parece  indlcar 
que  la  dureza  unilorme  en  el  agregado  es  lo  que  se  desea.  IJnos  pocos  guijairos  blandos 
podr&n  iniciar  un  agujero,  asi  como  un  ladiillo  relativamente  blando  puede  amenazar 
la  Bolidez  de  un  area  grande  de  pavimento  de  ladnllo.  Aunque  conveniente,  no  as 
eeencial  el  pavimento  de  una  capa.  A  menudo  es  posible  obtener  suficiente  agr^gado 
de  buena  calidad  para  una  capa  superior  cuando  ae  trata  de  im  precio  excesivamente 
alto  para  usar  dicbo  agregado  en  toda  la  obra. 

La  mezcla  que  se  emplee  no  debe  ser  muy  aguada  o  liquida  y  debe  tener  cierta 
consistencia  de  denaidad  es  decir  que  forme  matriz  perfecta  y  prepaiada  de  tal  modo 
que  la  aigamasa  una  bien  y  se  gaste  parejo  con  la  piedra,  obteniendo  asf  una  buena 
superficie,  pues  cualquier  irr^ularidad  acelerarla  en  gran  parte  la  acci^n  de  los  golpes 
continuos  el  desgaste  natural  de  la  via. 

Endurecimiento:  Una  vez  puesto  el  concreto,  este  debe  quedar  suficientemente 
endurecido,  No  debe  secarse  rdpidamente.  Debe  re^guardarse  del  sol  y  del  vieuto, 
manteni^ndolo  btimedo  durante  las  primeras  boras  de  su  endurecimiento. 

Uniones:  Esto  es  todavfa  un  asunto  discutible,  en  cuanto  a  que  se  cree  conveniente 
suprimirlas  enteramente  del  pavimento.  Tal  vez  mis  tarde  la  pr&ctica  aconsejard 
que  es  mejor  formar  el  pavimento  sin  tener  en  cuenta  las  uniones  transversales  en 
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donde  puede  efectuarse  la  contracci6n  y  dilataci6n,  ateni^doee  tmlcamente  a  las 
uniones  que  se  formen  naturalmente.  Atin  el  jiiicio  sensato  parece  aconsejar  la 
lonnaci6a  de  uniones  a  intervalos  detennlnados  de  antemano  tales  como  de  23,  30  o 
quizis  40  pies  disponi^ndolas  da  tal  inodo  que  no  sufran  con  el  trdfico. 

Debe  tenerse  en  cuenta  que  ^sto  mismo  se  hace  con  resultados  satisfactorlos  en  el 
caso  de  planchas  protectoras  de  acero  que  son  susceptibles  al  calor  y  al  fiio.  Debia 
imitarse  68to  por  via  de  experimento  para  formar  asi  una  base  s^gura  en  la  pr^tica 
como  lo  hecho  por  la  Junta  de  las  Vfas  Publicas  de  los  Estados  Unidos. 

Historia  y  ventajas  de  las  calzadas  asfdlticas. — ^Ya  se  sabe  que  si  se  lleva  el  asfalto  a 
una  temperatura  vecina  de  100°»  el  betdn  de  impregnaci6n  que  forma  la  uni6n  de 
mol^ulas,  se  disgrega,  los  granos  se  separan  y  la  roca  se  vuelve  polvo. 

Si  se  mantiene  eete  polvo  caliente  y  se  le  comprime  en  un  molino,  las  mol^ulas 
se  recogen  mutuamente  y  la  materia  vuelve  a  su  eetado  de  dureza,  despu^  del  enfria- 
miento.  Ahora  bien  si  en  vez  de  compiimir  este  polvo  en  un  molino,  se  extiende 
Bobre  un  suelo  resistente  y  se  le  da  a  la  capa  un  espesor  de  algunos  centfmetros  y  se 
comprime  esta  capa  con  pisones  o  con  maquinarias  especiales  se  obtiene  cuando  se 
ha  enfriado,  una  costra  monolltica,  muy  semejante  a  la  roca  primitiva.  Tal  es  el 
principio  de  las  calzadas  en  asfalto  comprlmido. 

Un  ingeniero  suizo,  M.  Marian,  fu^  el  primero  que  ensay6  con  gran  ^xito  este  nuevo 
aistema.  Construyd  en  1849  en  la  Villa  de  Travers  (Canton  de  Neuchdtel)  una  cal- 
zada  en  asfalto,  con  excelentes  resultados.  En  1850  M.  Darcy,  inspector  general  de 
puentes  y  calzadas  al  r^greso  de  su  misi6n  en  Londres,  a  donde  61  habia  ido  a  estudiar 
la  manera  de  componer  las  calzadas  de  Paris,  en  donde  ya  el  ndmero  de  vehfculos 
era  considerable  hall6  y  asf  lo  manifest^  al  Ministro  de  Obras  Pdbllcas,  que  la  ver- 
dadera  forma  de  establecer  una  red  de  calzadas,  que  dieran  absolutas  garantfas  era 
empleando  la  roca  asfiltica. 

ConatrucciSn  de  cahadas  en  asfalto  (xmtprimido, — Las  principales  operaciones  que  se 
necesltan  para  la  construcci6n  de  una  calzada  de  asfalto  comprimido  son:  (a)  El 
rompimiento  de  la  roca;  (b)  la  calefacci6n  del  polvo;  (c)  el  trasporte  del  polvo 
caliente  al  pie  de  la  obra;  (d)  la  extensi6n  del  polvo  sobre  el  firme;  (e)  el  aplsona- 
mien  to;  (f)  y  finalmente  el  cilindramiento. 

Rompimiento  de  la  roca, — Despu^  de  extrafda  la  roca  de  la  mina  en  grandes  trozos, 
se  precede  a  desquebrajarla  o  romperla  en  fragmentos  bien  pequefios,  para  lo  cual  hay 
desquebrajadores  mecdnicos  de  gran  potencia  que  los  reducen  al  tamafio  de  un  huevo. 
De  este  tamafio  pasa  por  un  laminador  que  lo  reduce  mis  adn  y  asf  sucesivamente 
hasta  llegar  a  un  tamiz  por  donde  pasa  hecho  ya  un  polvo  muy  fine.  De  aquf  pasa  a 
un  elevador,  y  lo  conduce  a  los  calentadores. 

Calefacd&n. — La  roca  asi  obtenlda  del  tamiz,  esti  en  estado  propio  para  ser  sometida 
a  la  cidef acci6n .  Esta  operaci6n  se  practica  sobre  una  plancha  de  palastro  ligeramente 
c6ncava,  de  tres  metres  de  longitud,  por  dos  metres  de  ancho  poco  mds  o  menos,  calen- 
tada  por  debajo  por  medio  de  un  homo  colocado  ad  hoc.  Be  extiende  sobre  esta  placa 
caliente  700  a  800  kilogramos  de  roca  pulverizada.  Dos  hombree  provistos  de  palas 
agitan  este  polvo  de  manera  de  poner  sucesivamente  todas  las  partes  en  contacto  con 
la  superficie  caliente.  Al  fin  de  una  hora  poco  mis  o  menos,  el  polvo  ha  llegado  a  la 
temperatura  de  120  grades;  temperatura  necesaiia  para  ser  empleada. 

Transporte  del  polvo  caliente. — El  asfalto  es  mal  conductor  del  calor.  Esta  propiedad 
es  muy  ventajosa  para  sus  aplicacionee;  pues  se  puede  transportar  en  grandes  toneles 
o  carros  cubiertos  con  alguna  capa  inpermeable,  y  de  esa  manera  se  llevan  de  8  a  10 
kil6metros  de  distancia,  obteniendo  dnicamente  una  baja  de  temperatura  de  8°  a  10°. 

Eztensidn  sobre  la  superficie  del  suelo. — La  extension  del  polvo  calentado  sobre  la 
superficie  del  suelo,  exige  de  parte  del  obrero  que  lo  ejecuta  una  habilidad,  y  una 
aeguridad  de  mano  tales,  que  es  necesaiio  tener  obreros  especialistas  en  esta  maniobra. 
Su  papel  es  en  efecto  el  mis  importante.  Debe  por  medio  de  una  regla,  igualar  la 
capa  de  polvo  exactamente  al  espesor  necesario  para  obtener,  s^n  la  compresi6n,  el 
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espesor  definitivo  preecrito.  Es  preciso  por  otra  parte  mantener  en  cada  parte  de  la 
capa  un  peso  especlfico  uniforme.  Es  claro  comprender  que  antes  de  colocar  la  capa 
asf&ltica,  es  necesario  que  el  firme  est^  muy  bien  cimentado  y  arreglado  y  ademds  y 
esta  observaoldn  es  muy  importante,  que  no  haya  humedad  de  ninguna  clase  en  el 
firme  pues  el  calor  del  polvo  asfdltico  vaporiza  el  agua,  y  este  vapor  busca  su  salida  a 
trav^  de  la  capa  asf&ltica  produciendo  en  dicha  costra  grietas,  que  acaban  con  su 
estado  compacto  y  hace  en  poco  tiempo  la  calzada  ruinosa. 

Apisonamiento. — Se  comienza  por  comprimir  las  oiillas,  es  decir  los  puntos,  en  que 
el  polvo  estd  en  contacto  con  los  bordes  de  las  cunetas,  aceras  o  asfalto  hecho  anterior- 
mente.  Si  se  ha  de  continuar  un  trabajo  principlado  la  vlspera  e  intemimpido  por  la 
noche,  se  limpia  con  ctddado  la  parte  de  la  costra  asfdltica  ya  fria  y  se  la  cubre  con 
polvo  caliente,  despu^  se  quita  este  polvo  y  se  le  reemplaza  por  el  que  ha  de  ser 
definitivo.    Este  comprimldo  vigorosamente,  se  suelda  f  4cilmente  con  la  obra  antigua. 

Cilindramiento. — Se  completa  la  operaci6n  haciendo  pasar  sobre  la  costra  asfdltica 
a<ln  caliente  dos  cilindros  de  fundickSn,  uno  de  200  y  otro  de  1,500  kilogramos. 

V.   CONS£BVACI6n   DB  las  GALZADA8  AUTO  MO  VILI  ARIAS. 

La  conservaci6n  de  una  calzada  automoviliaria  principia  con  su  construcci6n.  Es 
cue6ti6n  ya  indiscutible  este  punto  de  conservaci6n,  para  lograr  obtener  indefinida- 
mente  y  por  espacio  de  muchos  aflos  una  calzada  como  el  primer  dia  de  construlda. 
En  Europa  y  en  los  Estados  Unidos  esta  es  la  forma  de  su  con8ervaci6n  y  por  eso  las 
vias,  carreteras,  calzadas  y  calles,  se  encuentran  siempre  en  perfecto  estado  sin 
dar  lugar  a  reparaciones  costoeas  y  complicadas.  De^;raciadamente  entre  nosotros  no 
se  ha  tenido  en  cuenta  este  sistema  de  conservaci6n  de  capital  importancia;  pues 
segtin  se  v6,  cuando  una  carretera  o  calle,  se  encuentra  ya  en  estado  deplorable  e 
intransitable,  es  cuando  se  piensa  en  su  reparaci6ny  resultando  por  consiguiente  de 
esto  la  hechura  de  nuevo  de  la  obra. 

Ahora  bien;  desde  el  punto  de  vista  econdmico,  esta  es  su  soluci6n  pues  es  prefer ible 
estar  pagando  por  su  diaria  reparaci6n  un  salario  muy  reducido  que  cada  cuatro  o 
cinco  ajloe  destinar  sumas  fuertee  para  la  reparaci6n  de  una  gran  parte  de  la  via. 
Ademds,  en  simples  reparaciones  no  se  molesta  e  interrumpe  el  trdfico,  como  sucede  en 
las  composiciones  y  reparaciones  en  grande  escala. 

Para  las  calzadas  automoviliarias,  la  conservaci6n  principia  el  mismo  dia,  en  que 
la  calzada  se  di6  al  tr&fico,  y  consiste  esta  operaci6n  en  ir  examinando  un  empleado 
detenidamente  la  calzada  ya  medida  que  encuentre  un  orificio  o  grieta  por  insigni- 
ficante  que  esta  sea  proceder  inmedlatamente  con  -peoneB  de  poco  salario  a  limpiar  y  re- 
limpiar  la  pequefia  abertura,  por  medio  de  unas  escobillas  eepeciales,  hasta  que  se  haya 
cercionado  de  que  la  cavidad  estd  perfectamente  libre  de  impurezas,  granitos  de 
arenilla,  polvo,  etc.  Verificada  esta  primera  operaci6n,  viene  detr^  de  estos  obreros, 
un  cami6n  automotor,  el  cual  lleva  la  sustanciabituminosa,  y  dejacaer  sobre  dicha  con- 
cavidad  la  porci6n  necesaria  de  este  material;  despu^  se  pisona  y  comprime  fuerte- 
mente,  hasta  formar  la  uniformidad  de  piso  con  la  dem^  superficie.  Asi  sucesiva- 
mente  se  procede,  con  todas  las  dem^  cavidades  que  se  encuentre  y  de  esa  manera  se 
mantiene  la  calzada  en  perfecto  buen  estado. 

An&logamente  se  proceder&  con  todas  las  dem&s  clases  de  firmee;  no  deecuidando 
nunca  alguna  imperfecci6n  por  pequefia  que  esta  sea;  y  de  esa  manera  el  costo  de  su 
reparaci6n  anual  es  insigni ficante. 

C(m8trucci6n  y  reparo  de  las  calks. — Para  no  hacer  demasiado  largo  este  estudio,  voy 
a  dar  unas  ideas  generales  sobre  este  p&ragrafo,  y  con  esto  terminard  el  proyecto  que 
me  proponla  deearrollar. 

El  sistema  de  calles  asfaltadas  es  bastante  bueno  y  da  excelentes  resultados,  pero 
sabi^dolo  hacer,  y  utilizando  materiales  de  buena  calidad.  En  los  par&grafos  ante- 
riores,  se  ha  expuesto  ya  el  m^todo  de  construcci6n,  y  la  manera  como  da  muy  buenos 
reeultados.    Tambi^n   las   calles   construldas   de   macadam   bituminoso,    procedi- 
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miento  que  ee  ha  dejado  expuesto,  ee  muy  anilogo  al  sistema  de  aa&iltadoe,  y  da 
notables  condiciones  de  tr&fico.  En  cualquieia  de  estos  procedimientoe  hay  que 
tener  muy  preeente  su  repaiacidn  inmediata;  puee  cualquier  siBtema  de  pisos  per 
notable  que  sea,  sin  su  atenta  reparaci6n,  ee  imposible  bacerlos  duiar  mucho  tiempo 
sin  que  se  deteiioren  f^ilmente.  Afif  pueB  una  vez  tenninada  una  o  variaa  caUes, 
es  neceaario  que  inmediatamente  ee  proceda  a  su  reparacidn,  atin  cuando  en  el  miemo 
instante  no  haya  lugar  a  611a;  pero  sf  disponer  loe  obreroe  y  dem^  utenailioe  necenrlos 
para  eitar  listoe  a  ciialquiera  reparacidn  por  insignificante  que  eete  sea;  y  de  esa 
manera  se  obtendri  siempre  que  la  via  est^  como  el  primer  dia. 

Finalmente  voy  a  exponer  un  sistema  de  calles  de  lo  nj^  modemo,  y  las  que  han 
dado  briUantes  resultadoe  en  Euiopa  y  en  loe  Estados  Unidos  y  son  las  conocidaf 
con  el  nombre  de  pavimentaci6n  duiax. 

Pavimentaci6n  dwrax, — ^£1  secreto  de  loe  caminoe  suavee,  silencioeos  y  duraderos 
conaiste  en  la  construcci6n  de  un  cimiento  fuerte  y  permanente  compuesto  de  pequefios 
bloques  de  piedra,  de  forma  aproximadamente  ctibica,  con  un  relleno  de  arena  o  de 
guijairos  o  ima  matriz  de  unos  de  estos  materiales  con  cemento  bituminoeo  y  con 
unionee  bien  compactas. 

En  Europa  se  acostumbra  generalmente  en  las  calles  de  las  ciudades  colocar  los 
bloques  bien  parejoe  sobre  ima  capa  de  guijarros  de  ires  cuartos  de  pulgada  de  espeeoTi 
con  im  cimiento  conveniente  de  concreto.  La  capa  superior  ser&  alisada  cuidadosa- 
mente  para  adaptarse  a  la  inclinaci6n  del  terreno.  Despu^  de  colocados  los  bloques^ 
las  imiones  se  llenan  con  guijarros  limpios,  los  cuales  se  pisan  hasta  que  tengan  con- 
sistencia  s61ida.  Deepu^  de  pisadas  las  uniones  se  emparejan  con  guijarros;  encima 
se  derrama  una  mezcla  bituminoea  calentada  a  300^  Farenheit.  Debe  usarse  sufi- 
ciente  mezcla  para  que  penetre  en  el  relleno,  y  llene  las  xmiones  completamente 
baciendo  el  pavimento  absolutamente  imi>ermeable.  Una  mezcla  delgada  consistente 
en  ima  parte  de  buen  cemento  Portland  y  otra  de  arena  puede  usarse  en  vez  de  la 
mezcla  bituminoea  pero  ^ta  tiltima  es  mas  el&stica  y  silencioea.  Finalmente  se  ex- 
tiende  una  capa  de  arena  de  media  pulgada  de  espesor  sobre  toda  la  superficie  y  se  deja 
que  el  trdfico  la  baga  penetrar  hasta  las  uniones.  Para  caminos  y  avenidas  que  tengan 
una  buena  base  de  macadam  puede  prescindirse  del  cimiento  de  concreto  pero  es  preciso 
cilindrar  muy  bien  el  macadam  y  hacer  desaparecer  todas  las  incgularidades  y  desigual- 
dades  que  en  61  se  presenten.  Sobre  esta  base  de  macadam  se  colocan  cuidadosa- 
mente  los  bloques  en  una  capa  de  arena  de  una  pulgada  de  espesor.  Debe  arrojarse 
tambien  arena  en  las  uniones,  piadndose  y  cilidi^dose  el  conjimto  con  un  cilindror 
de  5  toneladas.  Durante  los  trabajoe  y  antes  de  ellos  la  superficie  del  camino  debe 
r^purse  abundantemente;  en  seguida  se  cubre  el  pavimento  con  una  capa  de  arena 
de  media  pulgada  de  espesor.  No  hay  para  que  iisar  mezclas  bituminosas  o  de  ce- 
mento. La  humedad  que  podrfa  afectar  al  macadam  usado  tinicamente,  sirve  para 
compactar  la  arena  y  para  formar  una  via,  suave  satisfactoria  y  durable. 

Para  caminos  que  tienen  van  trdfico  muy  pesado  de  autom6viles  es  necesario  algunas 
voces  emplear  un  cimiento  de  concreto,  siguiendo  el  m6todo  de  pavimentaci6n  de 
calles. 

El  sistema  de  bloques  i>eque£Loe  o  pavimentacidn  Diu'ax  conocido  en  Euiopa  tam- 
bidn  con  el  nombre  de  Eleinpflaster  ha  side  usado  tambien  por  muchos  afios  y  ha  dado 
excelentes  rosultados  en  la  pavimentaci6n  de  calles  y  de  caminos  muy  trajinadoe. 
Se  adapta  maravillosamente  a  toda  clase  de  trifico  automdvil.  En  1912  se  pusienm 
cerca  de  dos  millones  trescientas  mil  yardas  cuadradas  de  esta  pavimentacidn,  la 
cual  ha  dado  absoluta  6atiafacci6n.  Mis  de  un  mill6n  de  yardas  cuadradas  se  ban 
pueeto  en  la  Argentina  y  otro  tanto  en  Chile.  Loe  bloques  de  ^stas  dos  tiltimas  obras 
han  side  llevados  de  Suecia  y  Noruega. 

Los  bloques  que  tienen  forma  aproximadamente  cdbica  son  ciiadrados  y  no  oblongoa 
como  generalmente  se  usa.  Su  tamafio  varfa  de  dos  y  tres  cuartos  de  pulgadas  a  tree 
v  media. 
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Los  lados  86  angostan  ligeramente  de  modo  que  la  base  ee  im  poco  mis  pequefia 
que  la  superficie.  Antes  de  colocaiee  se  les  eecoge  de  manera  que  todoe  seen  de 
grueeo  unifonne,  Los  bloquee  mis  pequefloe  se  colocan  contiguos  a  loe  refuerzos  de 
la  calle  o  el  camino. 

Lo  m^  notable  en  este  pavimento  es  que  los  bloques  no  se  colocan  en  filas  o  dngulos 
rectos  de  la  curva  sino  en  segmentos  conc^tiicos  o  en  filas  dlagonales.  La  ventaja  de 
esto  consiste  en  que  una  rueda  de  un  canx>  puede  quedar  a  la  vez  sobre  doe  piedras  y 
la  rueda  c^uesta  no  pasa  siniultdneamente  sobre  el  mismo  punto.  Esto  no  solamente 
reduce  el  desgaste  sino  que  produce  menos  ruido  en  el  trdfico,  y  dafios  menores  en 
los  vehfculos.  Adem^  el  deegaste  del  t>avimento  se  disUibuye  mejor  y  ^e,  por  lo 
mismo,  dur4  m^.    Las  ventajas  del  pavimento  Durax  son  las  siguientee: 

1.  Presenta  una  superficie  el^ustica  e  impermeable  tan  poco  ruidosa  para  el  trdfico 
como  la  del  macadam  ordlnario  de  brea. 

2.  Tiene  todas  las  cualidades  de  duracl6n  de  la  pavimentacidn  de  granito.  No 
cede,  ni  se  desintegra,  ni  huele  ni  se  pudre  nl  se  demimba  ni  se  ablanda. 

3.  Presenta  una  base  excelente  para  trdfico  animal  o  autom6vil  que  no  se  hace 
resbalosa  en  el  ttempo  hdmedo  o  frfo.  No  es  preciso  enarenarla  o  regaria;  los  cambios 
atmosf^cos  no  la  alteran  ni  conserva  el  calor. 

4.  Debido  a  la  manera  peculiar  y  caracteristica  en  que  se  forma,  en  curva  radiales 
o  en  lineas  rectas  a  dngulo  obUcuo  con  la  Ifnea  del  trifico,  las  uniones  no  quedan  en 
^Lngulo  recto  con  las  Ifneas  de  loe  vehiculoe,  evitdndose  asf  el  martilleo  y  deegaete  de 
loe  x>avimentos  de  granito. 

5.  £1  trdficode  ruedaspasa  mia  suavemente  y  con  mds  igualdad  sobre  su  superficie 
Fermlte  cargas  m&s  grandes,  mayor  velocidad  y  reduce  el  costo  de  trasporte. 

6.  Es  inodoro,  inabsorbente,  sano  y  libre  de  polvo  y  lodo.  Se  puede  asear  Mcil- 
mente  y  no  hace  dafio  a  la  higiene  pdblica  ni  a  la  vida  vegetal. 

7.  Dura  m^,  evita  gastos  de  reparacidn,  es  econ6mico  y  permanente. 

8.  Finalmente,  cosa  muy  importante  para  todoe  los  propietarios  de  vehfculos  de 
todas  clases,  se  debe  tener  en  cuenta  que  se  ahorra  muchfsimo  en  el  desgaste  del 
vehfculo  sin  decir  nada  de  la  comodidad  de  que  goza  todo  el  que  cabalga  o  usa  vehfculos 
con  este  pavimento. 

Adjouminent. 
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SESSION  OF  SUBSECTION  2  OF  SECTION  V. 

Raleigh  Hotel, 
Tuesday  ctftemoon,  Decemler  28\  1915. 

Chairman,  C.  A.  McAllister. 

The  session  was  called  to  order  at  2  o'clock  by  the  chairman. 

The  following  papers  were  presented: 

Scientific  work  of  the  United  States  Navy,  by  D.  W.  Taylor. 

The  United  States  Coast  Guard  and  its  functions,  by  C.  A. 
McAllister. 

Organization  of  the  technical  work  of  the  United  States  Light- 
house Service  and  itd  coordination  with  other  Government  services, 
by  George  R.  Putnam. 

United  States  Lighthouse  Service,  lighthouses,  fog  signals,  light 
vessels,  and  buoys,  by  George  R.  Putnam. 


SCIENTIFIC  WORK  OP  THE  UNITED  STATES  NAVY. 

By  D.  W.  TAYLOR, 
Chief  Constructor,  United  States  Navy. 

1.  The  Navy  has  one  reason  only  for  existence;  its  organization  and  administration 
have  one  aim  and  object  in  view— national  defense.  Its  instrument  is  the  fleet,  which 
term  includes  all  the  fighting  vessels  owned  by  the  United  States  and  the  men  neces- 
sary to  handle  and  fight  them.  All  other  property  owned  by  the  Navy  Department 
and  all  other  personnel  imder  its  control  are  maintained  for  the  sole  purpose  of  in- 
creasing the  fighting  efficiency.  Such  an  oiganization,  however,  in  the  course  of  its 
existence,  acquires  a  large  amount  of  information  and  experience  and  its  personnel 
possesses  individually  and  in  the  aggregate  a  great  bulk  of  intelligence  or  brain  power, 
all  of  which  though  fundamentally  for  the  Navy  are  frequenUy  of  general  public 
service.  This  applies  particularly  to  the  scientific  work  of  the  Navy;  the  great  bulk 
is  for  purely  naval  purposes;  some  of  the  results  are  of  no  interest  whatever  to  the 
public  at  large  and  others  are  of  such  nature  that  they  must  be  kept  stricUy  secret 
in  the  interests  of  national  defense.  As  a  by-product  of  the  scientific  work  required 
to  build  up  and  maintain  the  Navy  in  a  high  state  of  efficiency,  many  results  are 
arrived  at  which  are  of  general  maritime,  engineering,  industrial,  or  purely  scientific 
interest.  These  are  given  freely  to  the  public.  In  some  cases  they  come  out  in  the 
form  of  public  documents,  but  in  others  they  are  published  as  papers  by  individual 
officers  before  scientific  or  engineering  societies.  The  scientific  work  of  the  Navy  has 
no  clear-cut  boimdaries,  for  in  every  direction  it  meiges  into  engineering  work  in  all 
its  branches,  which  in  turn  is  an  int^;ral  part  of  naval  work.  A  laige  part  of  its 
material,  ships,  engines,  guns,  etc.,  is  designed  by  the  naval  organization.  Other  items 
such  as  armor,  auxiliary  machinery,  radiotelegraphy  installations,  etc.,  are  developed 
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in  conjunction  with  private  enterprise.  kSiIII  others  are  purchased  in  ordinary  com- 
mercial form,  but  even  in  these  cases  soienoe  is  called  upon  to  assist,  for  a  great  vol- 
ume of  laboratory  and  experimental  work  is  carded  on  to  determine  which  of  many 
articles  on  the  market  are  best  fitted  for  naval  purposes.  It  would  hardly  add  to 
the  interest  and  could  not  be  accomplished  within  the  desirable  limits  of  a  paper 
before  this  congress,  to  attempt  to  classify  under  any  of  the  usual  heads,  the  scien- 
tific work  of  the  Navy.  This  paper  will,  therefore,  only  enumerate  the  various 
agencies  under  the  control  of  the  Navy  Department  which  are  productive  in  the  field 
of  science  and  give  a  very  brief  statement  of  the  character  and  amoimt  of  their 
work. 

2.  The  Navy,  as  stated  above,  is  essentially  a  service  for  war  purposes  and  in  con- 
sidering its  relation  to  science,  attention  naturally  turns  first  to  what  is  termed  variously 
military  science  or  the  science  or  art  of  naval  warfare.  The  United  States  Navy  was, 
it  is  believed,  the  first  of  the  world  to  create  an  agency  or  si>ecific  organization  for  the 
''study  of  problems  of  modem  warfare  in  a  manner  at  once  scientific  and  practical." 
This  agency  is  the  Naval  War  College,  which  was  founded  30  years  ago  and  is  situated 
at  Newport,  in  the  State  of  Rhode  Island.  Its  plant  consists  of  one  large  building  in 
which  are  situated  offices,  lecture  halls,  conference  rooms,  and  a  very  fine  and  extensive 
library  containing  not  only  general  reference  books,  histories,  treatises  on  naval  tactics 
and  strategy,  but  also,  in  a  form  available  for  reference,  the  results  of  the  previous 
work  of  the  college.  Its  personnel  consists  entirely  of  commissioned  officers  of  the 
Navy ;  the  staff  of  the  college  is  composed  of  officers  who  remain  on  this  duty  for  several 
years;  the  student  body  consists  of  officers  who  are  assigned  to  the  college  for  a  shorter 
period  in  the  intervals  of  other  duty.  Its  method  of  work  may  be  roughly  divided 
into  three  parts;  lectures  by  members  of  the  staff  or  of  the  student  body  and  also  by 
eminent  civilians  who  can  contribute  expert  knowledge  on  the  many  subjects  which 
exercise  such  great  contributory  influence  on  the  broad  problems  of  national  defense; 
private  reading  and  research  into  various  branches  of  the  general  science  of  naval 
warfare  or  for  the  solution  of  specific  problems;  laboratory  work,  which  consists  in 
working  out  in  detail  on  the  "game  board  "  the  myriad  problems  of  tactics  and  strategy 
which  may  arise  in  a  possible  futiu'e  war.  In  all  these  parts  the  staff,  those  who  con- 
duct the  course,  work  conjointly  with  those  in  attendance,  the  students,  toward  the 
same  end  which  has  been  termed  ''to  raise  naval  warfare  from  the  empirical  to  the 
scientific  stage.**  By  one  Secretary  of  the  Navy  the  War  College  has  been  described 
as  "  a  practical  institution  for  study  of  war  as  a  science,  evolved  from  historical  research, 
and  of  war  as  an  art,  applied  to  problems  arising  out  of  hypothetical  and  possible  cases 
of  attacks  upon  and  defense  of  our  own  country,  its  coasts  and  cities.** 

3.  Passing  from  the  general  to  the  specific  in  the  piuely  military  branches,  the 
science  of  naval  gunnery  claims  attention  as  being,  next  to  sound  strategy  and  tactics, 
the  most  important  fundamental  essential  to  successful  naval  warfare.  The  designs 
of  the  ships  as  a  whole,  of  the  guns  and  of  the  numerous  auxiliary  systems  and  fittings 
must,  of  course,  be  primarily  sound  and  correct  in  principle  to  insure  efficiency  in 
gunnery  results,  and  these  will  be  referred  to  in  due  course.  Here  it  is  desired  to  treat 
of  the  method  of  development  of  gunnery  as  an  operating  science.  Every  vessel  of 
the  Navy,  irrespective  of  its  size  or  type,  is  constantly  engaged  In  drills  and  exercises 
with  its  guns,  not  only  for  the  purpose  of  training  each  unit  of  the  personnel  to  be 
letter  perfect  in  his  individual  part  but  also  to  perfect  and  develop  the  best  method 
of  utilizing  each  gun,  both  as  a  separate  unit  and  as  an  integral  part  of  the  whole  bat- 
tery. To  test  the  results  attained  by  this  continued  effort,  all  ships  at  periodic  inter- 
vals hold  target  practice  imder  rules  so  drawn  as  to  simulate  as  nearly  as  possible 
actual  battle  conditions.  The  results  of  these  tests  are  reported  in  great  detail  together 
with  a  full  statement  of  the  developments  in  methods  during  the  particular  period. 
These  reports  are  all  sent  to  the  director  of  target  practice  and  engineering  competi- 
tions, whose  office  is  charged  with  the  study  and  classification  of  this  data  in  such 
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fonn  as  to  render  it  most  readily  available  for  the  tise  of  thoee  responsible  for  the 
design  of  material  and  for  the  training  of  personnel,  respectively.  In  order  to  encour- 
age a  never-flagging  interest  in  the  important  matter  of  gunnery  the  competitive 
element  has  been  introduced  and  at  the  end  of  every  year  each  ship  is  assigned  a 
rating  or  standing;  the  gunnery  trophy,  which  is  awarded  for  a  year  to  the  ship  showing 
the  highest  efficiency,  ia  very  highly  prized  by  both  officers  and  crew.  Another 
branch  of  work  which  is  handled  in  the  same  thorough  and  scientific  manner  by 
the  same  office  is  the  operation  and  maintenance  afloat  of  the  propelling  machinery. 
After  efficiency  in  gunnery  the  most  important  attribute  in  a  ship  Ib  its  mobility; 
from  an  operating  standpoint  this  means  that  the  best  ship  of  a  given  type  in  this 
respect  is  the  one  which,  due  to  the  good  condition  of  its  machinery  and  the  efficiency 
of  its  methods  of  utilizing  that  machinery,  can  both  nm  at  the  maximum  speed  and 
cover  the  maximum  distance  on  a  minimum  consumption  of  fuel. 

To  keep  the  importance  of  this  before  the  service  operative  engineering  has  been 
placed  on  a  competitive  basis  in  the  same  manner  as  gunnery.  A  running  record 
is  kept  by  each  ship  of  its  consimiption  of  fuel,  lubricating  oil,  and  other  consumable 
stores,  together  with  the  mileage  covered;  each  ship  has  annual  speed  trials;  and  there 
is  charged  against  the  ship  all  expenditures  made  on  repairs  and  renewals  of  its  machin- 
ery installation.  These  factors  are  all  combined  on  an  equitable  and  recognized 
basis,  and  from  the  results  the  ships  of  the  Navy  are  ranked  in  the  order  of  their  effi- 
ciency; to  the  ship  showing  the  best  results  the  engineering  competition  trophy  is 
awarded.  All  the  data  bearing  on  this  is  sent,  together  with  comments  on  the  suc- 
cessful and  unsuccessful  methods  of  operation  utilized,  to  the  director  of  target  practice 
and  engineering  competitions,  whose  office  is  also  charged  with  the  study  and  classifi- 
cation of  these  reports.  In  this  manner  there  is  made  available  in  convenient  form 
for  the  use  of  constructing  and  operating  branches  of  the  Navy  the  results  of  the 
experience  and  work  on  all  vessels.  The  value  of  the  statistical  data  thus  obtained 
is,  of  course,  inestimable,  and  it  is  unfortunate  that  its  military  value  is  so  great  as  to 
tender  It  imperative  that  it  be  held  confidential  and  is  not  therefore  available  for  the 
use  of  the  country  at  large. 

4.  The  Naval  Observatory,  located  in  Washington,  has  to  do  primarily  with  navi- 
gation, a  special  branch  of  astronomical  science.  This  observatory  was  founded  by 
act  of  Congress  in  1842  and  was  the  first  observatory  in  the  United  States  for  the  pur- 
pose of  practical  work.  To  enable  a  ship  at  sea  to  determine  its  position  there  are 
required  accurate  tables  giving  for  any  instant  of  time  the  position  of  the  heavenly 
bodies,  instruments  for  making  observations,  chronometers  for  determining  time,  and 
compasses  for  determining  directions.  The  work  of  the  observatory  is  divided  among 
departments  to  meet  these  requirements.  The  department  of  astronomical  obser- 
vations possesses  a  very  complete  outfit  of  astronomical  tnstnunents  of  all  kinds, 
which  are  utilized  primarily  in  the  field  of  astronomy  of  position  as  distinguished 
from  astrophysical  work;  continuous  observations  are  carried  on  to  determine  with 
ever-increasing  accuracy  the  position  of  the  sun,  moon,  planets,  and  a  very  large 
number  of  the  fixed  stars;  in  the  course  of  this  work  there  are  made  such  other  obser- 
vations for  the  promotion  of  astronomical  science  and  geodesy  and  of  navigation  as 
may  properly  fall  within  the  province  of  a  great  astronomical  observatory  maintained 
at  Government  expense. 

The  data  thus  obtained,  together  with  similar  data  from  other  sources,  such  as  the 
Government  observatories  of  other  maritime  coimtries,  is  utilized  by  the  department 
of  the  Nautical  Almanac  for  the  compilation  and  publication  of  the  ''American 
Ephemeris  and  Nautical  Almanac,"  without  which  accurate  navigation  would  not 
be  possible.  The  department  of  nautical  instruments  not  only  purchases  and  tests 
but  also  adjusts,  repairs,  and  introduces  improvements  in  such  instnunents  for  the 
Navy  and  for  the  Lighthouse  and  Revenue-Gutter  Services;  in  all  it  handles  almost 
1100,000  worth  of  these  instruments  every  year.    The  department  of  chronometers 
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and  time  service  is  charged  with  the  purchase,  rating,  custody,  and  issue  of  chro- 
nometers to  the  Navy.  This  necessitates  the  maintenance  of  an  absolute  standard  of 
tune.  This  is  kept  by  special  docks,  situated  in  a  vault  of  constant  temperature  and 
corrected  daily  by  observations  of  the  heavenly  bodies.  The  time  kept  by  these  clocks 
has  been  for  many  years  the  standard  time  of  the  entire  country  and  is  once  or  more 
daily  sent  out  over  the  telegraph  wires  to  more  than  50,000  clocks.  More  recently  the 
time  signal  has  also  been  sent  out  by  radio,  and  is  thereby  made  available  to  ships  at 
sea.  The  department  of  compasses  has  charge  of  all  compasses  in  the  Navy,  both  mag- 
netic and  gyroscopic,  their  maintenance,  correction,  and  proper  installation  in  the 
most  desirable  locations  on  board  ship. 

6.  When  first  established,  in  1842,  the  Naval  Observatory  and  Hydrographic  Office 
were  a  single  division  of  the  Navy  Department,  but  were  separated  in  1866.  The 
headquarters  of  the  Hydrographic  Office  are  at  the  Navy  Department,  but  it  carries 
on  its  work  through  14  branches,  situated  in  some  of  the  principal  ports  of  the  country. 
In  the  words  of  the  act  of  Congress  establishing  this  office,  it  is  for  "improvement  of  the 
means  for  navigating  safely  the  vessels  of  the  Navy  and  mercantile  marine  by  pro- 
viding ♦  *  ♦  accurate,  and  cheap  nautical  cluurts,  sailing  directions,  navigators, 
and  manuals  of  instruction    *    «    *    for  the  benefit  and  use  of  navigators  generally.'* 

Its  work  is  therefore  very  broad  in  scope,  and  deals  with  such  subjects  as  the  forms 
and  divisions  of  the  marine  area  of  the  globe,  the  winds  that  blow  over  their  waters, 
the  contours  of  the  ocean  bed,  the  temperature,  circulation,  and  properties  of  sea  water, 
currents,  tides,  and  waves,  and  other  phenomena  affecting  the  safety  of  navigation. 
Its  soiurces  of  information  are  many  and  widely  distributed;  all  vessels  of  the  Navy 
send  in  routine  and  special  reports;  there  are  a  number  of  vessels  and  shore  parties 
under  its  direct  control  engaged  in  original  marine  hydrographic  surveys  in  different 
parts  of  the  world;  it  receives  the  results  of  many  surveys  by  foreign  Governments;  it 
collects  and  examines  all  charts  published  elsewhere;  and,  finally,  there  are  over  3,000 
officers  of  the  merchant  marine  who  contribute  personal  observations  and  information 
collected  on  their  voyages.  This  great  mass  of  data  is  received,  examined,  classified, 
and  made  available  for  the  use  of  the  Navy  and  merchant  marine  by  the  issue  of  pub- 
lications at  the  bare  cost  of  printing  and  paper.  These  publications  are  in  several 
forms.  There  have  been  engraved  about  2,000  plates  for  the  ordinary  marine  charts 
of  all  parts  of  the  world,  and  these  are  corrected  from  time  to  time  as  may  be  necessary. 
There  are  issued  77  distinct  volumes  of  "Sailing  Directions,''  of  which  20  represent 
the  original  work  of  this  office.  These  "Sailing  Directions"  are  well  called  nautical 
guide  books  as  for  any  particular  area  they  give  every  variety  of  local  informaticm 
which  may  be  of  value  to  the  mariner.  "  Notices  to  Mariners"  are  issued  weekly  and 
contain  the  very  latest  obtainable  information  which  is  of  importance  to  seamen  and 
navigators  in  a  form  suitable  for  the  correction  of  charts  and  "Sailing  Directions." 
Pilot  charts  are  issued  monthly  for  the  most  important  marine  areas  and  quarterly  for 
other  areas.  They  show  in  graphic  form  average  weather  conditions,  currents  and  wind 
for  the  period  in  question,  the  position  when  last  reported  of  floating  dangers  to  navi- 
gation, and  give  other  information  of  permanent  as  well  as  temporary  value.  These 
pilot  charts  are  supplemented  by  weekly  hydrographic  bulletins.  There  is  in  addi- 
tion a  daily  memorandum  giving  items  of  immediate  importance  as  affecting  safety 
of  navigation;  and  this  information  is  also  sent  out  by  telephcme,  telegraph,  or  radio. 

6.  To  maintain  the  Navy  at  a  hi^  state  of  efficiency  requires  that  its  personnel 
shall  be  carefully  selected  and  then  kept  in  the  beet  physical  condition.  The  Medi- 
cal Corps  of  the  Navy  is  charged  with  this  duty,  and  there  have  been  established 
under  their  charge  a  number  of  modem,  well-equipped  hospitals  and  laboratories  on 
shore,  as  well  as  hospital  ships.  The  most  important  scientific  work  of  the  Medical 
Department  is  that  associated  with  the  conduct  of  its  medical  school,  which  is  pri- 
marily a  postgraduate  institution,  having  as  its  aim  the  training  of  selected  young 
medical  men  for  naval  duties.    The  greatest  amount  of  time  in  the  course  is  devoted 
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to  the  theoretical  and  clinical  study  of  the  diseases  peculiar  to  the  Tropics.  On  ac- 
count of  the  importance  in  the  Tropics  of  infections  due  to  animal  parasites,  very 
extended  lecture  and  laboratory  courses  are  given  in  medical  zoology.  Bacteriology 
and  serology  are  also  taught  from  the  standpoint  of  practical  application  rather  than 
theoretical  considerations.  The  hygiene  of  ships  as  well  as  camp  and  station  sani- 
tation are  subjects  which  are  taught  not  only  didactically  but  by  thorough  laboratory 
courses  as  well.  Naval  surgery  in  its  relation  to  the  problems  of  wounds  in  war  is  a 
subject  in  which  special  instruction  is  required.  Ophthalmology  and  psychiatry  are 
branches  which  from  their  relation  to  naval  recruiting  require  more  special  considera- 
tion than  is  given  in  the  courses  in  the  civilian  schools.  The  laboratories,  while 
chiefly  intended  for  the  instruction  of  medical  officers  just  entering  the  Navy,  serve 
also  as  central  laboratories  for  the  investigation  of  hygienic,  bacteriological,  patho- 
logical, and  serological  problems,  as  well  as  in  giving  assistance  to  the  laboratories 
attached  to  the  various  naval  hospitals  and  stations.  In  so  far  as  service  conditiona 
permit,  officers  are  encouraged  to  devote  their  attention  to  special  branches  of  medi- 
cal science.  As  a  result  of  this  policy  valuable  contributions  along  hygienic,  ophthal- 
mological,  bacteriological,  and  zoological  lines  have  been  made  by  various  medical 
officers.  In  the  naval  hospitals  much  original  investigation  is  being  done  in  roent- 
genology, surgery,  and  internal  medicine.  In  particular  has  valuable  work  been 
carried  out  on  board  the  hospital  ship  Solace.  In  their  close  touch  with  the  problems 
of  the  fleet  the  medical  officers  attached  to  this  ship  have  been  able  to  investigate 
various  practical  questions  of  hygiene,  ophthalmology,  medicine,  and  surgery.  In- 
vestigations of  occupational  diseases  of  importance  to  the  Navy  have  also  been  actively 
pursued  along  the  lines  of  lead  poLBoning,  effects  of  deep-sea  diving,  air  ventilation 
in  submarines,  visual  defects,  and  others  less  noteworthy. 

7.  Thus  far  there  have  been  referred  to  certain  agencies  in  the  Navy  which  work 
along  scientific  lines  to  facilitate  and  improve  its  operations,  both  warlike  and  peaceful, 
and  to  select  and  maintain  its  personnel.  The  material  side  of  the  naval  service 
requires,  of  course,  a  great  deal  of  scientific  and  engineering  work,  some  highly  special- 
ized, some  that  parallels  similar  endeavor  in  civil  life.  Before  taking  up  in  detail 
some  of  the  more  interesting  of  the  establishments  maintained  for  these  purposes,  it 
will  be  well  to  refer  briefly  to  the  headquarters  organization  which  is  responsible  for 
the  upkeep,  production,  and  development  of  naval  material.  The  work  is  divided 
between  four  bureaus,  all  of  which  are  situated  in  and  form  constituent  parts  of  the 
Navy  Department,  which,  under  the  Secretary  of  the  Navy,  is  the  directing  head  of 
the  entire  service.  The  Bureau  of  Ordnance  is  responsible  for  guns,  armor,  torpedoes, 
mines,  explosives,  and  instruments  directly  connected  with  the  use  of  such  weapons. 
The  Bureau  of  Construction  and  Repair  is  charged  with  the  design,  construction,  and 
maintenance  of  ships  as  a  whole.  The  Bureau  of  Steam  Engineering  is  engaged  in 
similar  functions  in  connection  with  the  propelling  machinery  and  electrical  plants 
of  ships.  The  Bureau  of  Yards  and  Docks  provides  and  maintains  the  physical 
facilities  required  in  the  shore  establishment,  such  as  buildings,  dry  docks,  water-front 
works,  and  means  of  transportation.  Each  of  these  bureaus,  in  addition  to  its  admin- 
istrative work,  employs  a  staff  of  experts  who,  in  their  own  particular  field,  are  con- 
stantly engaged  on  investigations  for  the  improvement  and  development  of  the  fighting 
fleet.  This  requires  not  only  much  original  work  and  experimentation  but  also  that 
close  touch  be  kept  with  all  new  inventions  and  developments  in  the  outside  com- 
mercial and  engineering  fields,  so  that  the  Navy  may  promptly  have  the  benefit  of 
the  scientific  progress  of  the  country  as  a  whole. 

8.  The  Navy  maintains  its  own  repair  and  docking  facilities,  which  are  concen- 
trated in  a  number  of  large  yards  or  naval  stations.  It  is  at  these  yards  that  the 
bulk  of  the  raw  and  manufactured  material  used  by  the  Navy  is  delivered;  practically 
all  this  material,  which  aggregates  several  millions  in  value  each  year,  is  purchased 
under  strict  specifications  on  a  competitive  basis.    It  is  consequently  necessary  to 
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subject  this  material  to  careful  tests  to  insure  its  compliance  with  the  specifications 
and  with  the  requirements  of  the  service.  For  this  purpose  there  are  at  each  of  the 
principal  yards  one  or  more  small  but  well  equipped  and  adequately  staffed  labora- 
tories for  chemical,  physical,  or  mechanical  and  electrical  work.  Advantage  is 
taken  of  these  facilitiee  to  carry  on  a  portion  of  the  investigation  work,  which  forms 
such  an  important  part  of  the  functions  of  the  material  bureaus.  It  is  through  the 
work  of  these  laboratories  that  the  requirements  of  specifications  for  many  classes  of 
materials  are  developed.  They  assist  in  the  design  work  of  the  bureaus  by  performing 
tests  on  proposed  details  of  construction  of  ships,  machinery,  and  equipment  of  all 
kinds.  Investigations  are  frequently  initiated  by  the  yards  themselves  in  the  en- 
deavor to  find  cheaper  but  satis^tory  substitutes  for  expensive  materials  and  to 
develop  cheaper  and  better  methods  of  performing  the  constructive  and  manufac- 
turing work  assigned  to  them.  Much  of  the  apparatus  used  in  the  service  is  bought 
from  private  manufacturers,  but  frequently  the  commercial  apparatus  available  does 
not  meet  the  peculiar  needs  of  the  service;  in  such  cases  the  navy-yard  laboratories, 
by  means  of  constructive  criticism  based  on  actual  tests,  are  of  the  greatest  assistance 
to  the  private  manufacturer  in  the  development  of  his  product  to  meet  Government 
requirements.  Similarly,  many  new  materials  and  developed  inventions,  the  result 
oi  private  enterprise,  are  submitted  to  the  Navy  for  test,  with  resultant  advantage 
to  the  Government  and  to  the  individual. 

9.  At  Indianhead,  on  the  Potomac  River,  about  20  miles  below  Washington,  the 
Navy  has  a  large  plant  for  full-sized  tests  and  experiments  with  guns,  armor,  and 
high  explosives.  This  establishment  is  really  an  open-air  laboratory  to  measure,  both 
quantitatively  and  qualitatively,  the  effect  of  the  huge  forces  developed  by  high- 
powered  guns  and  explosives  and  the  resistant  value  of  armor  and  other  forms  of 
construction  to  these  forces.  Some  of  these  tests  require  fine  measurements  to  an 
accuracy  of  small  fractions  of  a  second,  of  an  inch,  or  of  a  poimd,  while  others  involve 
the  more  approximate  measiurement  of  such  quantities  as  the  range  of  big  guns,  rep- 
resenting 15  to  20  miles,  or  the  pressure  developed  by  high  explosives.  As  an  example 
of  this  kind  of  work,  a  few  years  ago  a  full-sized  three-gun  turret  was  built,  shipped 
to  the  proving  ground,  and  there  erected,  after  which  it  was  subjected  to  an  exhaustive 
series  of  tests  extending  over  several  months.  As  a  result,  tiiere  were  encoimtered 
and  solved  difficulties  which  could  not  be  foreseen  in  the  design  and  which  would 
have  required  a  long  period  in  actual  service  to  detect  and  rectify.  In  connection 
with  these  full-sized  tests,  detailed  investigation  of  the  characteristics  of  materials 
employed  is  carried  out  in  physical  and  chemical  laboratories  to  enable  a  proper 
relationship  between  cause  and  effect  to  be  established.  At  Indianhead  there  is  also 
a  large  Government  powder  ^tory,  where,  in  addition  to  manufacturing  work,  con- 
stant research  is  carried  on  to  increase  the  knowledge  of  action  of  explosives,  to  reduce 
the  cost  of  their  production,  and  to  improve  their  quality.  The  importance  of  this 
work  and  its  success  can  be  grasped  when  it  is  considered  that  it  is  possible  to  predict 
with  accuracy  the  distance  to  which  a  given  projectile  w  ill  be  carried  by  a  definite 
charge  of  powder,  and  when  it  is  realized  that  the  ships  of  the  Xavy  carry  constantly 
many  thousand  tons  of  powder  and  explosives  with  an  almost  entire  freedom  from 
serious  accident.  In  short,  it  is  the  results  obtained  at  this  and  similar  proving 
groimds  on  which  are  based  the  mathematical  sciences  of  interior  and  exterior  ballistics 

10.  The  experimental  model  basin  at  the  Washington  Navy  Yard  is  a  very  important 
adjunct  to  the  scientific  equipment  of  the  Navy  Department  and  has  supplied  data 
which  could  be  obtained  by  no  other  method  for  use  in  the  preparation  of  designs  for 
naval  vessels  for  the  last  14  or  15  years.  It  has  also  been  of  great  value  to  the  private 
shipbuilding  companies,  who  have  freely  made  use  of  its  facilities  in  the  preparation 
of  their  designs  for  merchant  vessels.  From  15  to  20  per  cent  of  the  work  done  at  this 
basin  is  for  private  individuals  and  private  shipbuilding  establishments.  The  baedn 
consists  of  a  long  tank  spanned  by  a  towing  carriage,  by  means  of  which  models  of 
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ships  are  towed  under  desired  conditions  and  their  resistance  measured  by  a  dyna- 
mometer. During  the  period  in  which  the  model  baedn  has  been  opeiated  a  large 
number  of  different  models,  nearly  1,900  in  all,  have  been  tested.  By  making  a  series 
of  different  models  in  which  the  principal  variables  are  varied  in  a  consistent  mannet* 
data  has  been  obtained  which  indicates  the  principal  features  of  form  which  affect  a 
ship's  resistance,  and  it  is  now  possible  to  dseign  ships  which  drive  with  much  less 
power  than  was  the  case  before  model-basin  methods  were  introduced.  A  comparison 
of  the  power  required  for  present-day  battleships  with  that  required  for  our  earlier 
ships  of  this  type  will  show  that  the  saving  in  expenditure  for  fuel  used  by  the  Navy 
has  paid  for  the  model  basin  and  the  cost  of  its  operation  many  times  over.  The 
longer  the  model  basin  is  operated  the  more  extensive  and  valuable  the  data  becomes, 
so  that  the  field  of  uncertainty  is  constantly  growing  more  nairow,  and  it  may  be 
ultimately  that  model-basin  methods  will  be  able  to  establish  the  absolute  optimum 
of  a  ship's  form  for  any  given  condition. 

Not  only  is  this  establishment  available  for  specific  work  for  private  individuals, 
but  the  results  of  practically  all  the  original  investigations  of  general  application  to 
the  theory  of  ship  propulsion  and  resistance  have  been  given  to  the  public  through  the 
medium  of  papers  presented  before  scientific  societies  and  articles  in  technical  pub- 
lications. At  the  model  basin  has  also  been  established  the  large  naval  wind  tunnel 
for  testing  models  of  aeroplanes  and  for  aeronautical  investigations,  which  are  nec- 
essary in  the  comparatively  recent  and  rapid  development,  of  this  new  engine  of 
iirarfare.  The  problems  met  with  in  the  design  of  an  aeroplane  are  strikingly  similar 
to  those  encountered  in  the  design  of  a  ship.  The  wind  tunnel  is  a  large  closed  air 
duct,  8  feet  square  in  cross  section.  The  air  in  this  tunnel  is  circulated  by  a  large 
motor-driven  fan,  the  motor  having  a  maximum  of  500  horsepower.  Tests  may  be 
made  in  wind  speeds  up  to  75  miles  an  hour.  Owing  to  the  size  of  the  tunnel,  which, 
so  far  as  is  known,  is  the  largest  constructed  in  any  country  to  date,  it  is  possible  to 
test  large  models  of  aeroplanes,  aeroplane  wings,  etc.,  up  to  3  feet  in  width.  This  is 
a  great  advantage  in  passing  from  the  model  to  the  full  size  machine,  and  permits  of 
more  accurate  determination  of  power  requirements.  In  the  development  of  the 
aeroplane  for  naval  purposes,  the  wind  tunnel  promises  to  be  as  important  as  is  the 
model  basin  in  arriving  at  the  most  suitable  forms  for  naval  vessels. 

11.  The  naval  experiment  station  at  Annapolis,  is  a  large,  thoroughly  equipped 
mechanical  and  engineering  laboratory  with  the  necessary  shop  facilities  and  power 
plant  for  the  efficient  performance  of  important  experimental  work.  This  station 
is  used  for  a  large  variety  of  work.  New  engineering  devices  submitted  to  the  depart- 
ment are  tested  to  determine  their  adaptability  for  naval  use.  Acceptance  tests  are 
made  of  engineering  apparatus  supplied  for  installation  on  vessels  under  construc- 
tion, such  as  safety  valves  and  forced  draft  blowers.  Metallographic  examinations 
are  carried  out  of  forgings  for  acceptance  tests  and  similar  investigations  are  made  of 
material  found  to  be  defective  in  service.  Special  tests  and  investigations  are  made 
on  various  engineering  subjects,  such  as  causes  and  prevention  of  boiler  explosions, 
heat  transmission  in  condensers,  feed  heaters,  evaporators,  etc.,  lubrication  and 
lubricating  oils,  packing  materials  and  nonconducting  materials,  refrigerating  appa- 
ratus, forced  draft  blowers,  pumps,  thermometers,  pyrometers,  and  other  heat-meas- 
uring instruments,  etc.  Selective  tests  are  also  made  of  various  engineering  supplies 
to  determine  award  of  annual  or  periodic  contracts,  including  such  supplies  as  pack- 
ing, gauge  glasses,  and  lubricating  oils.  On  this  laboratory  the  Govenmient  expends 
about  $60,000  a  year. 

12.  The  oil  fuel-testing  plant  in  the  navy  yard,  Philadelphia,  Pa.,  was  established 
for  the  purpose  of  experimenting  with  and  developing  oil  fuel-burning  apparatus 
for  naval  use.  There  are  installed  several  oil-burning  boilers  of  different  types, 
together  with  complete  pumping,  weighing,  and  other  accessories  for  making  evapo- 
rative tests  with  different  oils  and  burners.    There  has  been  collected  considerable 
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data  concerning  the  characteristics  and  burning  qualitiee  of  different  fuel  oils,  rela- 
tive efiiciencies  of  boiler  designs,  and  points  of  efficiency  of  different  types  of  burners 
and  air  registers.  As  a  result  of  the  work  at  this  station  special  burners  have  been 
developed  and  designed  for  forced  and  natural  draft.  Tests  and  experiments  are 
also  curied  out  on  fire  brick  and  boiler  clothing,  fuel-oO  pumps  and  other  fuel  cil- 
buming  accessories.  It  is  by  the  use  of  this  plant,  and  the  naval  experiment  station 
and  the  results  of  the  engineering  competitions  previously  referred  to  that  constant 
efforts  are  being  made  to  improve  the  performance  of  naval  machinery  not  only  for 
the  purpose  of  reducing  the  fuel  bill  but  also  to  insure  that  all  ships  when  the  need 
arises  may  make  their  best  speed  and  proceed  the  maximum  distance  from  their  base 
of  supplies  without  replenishing  their  bunkers.  When  it  is  realized  that  the  machin- 
ery which  is  in  daily  operation  in  the  navy  aggregates  many  hundred  thousand  horse- 
power, it  is  apparent  that  the  Government  more  than  recovers  its  outlay  for  these 
experrmental  facilities  if  by  their  use  even  small  increases  in  efficiency  of  operation 
of  this  machinery  are  produced. 

13.  The  scientific  development  of  aeronautics  in  the  Navy  is  cared  for  by  several 
different  agencies.  The  wind  tunnel  has  already  been  referred  to.  At  Pensacola, 
Fla.,  IB  situated  the  aviation  school  which  not  only  gives  instruction  in  practical 
fiying  to  officers  and  men  who  take  up  this  branch  of  naval  work  but  also  tries  out 
under  actual  service  conditions  new  tyx)es  of  machines  and  accessories  of  all  kinds. 
It  is  on  the  data  so  obtained  that  hituxe  progress  is  based.  Naval  aviation  has  to  meet 
two  difficulties  not  encountered  in  other  branches  of  this  new  science;  their  machines 
must  be  able  to  start  from  and  alight  on  the  water  even  when  a  rough  sea  is  running; 
they  must  also  be  able  to  start  from  the  deck  of  a  ship.  These  two  problems  have 
been  approached  from  both  the  theoretical  and  practical  standpoints  and  solutions 
have  been  evolved  comparable  as  to  ultimate  success  with  other  branches  of  the 
science  of  aviation.  In  all  work  in  connection  with  aviation  the  Navy  has  the  benefit 
of  the  assistance  and  cooperation  of  the  national  advisory  committee  for  aeronautics. 
This  committers  has  from  various  sources  obtained  exhaustive  reports,  as  results  of 
investigations  carried  on  at  their  expense,  on  various  phasesof  the  problemsof  aviation. 
Among  these  reports  may  be  mentioned:  One  on  the  subject  of  aeroplane  stability 
which  treated  it  both  mathematically  and  experimentally  for  stabilized  and 
imstabilized  machines;  another  treated  of  the  present  status  of  the  design  of  aero- 
nautic engines  so  analyzed  as  to  give  valuable  suggestions  in  regard  to  promising 
lines  of  improvement;  another  reported  the  results  of  an  experimental  investigation 
of  aeroplane  fabrics,  their  friction,  strength,  weight,  hygroscopic  and  fire-resisting 
qualities,  etc.;  still  others  deal  with  such  matters  as  mufflers  for  aeronautic  engines 
and  efficiency  of  wire  trussing  and  terminal  fastenings.  The  committee  has  also 
made  a  siu^ey  of  the  facilities  of  the  country  as  a  whole  for  theoretical  instruction 
and  experimentation  in  aviation,  including  colleges,  technical  and  engineering  insti- 
tutions, private  manufacturers,  aeronautic  societies  and  Government  departments, 

14.  There  can  be  no  fitter  way  of  bringing  this  paper  to  a  close  than  to  refer  briefly 
to  the  naval  consulting  board.  In  the  inception  of  the  idea  and  in  the  method  of 
inaugurating  this  body,  the  Secretary  of  the  Navy  has  given  marked  recognition  of 
the  fundamental  importance  of  scientific  work  and  scientific  specialists  to  the  naval 
organization  as  a  whole.  It  is  furthermore  a  step  in  the  direction  of  bringing  every 
citizen  to  feel  that  he  has  a  personal  interest  in  national  defense  and  owes  a  personal 
duty  to  assist  in  its  maintenance,  for  the  example  of  the  members  of  this  board,  men 
who  have  won  eminence  in  their  own  professions,  in  contributing  to  the  Navy  largely 
of  their  time  and  experience,  is  one  which  can  not  be  ignored  by  the  country.  In 
forming  this  board  the  Secretary  of  the  Navy,  with  the  concurrence  of  the  eminent 
scientiBt  who  is  now  its  chairman,  invited  eleven  of  the  leading  American  technical 
societies  to  nominate  two  of  their  members  to  serv'e  on  this  board  with  the  result  that 
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its  personnel  is  composed  of  men  of  great  individual  prestige.  The  first  act  of  this 
body  has  been  to  recommend  and  to  put  the  weight  of  their  influence  behind  the 
recommendation  that  there  be  established  a  great  laboratory  where,  with  their  assist- 
ance science  may  be  given  free  scope  to  develop  new  methods  and  materials  of  war- 
fare to  make  the  United  States  Navy  the  most  efficient  possible  instrument  of  national 
defense. 


THE  UNITED  STATES  COAST  GUARD  AND  ITS  FUNCTIONS. 

By  C.  A.  MCALLISTER, 
Engineer  in  Chiefs  United  States  Coast  Guard, 

True  national  greatness  depends  more  upon  sea  strength  than  almost  any  other  factor 
entering  into  the  development  of  a  nation.  Such  relatively  small  nations  as  Denmark 
and  Holland  owe  the  greater  part  of  their  present  wealth  and  importance  to  their  hardy 
mariners  and  explorers  of  the  past  five  centuries.  Spain,  France,  and  Italy  have 
profited  enormously  from  the  efforts  of  their  seafaring  men.  The  dawn  of  Great 
Britain's  predominance  among  the  nations  of  the  world  began  in  the  Elizabethan  era, 
when  such  hardy  navigators  as  Drake  and  Frobisher  began  their  explorations,  which 
resulted  in  the  acquisition  of  much  valuable  territory,  and  practically  marked  the 
beginning  of  the  greatest  war  and  merchant  fleets  the  world  has  ever  seen.  Germany 
under  its  present  ruler  has  made  enormous  strides  as  a  world  power,  largely  because 
of  the  upbuilding  of  its  na\'y  and  merchant  marine.  The  nations  of  the  Western 
Hemisphere  have  yet  to  profit  from  this  fertile  source  of  wealth  and  power.  Nothing  is 
80  apparently  lacldng  to  develop  true  Pan  Americanism  as  the  building  up  of  fleets  for 
mutual  protection  and  commerce. 

In  the  early  days  of  this  Republic  the  founders  evidently  appreciated  the  value  of 
a  merchant  marine  to  the  success  of  the  new  Nation,  as  one  of  the  first  steps  toward 
0uch  a  consimmiation  was  the  foimding  of  the  then  Revenue-Cutter  Service  in  1790, 
some  years  before  the  establishment  of  the  regular  Navy,  with  the  avowed  object  of 
preventiag  the  smuggling  of  merchandise  by  sea,  and  incidentally  the  protection  of 
mariners  from  the  perils  of  the  elements.  As  all  the  American  nations  are  now,  it  is 
hoped,  in  the  preliminary  stages  of  a  great  development  of  maritime  resources,  it  is 
the  object  of  this  paper  to  point  out  some  of  the  benefits  to  be  derived  from  such  a 
valuable  auxiliary  to  maritime  power  as  may  be  obtained  from  an  organization  such 
as  the  United  States  Coast  Guard,  which,  it  may  be  noted,  is  the  recent  reorganization 
under  one  head  of  what  was  formerly  the  Revenue-Cutter  Service  and  the  Life-Saving 
Service. 

In  any  scientific  plan  of  government  a  fundamental  part  of  which  can  be  efiiciently 
utilized  in  both  war  and  peace  should  occupy  a  rather  imique  and  economical  position 
in  the  general  system.  Such  a  position,  it  is  believed,  is  filled  by  the  existing  Coast 
Guard.  Founded,  as  it  was,  for  purposes  of  protecting  the  revenue,  guarding  sea- 
faring men  from  the  perils  of  the  deep,  and  taking  part  in  the  national  defense, 
it  has  proven,  by  its  history  extending  nearly  as  far  back  as  that  of  the  Nation  itself, 
its  value  and  success  in  these  three  primary  objects.  Further  than  those  it  has 
gradually  expanded,  so  that  it  now  numbers  among  ite  duties  almost  all  of  the  various 
and  nusoellaneous  tasks  which  the  necessities  have  made  apparent  in  coimection 
with  the  obligations  of  the  Government  to  its  people  on,  or  near,  the  seas. 

Most  of  the  duties  of  the  Coast  Guard  in  times  of  peace  are  of  an  emergent  nature, 
depending  largely  upon  the  vicissitudes  of  weather.  Promptness  in  response  to 
calls  for  help  is  the  essence  of  preparedness.  Hence  it  is  that  the  military  system 
upon  which  the  Coast  Guard  is  conducted  lends  itself  so  readily  to  eflSciencyin  that 
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respect.  As  the  great  storms  occur  mostly  diiring  the  winter  season,  and  the  cutters 
during  those  months  are  constantly  occupied  in  assistance  work,  the  summer  season 
period  of  fine  weather  is  utilized  in  perfecting  the  military  drills  and  discipline. 
Also  during  the  latter  period  occurs  the  greatest  necessity  for  enforcing  the  motor 
hoat  and  navigation  laws,  and  the  regulations  governing  the  large  number  of  regattas 
and  marine  pageants,  which  must  be  patrolled  in  the  interests  of  order,  and  the 
protection  of  the  lives  of  the  spectators.  This  disposition  of  the  primary  duties  of 
the  Coast  Guard  is  therefore  peculiarly  well  adapted  to  an  economical  use  of  its 
resources. 

"Briefly,  the  principal  duties  of  this  branch  of  the  Government  may  be  simmiarized 
as  follows: 

1.  Rendering  as^tance  to  vessels  in  distress,  and  saving  life  and  property. 

2.  Destruction  or  removal  of  wrecks,  derelicts,  and  other  floating  or  sunken  dangers 
to  navigation. 

3.  Extending  medical  aid  to  United  States  vessels  engaged  in  the  deep-sea  fisheries. 

4.  Protection  of  the  customs  revenue. 

6.  Operating  as  a  part  of  the  Navy  in  time  of  war,  or  whenever  the  President  shall 
so  direct. 

6.  Enforcement  of  law  and  r^^ations  governing  anchorage  of  vessels  in  navigable 
waters. 

7.  Enforcement  of  law  relating  to  quarantine  and  neutrality. 

8.  Suppression  of  mutinies  on  merchant  vessels. 

9.  Enforcement  of  navigation  and  other  laws  governing  merchant  vessels  and 
motor  boats. 

10.  Enforcement  of  law  to  provide  for  safety  of  life  on  navigable  waters  during 
regattas  and  marine  parades. 

11.  Protection  of  game  and  the  seal  and  other  fisheries  in  Alaska,  etc. 

12.  Enforcement  of  sponge  fishing  laws. 

Aside  from  the  above,  it  is  generally  recognized  that  Coast  Guard  cutters  are  to  be 
called  upon  for  almost  any  duties  for  which  a  special  class  of  vessels  is  not  maintained 
by  the  various  departments  of  the  Governments.  Thus  it  is  that  when  hiuricanee 
or  tidal  waves  have  devastated  any  particular  part  of  the  country;  when  great  con- 
flagrations have  wrought  havoc  in  any  of  our  laige  cities;  when  earthquakes  or  vol- 
canoes have  scattered  death  and  destruction  in  their  vicinity;  when  great  forest 
fires  near  the  coast  have  burned  the  homes  of  the  people;  when  shipwrecked  people 
are  marooned  on  islands,  or  remote  places;  or  any  similar  catastrophes  have  befallen 
the  inhabitants  along  the  seacoasts,  the  cutters  are  almost  invariably  dispatched  to 
the  scene,  carrying  with  them  food,  clothing,  medicines,  and  other  needed  supplies  to 
the  distressed.    If  necessary,  martial  law  is  often  invoked  and  order  restored. 

Partaking  less  of  the  humanitarian  in  character,  but  nevertheless  valuable,  are 
such  services  as  carrying  mail  to  the  beleaguered  localities  where  the  ordinary  means 
have  failed  or  are  inadequate;  the  transporting  of  the  personnel  of  United  States 
courtfi  to  remote  places  in  the  Territorial  possessions  in  order  that  the  processes  of 
justice  may  be  made  available  to  the  inhabitants;  carrying  of  supplies  to  schools 
and  miflsionB  at  outlying  i)oint6  where  no  regular  means  of  transportation  are  available; 
transporting  natives  from  one  locality  to  another;  conveying  Government  officials 
and  conmiiBsions  to  remote  places  in  order  to  facilitate  the  transaction  of  business; 
the  malring  of  preliminary  surveys  of  uncharted  regions;  the  gathering  of  data  for  the 
various  scientific  and  health  branches  of  the  Government;  the  testing  of  various 
inventions  for  the  saving  of  life  and  property  at  sea,  etc. 

To  accomplish  all  of  these,  the  ph^^sical  equipment  of  the  Coast  Guard  consists  of 
24  cruising  cutters,  17  harbor  cutters  and  launches,  and  279  stations  and  houses  of 
refuge. 
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The  average  size  of  a  cruising  cutter  is  about  1,100  tons  displacement,  and  their 
speed  varies  from  12  to  17  knots.  Speed  is  not  so  much  a  desideratum  as  are  sea- 
going qualities  and  fuel  endurance.  These  factors  are  highly  essential  in  making 
long  cruises  at  sea  in  connection  with  derelict  search,  and  the  patrol  of  the  North 
Atlantic  during  the  ice  season,  and  that  of  the  Bering  Sea  and  Artie  Ocean.  The 
cruising  cutters  are  assigned  regular  stations  at  the  more  important  porta  along  the 
seaboard  and  Great  Lakes.  Each  vessel  is  assigned  certain  cruising  districts;  during 
the  four  winter  months  they  must  keep  at  sea  almost  constantly  for  the  purpose  of 
rendering  aid  to  vessels  in  distress.  The  introduction  of  wireless  telegraphy  adds 
greatly  to  their  efficiency  in  relief  work.  Rarely  does  a  distressed  vessel  any\i*heie 
along  the  coast  send  out  a  call  for  help  that  almost  instant  reply  is  not  made  by  a 
vigilant  patrol  boat.  Each  vessel  is  fitted  with  the  latest  type  of  radio  apparatus, 
and  a  constant  watch,  night  and  day,  ia  kept  for  signals  of  distress. 

All  cruising  cutters  are  equipped  with  lifeboats,  line-throwing  guns,  heavy  hawsers, 
and  other  paraphemaHa  necessary  to  render  aid  to  distressed  merchantmen.  Their 
machinery  equipment  also  includes  large  wrecking  pumi)e  and  fire  pumi)e  for  pump- 
ing out  wrecks  or  for  extinguishing  fires  on  vessels  or  in  structiuree  along  the  water 
front.  Each  cutter  carries  a  number  of  gun-cotton  mines  for  the  purpose  of  destroying 
floating  or  sunken  derelicts  which  may  be  discovered. 

Along  the  coasts  are  279  stations  and  houses  of  refuge.  These  are  located,  as  nearly 
as  possible,  at  the  more  dangerous  portions  of  the  coast  lines,  and  in  the  vicinity  of 
such  great  seaports  as  Boston,  New  York,  Norfolk,  Galveston,  and  San  Francisco, 
stations  are  almost  within  sight  of  each  other,  as,  naturally,  the  greatest  number  of 
accidents  occur  where  the  greatest  amoimt  of  shipping  converges.  The  average 
crew  of  a  station  consists  of  a  keeper  and  six  men.  The  equipment  consists  of  from 
three  to  five  surfboats,  especially  designed  for  seaworthiness  and  launching  through 
the  siu^.  Many  of  the  surfboats  are  motor-driven,  and  at  certain  stations  close  to  inlets, 
where  smooth  water  launching  facilitates  are  available,  there  are  large  36-foot  self- 
righting  and  self-bailing  power  lifeboats  provided.  These  boats  are  equipped  with 
40  horsepower  gasoline  engines,  and  they  are  capable  of  going  out  in  any  kind  of 
weather  to  render  assistance  to  distressed  vessels.  Under  normal  conditions  40 
persons,  in  addition  to  the  crew,  may  be  carried  in  these  boats.  Stations  are  also 
provided  with  boat  wagons  for  transporting  the  surfboats  to  a  point  most  convenient 
for  approaching  the  vessel  in  distress.  Each  station  is  equipped  with  a  beach  cart 
which  carries  a  line-throwing  gun  and  breeches-buoy  apparatus  for  landing  ship- 
wrecked people  on  the  beach  by  means  of  a  line  reaching  from  a  spar  on  the  wreck 
to  an  anchor  in  the  sand,  well  out  of  the  surf. 

In  order  to  discover  shipwrecked  vessels  as  quickly  as  possible,  a  constant  patrol 
of  the  beach  is  maintained  at  night,  the  patrolmen  from  one  station  covering  half  the 
distance  to  the  station  immediately  adjacent.  During  the  day  men  are  constantly 
stationed  in  lookout  towers,  except  in  foggy  or  thick  weather,  when  beach  patrols 
are  maintained  the  same  as  at  night.  Each  patrolman  carries  a  Ooston  signal  to  warn 
vessels  which  are  approaching  too  closely  to  the  land  or  to  dangerous  reefe  or  shoals 
in  the  vicinity. 

Most  of  the  stations  are  connected  by  telephone  with  each  other  and  with  tele- 
graph lines.  In  this  way,  and  by  means  of  signals,  cooperation  with  the  cutters 
patrolling  the  coast  is  brought  about.  In  time  of  war  the  stations  form  a  valuable 
coast  signal  service  in  connection  with  naval  operations.  Plans  are  now  under  way 
for  developing  this  function  of  the  Coast  Guard,  so  that  by  connections  with  naval 
radio  stations  this  signal  and  patrol  service  of  the  coast  stations  may  be  made  much 
more  valuable  than  it  has  been  hitherto. 

To  illustrate  the  great  value  of  the  Coast  Guard  to  the  Nation,  there  are  given  below 
certain  data,  representing  a  compilation  of  such  duties  performed  by  it  during  the 
fiscal  year  ended  Jime  30, 1915,  as  were  of  a  nature  which  can  be  expressed  statistically: 
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lives  saved  or  persoDS  rescued  from  peril 1, 607 

Peraons  on  boaid  vessels  assisted 10,952 

Pereons  in  distress  cared  for 813 

Veasels  boarded  and  i>aperB  examined 24, 817 

Vessels  seized  or  reported  for  violations  of  law ! 772 

Fines  and  penalties  incurred  by  vessels  reported $220, 600 

B^iattas  and  manne  parades  i>atrolled,  in  accordance  with  law 87 

Vessels  to  which  anstance  was  rendered 1, 504 

Insliuices  of  miscellaneous  assistance 560 

Derelicts  and  obstructions  to  navigation  removed  or  destroyed 26 

Value  of  vessels  assisted  (including  caigoes) $10,927,730 

Value  of  derelicts  recovered  and  delivered  to  ownen $161, 000 

Total  value  of  property  saved $11,088,780 

There  are  many  other  valuable  services  accomplished  for  the  Government,  in- 
cluding the  ice  patrol  of  the  North  Atlantic,  the  enforcement  of  the  neutrality  laws 
at  many  of  our  laige  seaports,  etc.,  which  can  not  be  expressed  in  statistics. 

The  entire  cost  of  maintenance  of  the  Coast  Guard  during  the  year  1914-15  was,  in 
round  numbers,  $5,030,000.  From  the  one  item  of  "property  saved,"  amounting  to 
over  $11,000,000,  it  will  be  seen  that  the  people  received  a  return  of  over  two  dollars 
for  every  dollar  invested  in  this  useful  service.  In  addition  to  this  retium  should 
be  counted  the  saving  of  1,507  lives  and  the  many  other  useful  duties  performed  in 
its  humanitarian  and  law-enforcing  functions.  Aside  from,  and  in  addition  to  these, 
there  was  the  very  tangible  asset  of  over  4,000  officers  and  men  maintained  in  a  state 
of  military  preparedness;  armed,  equipped,  and  drilled  for  instant  cooperation  with 
the  naval  forces  in  the  event  of  hostilities. 

Viewed  either  from  a  standpoint  of  a  practical  aid  to  maritime  commerce,  or  as  a 
unit  in  a  general  scheme  for  preparedness,  it  must  be  conceded  that  the  Coast  Guard 
is  an  important  part  of  the  Federal  Government. 

Organizations  more  or  less  similar  are  maintained  by  the  Governments  of  Great 
Britain,  France,  Canada,  Cuba,  and  the  Philippines.  To  the  Governments  of  the 
various  Latin-American  Republics,  nearly  all  of  which  have  extensive  seacoasts,  it 
would  appear  that  ther^  could  be  no  better  investment  for  both  commercial  and 
military  piuposes,  and  as  a  preliminary  step  toward  the  establishing  of  a  merchant 
marine,  than  an  c^cient,  wide-awake  Coast  Guard. 


ORGANIZATION  OF  THE  TECHNICAL  WORK  OF  THE  UNITED  STATES 
UGHTHOUSE  SERVICE,  AND  ITS  COORDINATION  WITH  OTHER  GOV- 
ERNMENT SIBRVICES. 

By  GEORGE  R.  PUTNAM, 
Commiisuyner  of  LighUunues,  United  States  LightJumu  Service, 

In  the  United  States  the  lighthouses,  light  ships,  fog  signals,  buo3r8,  and  beacons 
are  in  charge  of  the  Lighthouse  Service,  which  is  a  bureau  under  the  Department  of 
Conmierce. 

On  the  organization  of  the  United  States  Government  this  was  probably  the  first 
technical  work  provided  for,  as  it  was  authorized  by  the  act  of  August  7,  1789,  al- 
though the  plan  of  organization  has  since  been  changed  several  times. 

This  service  establishes  and  maintains  the  aids  to  navigation  on  all  the  sea  and  lake 
coasts  and  the  navigable  rivers  of  the  United  States  and  of  territory  under  its  juris- 
diction with  the  exception  of  the  Philippine  Islands  and  the  Panama  Canal  Zone. 
It  maintaiufl  the  marks  on  about  47,000  miles  of  coast  line  and  river  channels,  measured 
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in  3  mile  steps,  including  sach  widely  separated  regions  as  P(»to  Rico,  Hawaiian 
Islands,  Samoan  Islands,  Guam,  and  Alaska. 

There  is  no  special  tax  on  shipping  for  the  lighthouse  maintenance,  but  approjHia- 
tions  for  this  work  are  made  out  of  the  general  funds  of  the  Government. 

The  work  of  the  Lighthouses^  Service  is  carried  on  through  a  central  office  and  an 
organization  of.  19  districts.  The  central  office  is  in  Washington,  and  is  under  the 
Commissioner  of  Lighthouses  and  the  Deputy  Gommissioner. 

There  are  in  this  office  two  engineering  divisions,  one  under  the  chief  constructing 
engineer  having  supervision  over  the  construction  and  upkeep  of  all  fixed  structures 
and  the  other  under  the  superintendent  of  naval  construction  charged  with  the  con- 
struction and  supervision  of  the  repair  of  all  vessels  and  floating  equipment.  There 
is  also  a  hydrographic  division  which  maintains  records  of  all  aids  to  navigation,  and 
edits  the  publications  as  to  them. 

In  addition  to  the  various  district  depots  there  is  in  the  third  lighthouse  district  on 
Staten  Island,  New  York  Harbor,  a  general  lighthouse  depot,  where  many  of  the 
supplies  for  the  whole  service  are  purchased  and  stored  and  sent  out  for  dis^bution 
and  where  much  of  the  special  apparatus  of  the  service  is  manufactured  or  repaired 
and  where  also  there  is  carried  on  various  technical  work  in  the  way  of  testing  apparatus 
and  supplies  and  designing  or  improving  apparatus. 

Each  district  is  provided  with  one  or  more  lighthouse  tenders  for  the  purpose  of 
distributing  supplies  to  the  various  stations  and  light  vessels  and  for  transportation 
of  materials  for  construction  or  repair,  for  the  placing  and  care  of  the  buoyage  system 
in  the  district,  and  for  transporting  the  inspector  and  other  officers  of  the  service  on 
official  inspections  of  stations  and  vessels  and  on  other  official  duty.  At  present 
there  are  46  of  these  supply  vessels.  The  tenders  vary  in  size  and  draft  according  to 
the  service  required,  from  the  large  seagoing  tenders,  190  feet  in  length  and  30  feet 
beam,  to  small  shallow  draft  tenders  60  to  90  feet  long.  The  cost  of  the  maintenance, 
repair,  and  improvement  of  the  lighthouse  tenders  is  about  25  per  cent  of  the  total 
expenditure  for  the  Lighthouse  Service,  and  in  addition  on  an  average  one  or  two  new 
vessels  must  be  built  each  year  to  keep  up  this  number  of  vessels,  replacing  those 
worn  out  in  service. 

A  standard  method  of  cost  keeping  has  been  in  operation  for  several  years  through- 
out the  Lighthouse  Service.  The  object  of  this  system  is  to  furnish  correct  informa- 
tion as  to  the  actual  cost  of  every  important  feature,  information  which  is  of  value  in 
preparing  estimates,  in  planning  work,  in  effecting  economies,  and  in  comparing 
the  efficiency  of  different  districts,  vessels,  apparatus,  etc.  The  system  has  been 
kept  as  simple  as  practicable  in  order  to  avoid  expense  and  to  avoid  obscuring  the 
main  facta.  The  itemized  costs  of  each  office,  depot,  light,  and  fog  signal  station, 
tender  and  light  vessel  are  shown  separately.  The  costs  of  minor  lights,  daymarks, 
and  lighted  and  unlighted  buoys  are  shown  in  groups  by  districts,  each  type  of  aid 
to  navigation  being  accounted  for  separately.  In  all  cases  the  costs  are  divided  into 
main  headings— maintenance  and  betterments.  The  cost  of  maintenance  includes 
what  may  be  considered  fixed  charges,  such  as  salaries,  rations,  fuel,  and  general  ex- 
ffendable  supplies.  The  item  of  betterments  includes  repairs,  improvements,  and 
new  construction,  and  is  further  subdivided  to  show  the  cost  of  labor  and  materials 
separately  for  each  principal  object.  The  costs  are  based  on  the  actual  expenditures 
during  the  fiscal  year,  whether  of  money  or  supplies. 

A  volume  of  Regulations  is  issued  for  the  guidance  of  the  responsible  officers  of 
the  Service;  this  contains  also  laws  and  decisions  directly  affecting  the  Lighthouse 
Service,  conveniently  and  concisely  arranged  with  the  Regulations.  A  volume  of 
Instructions  to  Employees  is  also  issued  for  the  immediate  guidance  of  employees  at 
stations  and  on  vessels.  Diagrams  of  the  principal  lighting  and  fog-signal  apparatus 
are  issued,  showing  the  parts  and  with  instructions  for  use. 
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In  carrying  on  the  work  of  the  Lighthouse  Service  special  effort  is  made  to  consult 
the  needs  and  obtain  the  views  of  maritime  interests  as  to  aids  to  navigation  and  to 
cooperate  effectively  with  other  branches  of  the  Government  having  interest  in  or 
relations  with  the  work  of  this  service.  Also  in  matters  affecting  aids  to  navigation 
adjacent  to  international  boundary  lines  consultation  is  had  with  the  lighthouse 
authority  of  the  country  affected. 

The  following  is  a  summary  of  the  principal  lines  in  which  cooperation  is  had  with 
other  branches  of  the  United  States  Government,  though  there  are  many  individual 
acts  of  cooperation  not  covered  here. 

The  Engineer  Department  of  the  War  Department,  in  connection  with  harbor  and 
channel  improvements,  fumishee  information  as  to  changes  that  will  affect  aids  to 
navigation ,  and  in  some  instances  provides  a  suitable  location  for  a  light  on  the  harbor 
works;  where  advantageous,  arrangement  is  made  with  the  engineers  to  prepare  the 
required  foundation;  there  is  also  cooperation  as  to  the  lighting  of  wrecks  and  fish- 
pounds. 

The  Coast  and  Geodetic  Survey  furnishes  information  of  newly  discovered  dangers 
requiring  marking  and  determines  the  geographical  positions  of  aids  and  of  marks 
useful  in  locating  aids,  and  the  Lighthouse  Service  supplies  to  the  survey  all  facts  noted 
affecting  the  charts.    Notices  to  mariners  are  published  jointly. 

The  Hydrographic  Office  and  its  branch  offices  and  vessels  of  the  Navy  send  to  the 
nearest  lighthouse  district  offices  reports  received  or  facts  noted  affecting  aids  to 
navigation  and  suggestions  and  recommendations.  Information  of  urgent  importance 
respecting  aids  is  furnished  to  the  Navy  Department  and  is  sent  broadcast  by  radio 
to  vessels  at  sea. 

The  Public  Health  Service  makes  special  sanitary  inspection  of  light  stations  and 
lighthouse  vessels  and  aids  the  work  in  other  ways. 

The  Coast  Guard  vessels  and  keepers  of  stations  report  to  the  nearest  lighthouse 
office  all  buoys  or  other  aids  noted  out  of  position  or  out  of  order  and  assist  in  the 
recovery  of  buoys. 

Inspectors  of  the  Steamboat  Inspection  Service  transmit  to  the  nearest  lighthouse 
inspector  reports  received  of  collisions  of  vessels  with  lightships  or  buoys;  they  also 
inspect  the  steam  plants  of  Lighthouse  Service  vessels  as  well  as  new  boilers  and 
certain  other  materials  for  vessels  under  construction. 

The  Forest  Service  assists  in  the  preservation  and  growing  on  lighthouse  reserva- 
tions of  timber  suitable  for  spar  buoys. 

The  Bureau  of  Standards  has  designed  radio  apparatus  for  Lighthouse  Service  use 
and  has  made  special  tests  and  furnished  technical  advice  on  various  matters. 

The  Lighthouse  Service  supplies  information  respecting  aids  to  navigation  to  all 
the  above  and  other  branches  of  the  Government  having  need  for  this  data  and  co- 
operates also  in  the  placing  of  buoys  or  other  marks  for  special  purposes.  Incidental 
to  its  regular  work  the  service  aids  to  a  large  extent  each  year  in  the  saving  of  life  and 
property  through  the  efforts  of  the  crews  of  vessels  and  of  the  keepers  of  stations. 


UNITED  STATES  UOHTHOUSE  SERVICE,  UGHTHOUSES,  FOG  SIGNALS^ 
UGHT-VESSELS,  AND  BUOTS. 

By  GEORGE  R.  PUTNAM, 

Commissioner  of  Lighthouses  ^  United  States  Lighthouse  Service, 

Extent  of  service.— ThiB  service  has  direct  charge  of  the  mantenance  of  aids  to  navi- 
gation on  all  coasts  under  the  jurisdiction  of  the  United  States  except  the  Philippine 
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Islands  and  the  Panama  Canal.    It  is  the  largest  lighthouse  oiganization  in  the  world. 
The  total  number  of  aids  in  service  on  June  30, 1915,'  was  14,544,  as  follows: 

Lighted  aids: 

Lights  (other  than  minor  lights) 1,662 

Minor  lights 2,837 

Light-vessel  stations 53 

Gas  buoys 470 

Float  lights 124 

Unlighted  aids: 

Fog  signals 527 

Submarine  bells 50 

Whistling  buoys,  unlighted 86 

Bell  buoys,  unlighted 237 

Other  buoys 6,488 

Day  beacons 2,001 

The  total  lighted  aids  of  all  kinds  was  5,155,  the  total  fog  signals  (including  sound- 
ing buoys)  was  1,097,  and  the  total  floating  aids  was  7,467.  For  the  past  five  years 
the  average  annual  increase  in  the  total  number  of  aids  has  been  566.  This  represents 
a  net  increase  after  allowing  for  an  average  of  516  aids  a  year  discontinued  in  the  inter- 
est of  economy  and  efficiency. 

There  has  been  a  strong  demand  for  improved  li^^ting  of  the  Alaskan  waters,  and  the 
number  of  lights  on  the  coast  of  Alaska  has  been  increased  from  37  in  1910  to  112  in  1915. 

Lighthouses, — ^The  desirable  distribution  along  a  coast  of  lights  and  other  aids  depends 
on  the  maritime  importance  of  the  coast,  on  its  physical  character,  and  on  the  prevaU- 
ing  meteorological  conditions,  and  the  problem  varies  greatly  on  different  portions  of 
the  coast  of  the  United  States.  The  north  Atlantic  coast  has,  for  instance,  both  a  large 
transoceanic  conmierce  and  a  laige  coasting  trade  and  several  of  its  harbors  rank  among 
the  world's  great  seaports.  On  the  other  hand  there  are  considerable  stretches  of  the 
western  and  northern  Alaska  coast  which  are  approached  by  very  little  shipping.  The 
coasts  of  New  England  and  of  southern  Alaska  are  rockbound  and  rugged,  and  very 
intricate,  with  indentations,  islands,  rocks  and  reefe;  most  of  the  Pacific  coast  is  pre- 
cipitous and  rocky  but  of  simple  outline;  much  of  the  south  Atlantic  and  Gulf  coast 
is  low  and  sandy,  of  simple  contour,  but  with  extensive  inside  navigable  waters. 

On  the  Atlantic  coast  north  of  Cape  Hatteras,  with  slight  exceptions,  the  main  lights 
are  placed  at  such  intervals  that  their  arcs  of  visibility  overlap.  The  American  shores 
of  the  Great  Lakes  are  nearly  continuously  lighted,  as  are  the  south  Atlantic  coast  from 
Cape  Remain  to  the  end  of  the  Florida  Reefe,  and  about  half  of  the  Pacific  coast.  On 
the  balance  of  the  Atlantic,  Gulf,  and  Pacific  coasts  there  are  unlighted  stretches 
between  the  lights  which  stand  on  the  projecting  headlands.  Along  the  enormous 
coast  line  of  Alaska  there  are  only  a  few  general  coast  lights,  but  the  principal  inland 
channel  is  nearly  continuously  lighted.  On  the  great  Mississippi  River  system  there 
are  2,696  aids  marking  4,246  miles  of  channel,  being  an  average  of  about  2  aids  to  each 
3  miles  of  channel. 

Many  types  of  structure  have  been  used  for  the  lighthouses  of  the  United  States,  and 
various  materials  employed,  including  stone,  brick,  iron,  steel,  plain  concrete,  rein- 
forced concrete,  and  wood.  The  latter  was  used  in  the  earlier  work  in  some  portions  of 
the  country  because  of  economy  and  facility  of  construction,  but  now  endeavor  is  made 
to  eliminate  perishable  materials  so  far  as  practicable  and  to  erect  all  structures  in  a 
permanent  manner,  so  as  to  avoid  or  greatly  lessen  future  repair  charges. 

On  the  low  lying  Atlantic  and  Gulf  coasts  of  the  United  States  high  towers  have  been 
required  for  the  main  coast  lights,  the  tallest  being  that  at  Cape  Hatteras,  193  feet  from 

1  An  data  berein  are  glyen  for  this  date. 
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base  to  top  of  lantern;  on  the  more  precipitous  Pacific  coast  tall  towers  have  generally 
not  been  necessary. 

The  lighthouse  structures  of  this  country  which  are  more  notable  from  their  diffi- 
culty of  construction  or  location  have  been  described  in  other  publications.  Minots 
Ledge,  a  cut  stone  structure  built  on  a  reef  awash,  near  Boston  Harbor;  Spectacle  Reef 
and  Stannard  Rock,  each  built  in  11  feet  of  water  on  reefs  in  the  Great  Lakes,  using 
cofferdams;  White  Shoal,  built  on  a  timber  crib  floated  to  the  site  and  sunk  in  22  feet  of 
water  in  Lake  Michigan;  and  Tillamook  Rock  and  St.  Georges  Reef  on  the  Pacific  coast, 
both  involving  great  difficulties  because  of  exposed  location  and  character  of  the  rocks 
on  which  they  were  built.  Along  the  Florida  Reefs  five  tall  skeleton  iron  lighthouses 
have  been  built,  supported  on  iron  piles  forced  into  the  coral  rock  or  sand,  and  which 
rest  in  part  on  large  cast-iron  disks. 

Lighth(nuei  on  submannefcmndations. — ^Twelve  lighthouses  in  the  United  States 
have  been  built  on  submarine  foundations,  sunk  into  the  sand  by  the  pneumatic  proc- 
ess, the  first  being  that  at  Fourteen-Foot  Bank,  Delaware  Bay,  in  20  feet  of  water. 
One  of  these,  and  the  only  one  on  the  outside  coast,  is  on  Sabine  Bank  in  the  Gulf  of 
Mexico,  in  18  feet  of  water,  14  miles  from  the  coast.  Another  has  recently  been  built 
on  Thimble  Shoal  in  Chesapeake  Bay,  to  replace  the  screw-pile  lighthouse  on  this 
shoal,  which  was  wrecked  by  collision  in  1909. 

The  foundation  of  this  structure  consists  of  a  pier  built  up  of  cast-iron  plates  bolted 
together.  The  body  of  this  pier  is  30  feet  in  diameter,  spreading  to  42  feet  at  the  base 
and  38i  feet  at  the  deck.  It  was  assembled  on  shore  near  Norfolk,  launched  on  a 
marine  railway,  towed  to  the  site,  and  sunk  by  the  pneumatic  process  12  feet  9  inches 
into  the  sand  bottom,  and  filled  with  concrete.  The  deck  supports  a  three-story  conical 
cast-iron  dwelling,  upon  the  roof  of  which  is  the  helical  bar  lantern  whose  focal  plane  is 
55  feet  above  high  water.  The  fog  signal  consists  of  a  trumpet,  furnished  with  air  by 
kerosene  engines  and  compressors,  which  are  placed  in  the  basement  within  the  pier. 
The  cost  of  this  structure  was  about  $100,000. 

An  important  bay  lighthouse  on  Brandy  wine  Shoal,  in  Delaware  Bay,  has  recently 
been  reconstructed.  The  former  lighthouse  was  supported  by  a  screw-pile  structure. 
The  new  lig}ithouse  is  wholly  of  reinforced  concrete  and  consists  of  an  unprotected 
cylindrical  pier  35  feet  in  diameter  resting  in  8  feet  of  water  upon  the  heads  of  wooden 
I^ee,  which  were  jetted  into  the  shoal  so  that  their  heads  wore  1  foot  above  it.  The 
reinforced-concrete  pier  was  built  on  shore,  launched,  towed  to  the  site,  sunk  in 
position,  and  secured  upon  the  wooden  piles  by  12  reinforced-concrete  pQes  passing 
through  pockets  in  the  outer  annular  shell  of  the  pier.  The  concrete  piles  were 
secured  within  the  pier  by  filling  these  pockets  with  concrete.  Concrete  was  placed 
over  the  bottom  of  the  shell  and  the  cylinder  was  then  filled  with  sand  and  gravel. 
The  deck  and  tower  up  to  the  lantern  are  of  reinforced  concrete. 

Other  than  those  on  caissons  sunk  by  pneumatic  process  in  the  bays  and  sounds 
35  lighthouses  have  been  built  in  the  water  using  circular  pier  structures  of  cast-iron 
plates  sunk  on  a  prepared  bottom  and  filled  with  concrete.  These  have  generally 
stood  well.  In  a  number  of  instances  lighthouses  have  been  built  on  iron  screw 
piles,  but  two  of  these  have  recently  been  replaced  by  more  substantial  structures. 

Recent  new  lighthotLses, — ^The  most  powerful  light  recently  established  is  that  at 
Kilauea  Point,  on  the  north  cofurt  of  Kauai  Island,  Hawaii.  This  ^*as  built  to  pro- 
vide a  landfall  light  for  shipping  bound  to  Honolulu  from  the  Orient.  The  lighthouse 
is  of  reinforced  concrete  on  rock  foundation.  The  light  is  furnished  by  a  55-milli- 
meter oil-vapor  lamp  with  focal  plane  217  feet  above  the  water  and  37  feet  above 
the  ground.  The  lens  is  composed  of  two  groups  of  two  panels  each,  and  gives  a 
double  fladi  of  240,000  candlepower  every  10  seconds.  The  keepers'  quarters  are 
in  three  separate  stone  dwellings.  There  is  no  fog  signal,  this  coast  being  free  from 
fog.    The  cost  of  the  station  was  about  $78,000. 
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The  construction  of  the  breakwater  for  Los  Angeles  Harbor,  Cal.,  necessitated  build- 
ing a  light  and  fog  signal  at  its  outer  end.  The  station  is  located  upon  a  monolithic 
block  of  concrete  40  feet  square,  20  feet  in  height,  with  top  11  feet  above  high  water; 
this  block  was  constructed  as  a  part  of  the  end  of  the  breakwater,  which  is  of  riprap, 
and  the  end  is  in  51  feet  of  water.  The  lighthouse  has  a  structural-steel  framework 
throughout.  The  first  story  is  octagonal  and  covered  with  steel  plates.  The  upper 
stories  are  cylindrical,  and  tiieir  exterior  walls  are  covered  with  cement  plaster  on  rein- 
forcing metal,  and  the  interior  partitions  are  similarly  constructed.  Surmounting  the 
tower  is  a  helical  bar  lantern,  in  which  is  a  bivalve  flashing  lens  and  oil- vapor  lamp 
with  focal  plane  73  feet  above  the  water.  The  fog  signal,  housed  in  the  same  structure, 
consists  of  two  6-inch  sirens,  with  compressed  air  supplied  by  duplicate  direct-con- 
nected gasoline-engine-driven  air  compressors.    The  total  cost  was  $35,971. 

The  improvement  of  harbors  on  the  Great  Lakes  has  necessitated  the  replacing 
of  a  number  of  lighthouses  and  fog  signals  by  new  structures.  A  recent  instance  is 
Superior  Entry,  Wis.,  where  the  main  light  and  the  fog  signal  are  on  the  outer  end 
of  the  new  south  brealnrater.  The  structure  is  carried  on  a  rectangular  concrete 
base  Hi  feet  high,  rising  from  the  level  of  the  breakwater.  Reinforced  concrete 
is  used  throughout  in  the  construction,  with  structural-steel  framing  to  carry  the  floor 
and  roof  slabs  of  reinforced  concrete.  The  tower  is  surmounted  by  a  cast-iron  deck 
and  helical  lantern,  with  the  focal  plane  of  the  incandescent  oil-vapor  lamp  70  feet  above 
the  water.  The  gasoline-engine-driven  air  compressors  for  sounding  the  fog  signal 
are  on  the  first  floor,  and  living  quarters  on  the  second.  The  lights  at  the  ends  of 
the  north  breakwater  and  the  two  pierheads  are  automatic  acetylene-gas  lights  on 
skeleton  steel  towers.    The  total  cost  of  these  aids  to  navigation  was  about  $38,000. 

It  has  recently  been  necessary  to  rebuild  the  Buffalo,  N.  Y^,  Breakwater  light 
because  of  the  decayed  condition  of  the  old  structure.  The  old  crib  foundation 
was  removed  to  a  point  4  feet  below  lake  level.  The  base  of  the  new  building  is  of 
reinforced  concrete,  built  on  concrete  blocks  resting  on  the  underwater  crib  founda- 
tion. The  building  is  rectangiilar  and  is  constructed  of  vitrified  brick,  with  trim 
of  granite.  The  oil-vapor  lamp  in  a  four-panel  revolving  lens  is  65  feet  above  lake 
level,  and  gives  a  flash  of  180,000  candle  power  every  5  seconds.  The  fog  signal  is 
in  duplicate,  and  consists  of  a  diaphone,  blown  by  compressed  air  supplied  by  direct- 
connected  oil-engine-driven  air  compressors.  There  is  a  stored-air  reserve  for  im- 
mediate starting  of  the  fog  signal  in  case  of  necessity.    The  total  cost  was  $53,357. 

Construction  work  has  been  commenced  on  two  important  new  lighthouses,  both 
of  reinforced  concrete,  one  on  Navassa  Island,  in  the  West  Indies,  and  one  at  Cape 
St.  Elias,  Alaska. 

Small  beacon».—The  new  Livingstone  Channel  in  the  Detroit  River  has  been  marked 
with  gas  beacons  and  buoys  throughout  its  length  of  6i  miles,  the  lights  being  placed 
opposite  each  other  and  at  intervals  of  about  i  mile,  and  with  spar  buoys  intermediate 
between  the  gas  buoys.  The  beacons  consist  of  concrete  piers  22  by  35  feet  in  plan, 
with  their  ice  breakers  protected  by  steol  plating,  pointed  upstream.  In  the  con- 
struction of  the  beacons  advantage  was  taken  of  the  cofferdam  a  mile  in  length  which 
was  built  for  the  purpose  of  taking  out  the  principle  rock  cut.  The  solid  concrete 
foundations  of  six  of  the  beacons  were  built  in  place  in  the  dry  before  the  cofferdam 
was  removed.  Four  other  piers  are  reinforced-concrete  caissons,  built  v^ithin  the 
cofferdam  when  it  was  dry,  floated  out  after  the  water  was  admitted,  and  sunk  in 
12  to  14  feet  of  water  on  their  sites,  which  had  previously  been  dredged  clean  to  rock 
and  covered  with  small  stone  to  give  an  even  and  level  bearing;  the  interior  of  the 
cribs  was  then  filled  with  concrete.  Tv^o  additional  beacons  in  deeper  water  rest 
on  timber  cribs  capped  with  concrete  blocks. 

Reinforced  concrete  has  also  recently  been  used  to  some  extent  for  foundations  for 
small  beacon  lights  in  the  water,  using  three,  four  or  more  reinforced-concrete  piles 
and  reinforced-concrete  decks. 
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A  new  type  of  cast-iron  mast  for  unattended  automatic  gas  lights  has  been  developed 
and  installed  on  the  Point  Judith  Breakwaters,  which  in  times  of  storm  are  sometimeB 
swept  by  the  sea  to  a  depth  of  10  feet.  Each  light  structure  is  made  up  of  a  hollow 
cast-iron  column  33  feet  long  and  10  inches  outside  diamet^,  made  in  three  sections. 
The  columns  are  set  9  feet  into  the  breakwat^  and  embedded  in  concrete.  Around 
the  top  section,  20  feet  above  high  water  is  a  steel  tank  house  4  feet  in  diameter  for 
holding  gas  tanks.  The  acetylene  lantern  is  mounted  above  this  tank  house.  The 
columns  are  filled  with  concrete  with  reinforcing  rods.  The  columns  offer  but  a  sduiU 
surface  to  resist  the  waves  and  the  tank  house  is  above  their  reach ;  the  structures  have 
withstood  severe  storms  and  given  satisfaction.  The  average  cost  of  a  beacon  of  this 
character  with  equipment  was  $2,500. 

Beacons  with  unattended  automatically  flashing  gas  lights  have  been  established  in 
inaccessible  localities  where  the  expense  of  complete  lighthouses  was  not  warranted 
at  present.  There  are  now  64  such  beacons  in  Alaska;  15  of  these  during  the  year  1912 
were  installed  at  an  average  cost  of  |1,387  each.  Each  beacon  is  provided  with  tanks 
eUmug  sufficient  acetylene  gas  to  operate  the  light  for  about  five  months. 

An  interesting  installation  of  this  character  is  the  acetylene-gas  beacon  placed  in 
1912  on  Kichardson  Kock,  a  storm-swept  reef  difficult  of  access,  lying  in  200  feet  of 
water  and  21  miles  off  Point  Conception  on  the  California  coast.  This  light  is  mounted 
on  a  steel  skeleton  tower  50  feet  in  height.    The  cost  was  |3,774. 

A  similar  beacon  was  recently  placed  on  Redding  Hock,  lying  about  4)  miles  off  the 
northern  coast  of  Califomia;  this  was  even  more  difficult  than  at  Kichardson  Rock 
owing  to  the  smaller  size  of  the  rock  and  the  greater  hazard  of  landing.  This  light  is  of 
390  candlepower,  and  is  carried  on  a  30-foot  steel  skeleton  tower,  with  focal  plane  116 
feet  above  high  water.    The  cost  was  $3,202. 

Unattended  lights,  using  various  types  of  gas  apparatus  or  electricity,  have  been  in- 
stalled in  recent  years  at  a  number  of  stations  where  previously  there  were  resident 
keepers,  but  this  has  been  done  only  at  stations  of  subordinate  importance  and  where 
there  are  no  fog  signals. 

In  the  past  five  years  193  lights  were  changed  from  oil  to  automatic  gas  or  electric. 
Although  some  of  these  are  in  charge  of  keepers  of  other  lights,  yet  by  these  changes 
there  was  effected  a  saving  in  number  of  keepers  of  62  and  a  saving  in  compensation  of 
keepers  of  about  $39,000  a  year,  besides  lessened  expense  in  other  ways,  such  as  upkeep 
of  dwellings. 

Improvements  in  lighting  apparatus. — ^lliere  has  been  steady  progress  in  the  United 
Stat^  in  improving  the  lights,  particularly  in  the  matter  of  giving  a  distinguishing 
characteristic  to  lights  that  were  originally  fixed,  or  improving  the  characteristic  and 
increasing  the  candlepower  of  existing  lights.  During  the  past  five  years  169  lights 
have  been  changed  from  fixed  to  flashing  or  occulting.  Especially  marked  progress  in 
this  respect  has  been  made  on  the  Pacific  coast,  where  of  the  primary  lights  11  were 
fixed  li^ts  in  1910,  whereas  in  1915  only  2  out  of  34  are  fixed  lights;  of  the  total  primary 
Hg^ts  on  the  Atlantic  and  Pacific  coasts,  in  1910, 65  were  fladiing  or  occulting  and  37 
fixed ,  and  in  1915, 80  were  fladiing  or  occulting  and  24  fixed .  Many  stations  also  have 
been  provided  with  quicker  flashing  lights  in  place  of  former  slow  revolving  apparatus. 

The  use  of  oil-vapor  lamps  Increases  the  illtuninating  power  from  a  given  quantity  ot 
kerosene  oil  by  about  eight  times,  and  these  lights  have  been  greatly  appreciated  be- 
cause of  their  superior  brilliancy.  The  number  of  oil- vapor  installations  at  light 
stations  has  been  increased  from  80  in  1910  to  286  in  1915,  a  total  increase  of  206  stations, 
or  257  per  cent.  Most  of  the  primary  coast  lights  are  now  provided  with  oil- vapor  lamps. 
An  improved  type  of  incandescent  oil-vapor  Jamp  has  been  designed  and  put  into 
8»vice.  Two  sizes  are  in  general  use,  one  with  mantle  35  millimeters  and  the  other 
55  millimeter  in  diameter.  There  has  also  been  installed  a  lamp  with  a  cluster  of  three 
55  millimeter  lamps.  The  intensities  of  these  bare  lamps  are  600,  1,500,  and  2,500 
candles,  and  the  aU  consumption  450,  900,  and  2,200  gallons  per  annum,  respectively. 
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Although  only  one  shore  station,  Naveeink,  N.  J.,  is  equipped  with  electric  light  for 
which  current  is  generated  at  the  station,  at  30  minor  stations  electric  li^ts  are  used, 
either  incandescent  or  arc,  obtaining  current  from  an  outside  source,  usually  a  city  elec- 
tric service.  Where  such  lights  have  a  characteristic  other  than  fixed,  it  is  obtained 
either  by  a  revolving  lens,  by  some  make-and-break  electric  device  controlled  by 
clockwork  or  by  some  occulting  device  driven  by  a  motor. 

Light$kip$.—-Otthe  aids  to  navigation  maintained  by  this  service,  7,467  or  more  than 
half  are  floating  on  the  water,  moored  in  position. 

li^t  vessels  are  now  maintained  on  53  stations  and  there  are  13  relief  light  vessels  in 
addition  to  the  station  ships.  Owing  to  the  great  increase  in  the  efficiency  of  gas 
buoys,  to  the  large  expense  of  maintaining  light  ships,  and  to  their  replacement  in  some 
instances  by  permanent  lighthouses,  there  has  been  but  a  small  increase  in  the  numb^ 
of  light  vessel  stations  in  recent  years,  the  net  increase  in  12  years  l>eing  but  8. 

The  total  expenditure  for  the  light  vessels  of  the  United  States  was  in  the  fiscal  year' 
1915,  $756,000,  or  14  per  cent  of  the  total  expense  of  the  service. 

More  than  half  of  the  light  vessels,  or  35,  have  self-propelling  machinery,  and  all  the 
vessels  on  the  more  exposed  and  important  stations  are  so  provided,  thus  asRlBting  them 
to  maintain  or  regain  their  positions  in  stormy  weather,  and  enabling  them  unaided  to 
proceed  to  and  from  their  stations.  Three  of  the  station  light  vessels  on  the  most  ex- 
}>06ed  stations  arcf  equipped  with  radio  apparatus. 

Recent  light  vessel  design  is  illustrated  by  the  plans  for  light  vessels  now  imder 
construction  to  be  used  on  the  Atlantic  and  Gulf  coasts.  Each  vessel  will  have  a 
length  of  92  feet  on  water  line,  a  beam  of  25  feet,  and  draft  of  11  feet  4  four  inches. 
F<»r  increased  safety  a  flush-deck  construction  is  adopted;  there  are  five  waterti^t 
bulkheads,  and  the  vessel  is  built  of  steel  and  noncombustible  materials  throu^out. 
The  propelling  engine  will  be  about  200  horsepower,  internal  combustion,  oil-biuning 
and  direct  reversible.  The  light  will  be  oil  vapor  or  gas,  and  will  be  carried  50  feet 
above  the  water  in  a  lantern  accessible  through  the  single  tubular  mast  on  which  it  is 
moimted.  The  fog  signal  will  be  a  siren  using  compressed  air,  and  also  a  submarine 
bell;  the  air  will  be  supplied  by  duplicate  air  compressors  driven  by  internal-com- 
bustion oil  engines.  The  use  of  oil  fuel  for  power  instead  of  coal  will  obviate  much  of 
the  difficulty  and  heavy  expense  experienced  in  keeping  light  vessels  supplied  with 
fuel,  and  will  permit  the  vessel  to  remain  longer  on  a  station. 

Some  of  the  light  vessels  of  this  service  are  placed  on  very  exposed  stations,  as  for 
instance  Diamond  Shoal  Li^t  Vessel,  moored  in  30  fathoms  of  water  13  miles  off  Gape 
Hatteras,  the  projecting  point  of  the  Atlantic  coast  of  the  United  States,  Nantucket 
Light  Vessel  moored  in  30  fathoms  41  miles  off  the  land,  and  Blunts  Keef  Li^t  Vessel 
moored  in  28  fathoms  4  miles  off  Cape  Mendocino,  the  most  prominent  point  on  the 
Pacific  coast  of  the  United  States.  The  importance  of  these  vessels  to  shipping  on 
the  great  routes  which  they  nutrk  increases  the  necessity  for  their  being  maintained 
uninterruptedly  on  station.  They  are  therefore  provided  with  full  propelling  power, 
which  is  used  with  caution  to  relieve  the  strain  on  the  moorings  in  storm,  or  to  return 
to  the  station  in  case  the  vessel  is  driven  from  it.  Two  of  these  vessels  are  also  moored 
with  a  submerged  buoy  shackled  to  the  mooring  chain  at  about  one-third  its  length 
from  the  vessel,  with  the  object  of  lessening  the  strain  on  the  moorings  in  heavy  weather. 

A  number  of  the  light  vessels  of  this  country  have  fixed  lights,  but  in  most  of  these 
a  distinctive  characteristic  is  obtained  by  the  use  of  two  lights  or  the  use  of  red  for  a 
single  light  or  in  combination;  new  vessels  are  being  provided  with  lights  more  defi- 
nitely distinctive  in  character,  and  13  vessels  now  have  flaflhing  or  occulting  lights. 
While  most  of  the  older  vessels  carry  oil  wick  lamps,  in  recent  years  vessels  have 
been  equipped  with  various  other  illuminants,  as  acetylene,  incandescent  electric, 
electric  arc,  incandescent  oil  vapor,  and  oil  gas  with  mantle. 

Buoys.— The  United  States  Li^thouse  Service  now  maintains  7,414  buoys  of  all 
descriptions.    The  direct  cost  of  maintaining  these  buoys  is  but  5  per  cent  of  the  total 
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expenditure  of  the  service,  this  direct  cost  including  supplies,  repairs,  and  new  buoys 
and  appendages.  The  maintenance  of  lighthouse  tenders,  however,  is  25  per  cent  of 
the  total  cost  of  the  service,  and  a  considerable  part  of  this  tender  expense,  as  well  as 
of  the  depot  expense,  which  is  8  per  cent,  is  properly  chargeable  to  the  maintenance 
of  buoys,  80  that  it  may  be  estimated  that  approximately  25  per  cent  of  the  field  ex- 
penditure of  the  service  is  on  account  of  buoy  work.  They  are,  however,  considered 
very  effective  aids,  because  of  their  capability  of  being  placed  directly  at  the  locations 
important  to  be  marked  without  ordinarily  being  a  menace  to  navigation  in  themselves. 

The  United  States  maintains  479  gas  buoys,  this  number  having  increased  254,  or 
113  per  cent,  in  the  past  5  years.  The  first  gas-lighted  buoy  in  the  United  States  waters 
was  placed  in  1882.  The  increase  in  this  class  of  aids  to  navigation  has  been  greatly 
appreciated  by  shipping  interests.  Several  different  types  of  gas  buoys  have  been 
tried;  greater  safety  and  reliability  have  been  obtained  with  buoys  supplied  with 
gas  under  pressure,  and  most  of  the  buoys  now  in  service  use  oil  gas  compressed  in 
the  buoy  body,  or  acetylene  gas  compressed  in  tanks  set  in  the  buoy.  Apparatus 
for  generating  gas  in  the  buoy  has  not  thus  far  been  as  successful  as  similar  installations 
on  shore.  Of  the  oil  gas  buoys  224  are  provided  with  mantles  and  117  are  not;  while 
the  mantles  give  a  much  more  brilliant  light,  yet  their  use  owing  to  possible  break- 
ages introduces  an  element  of  uncertainity  in  the  burning  of  the  light  and  of  added 
cost  for  tender  service;  for  a  number  of  these  buoys  the  average  life  of  the  mantles  was 
71  days.  As  a  consequence  mantles  have  been  removed  from  some  gas  buoys  in  some- 
what exposed  or  inaccessible  locations.  They  have  not  been  used  in  buoys  on  out- 
aide  exposed  stations.  The  service  has  developed  a  moderate  draft  combination  gas 
and  bell  buoy  using  acetylene  gas  which  will  operate  300  days  on  one  charge  of  gas, 
with  one-tenth  light  period,  thus  making  it  available  for  the  entire  season  on  certain 
parts  of  the  North  Atlantic  coast  where  gas  buoys  can  be  maintained  only  during  the 
eason  free  from  ice.  A  smaller  and  less  expensive  gas  buoy  for  shoal  waters  has  also 
now  been  designed,  which  will  operate  for  230  days  on  one  charge  under  the  above 
conditions. 

The  service  maintains  467  sound-producing  buoys  equipped  with  either  whistles  or 
bells.  Of  these  144  are  combination  buoys,  gas  and  whistle  ex  gas  and  bell.  These 
combination  buoys  are  economical  in  obtaining  the  two  results,  a  light  and  a  fog 
signal,  with  one  buoy  instead  of  two.  In  some  positions,  however,  it  has  been  found 
desirable  to  maintain  the  separate  gas  and  bell  buoys  on  one  station,  particularly 
in  a  strong  tideway. 

Submarine  bells  have  been  installed  on  9  buoys,  each  of  which  has  also  gas  light 
and  aerial  whistle.  One  of  the  present  type  of  submarine  bell  buoys  has  been  on 
station  since  October,  1911.  It  has  several  times  been  reported  to  have  been  heard 
15  miles,  but  the  mechanism  has  not  yet  been  proven  fully  reliable.  The  bell  is 
about  29  feet  below  the  surface. 

Tall  type  can  and  nun  buoys  are  used  for  marking  the  more  important  channels, 
where  greater  prominence  in  the  aid  is  desirable.  These  buoys  of  the  first  class  have 
diameter  of  5  feet  and  stand  above  the  water  9  to  13  feet. 

The  development  and  more  extended  use  of  gas  buoys  has  broiight  about  an  im- 
portant change  in  the  system  of  marking  important  entrance  channels.  Recent 
experience  has  shown  that  lighted  buoys  immediately  marking  the  critical  points 
and  the  sides  of  channels  are  often  more  valued  by  navigators  than  range  lights. 

Some  important  channels  which  have  recently  been  marked  or  where  the  aids  to 
navigation  have  been  improved  are  described  in  the  following  paragraphs. 

New  York  Harbor  and  its  immediate  approaches,  as  shown  within  the  limits 
of  the  New  York  Bay  chart,  is  provided  with  299  aids  to  navigation,  including  46 
riiore  lights,  2  light  vessels,  and  39  lighted  buoys.  There  are  187  buoys  and  18  fog 
■gnals,  not  including  sounding  buoys.  The  principal  channel  into  this  harbor, 
Ambrose  Channel,  dredged  2,000  feet  wide  and  40  feet  deep  to  give  a  more  direct 
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entrance  to  the  harbor,  has  been  thoroughly  marked,  with  results  satisfactory  to 
mariners.  The  Ambrose  Light  Vessel  is  stationed  5  miles  from  the  entrance.  Two 
miles  from  the  entrance  and  in  the  axis  of  the  channel  is  a  gas  and  whistling  buoy» 
carrying  a  light  28  feet  above  the  water.  The  channel  proper  is  marked  with  18  gas 
buoys,  placed  in  pairs  opposite  each  other,  at  each  entrance  and  at  each  angle  in  the 
channel,  and  at  intermediate  intervals  of  1  mile  on  the  long  leg  of  the  channel  and 
one-half  mile  on  the  shorter  stretches;  intermediate  between  the  gas  bouys  on  the 
long  leg  of  the  channel  are  can  and  nun  bouys,  making  the  spacing  of  buoys  on  each 
side  for  the  length  of  the  channel  about  one-half  mile.  Lights  on  the  starboard  side 
entering  are  red  and  on  the  port  side  white;  the  buoys  at  the  entrances  and  at  the 
turns  are  combination,  bell  on  starboard  side  and  whistle  on  port  side,  with  flashing 
lights,  the  intermediate  lights  being  fixed.  The  two  main  stretches  of  this  channel 
are  also  provided  with  range  lights  marking  their  axes. 

The  Livingstone  Channel,  the  new  dredged  channel  for  southbound  traffic  in  the 
Detroit  River,  is  6}  miles  in  length,  and  has  been  marked  with  8  lighted  beacons  and 
14  lighted  buoys.  The  lights  are  placed  in  pairs  opposite  to  each  other  and  clearly 
marking  the  width  of  the  channel,  and  at  average  intervals  of  about  one-half  mile 
for  the  greater  part  of  the  length,  with  spar  buoys  intermediate  between  the  gat 
buoys.  This  close  marking  has  been  considered  necessary  because  of  the  narrow- 
ness of  the  channel  and  the  great  size  and  numbers  of  the  vessels  using  it.  The 
illuminant  for  the  beacons  is  acetylene  gas  and  for  the  buoys  oil  gas.  The  beacon 
lights  are  fixed  and  are  34  feet  above  the  water;  the  buoy  lights  are  occulating.  The 
lights  on  the  east  side  of  the  channel  are  red  and  those  on  the  west  side  are  white. 

Fog  Hgnals, — ^The  conditions  as  to  fog  differ  greatly  on  various  parts  of  the  coasts 
of  the  United  States.  The  north  Atlantic  coast  and  portions  of  the  Pacific  and  Alaska 
coast  are  extremely  foggy,  while  on  the  south  Atlantic  and  Gulf  coasts  and  Porto 
Rico  and  the  Hawaiian  Islands  there  is  little  fog.  The  average  number  of  hours 
of  fog  for  the  year  decreases  fron  874  hoiurs  on  the  coast  of  Maine  to  165  hours  on  the 
south  Atlantic  and  Gulf  coasts.  There  is  a  moderate  amoimt  of  fog  on  the  Great 
Lakes,  the  average  of  116  stations  being  332  hours  a  year.  The  highest  record  for  a 
year  at  any  station  is  2,734  hours  of  fog  (about  30  per  cent  of  the  total  time),  at  Se- 
guin  light  station,  Maine,  and  there  is  a  record  of  2,070  hoiuis  of  fog  in  a  year  at 
Point  Reyes,  Cal. 

The  distribution  of  fog  signals  along  the  coasts  has  of  course  conformed  to  the  needs 
imposed  by  these  fog  conditions.  On  the  Atlantic  coast  from  Cape  Lookout  north- 
ward there  are  610  fog  signals  of  all  kinds,  including  sounding  buoys,  while  on  more 
than  double  this  extent  of  coast  south  of  Cape  Lookout  and  along  the  Gulf  coast  there 
are  103  fog  signals.  If  sounding  buoys  are  not  included,  there  are  along  the  Atlantic 
coast  from  Cape  Lookout  northward  330  fog  signals,  or  considerably  more  than  half 
of  the  total  of  577  maintained  by  the  service,  and  there  are  32  on  the  south  Atlantic 
and  Gulf  coasts,  76  on  the  Pacific  coast,  10  on  the  Alaskan  coast,  129  on  the  Great 
Lakes,  and  there  are  no  fog  signals  in  Porto  Rico  and  the  Hawaiian  Islands.  Of  the 
total  of  467  bell  and  whistle  buoys  maintained  280  are  on  the  northern  half  of  the 
Atlantic  coast,  34  on  the  Great  Lakes,  and  71  on  the  Pacific  coast. 

The  total  number  of  fog  signals,  including  sounding  buoys,  has  incresed  from  844 
in  1910  to  1,044  in  1915,  an  increase  of  200,  or  24  per  cent. 

The  types  of  fog  signal  apparatus  (exclusive  of  sounding  buoys)  in  use  in  this 
service  are  shown  in  this  table,  with  the  number  of  each  type: 

Air: 

Whistle II 

Siren 82 

Dlaphone S 

Siren  (electric) • 

Reed  horn 4$ 
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Steam: 

Whistle 106 

Siren , 4 

Submarine  bells: 

On  light  vessels  (driven  by  compressed  air) 38 

On  bottom  (electrically  driven) 8 

On  buoys  (operated  by  the  sea) 9 

Bell: 

Clockwork 231 

Electric 13 

Engine 1 

H  and 16 

Horn:  Hand 4 

Gun:  Acetylene 1 

Total 678 

In  recent  years  steam  whistles  have  been  replaced  by  air  sirens  at  some  stations. 
Although  the  steam  whistle  is  a  powerful  fog  signal  and  has  certain  advantages,  such 
as  the  more  uniform  distribution  of  the  sound  and  simplicity  of  operation,  there  are 
objections  to  its  use,  such  as  the  expense  of  operation  and  replacement  of  boilers,  the 
difSculty  of  supplying  coal,  and  the  lack  of  distinctivenees  in  the  sound  from  that  of 
the  whistles  of  vessels,  and  most  important  of  all,  the  time  required  to  start  the  steam 
signal  after  fog  is  observed. 

Some  tests  have  been  imdertaken  as  to  the  practicability  of  the  use  of  radio  fog 
signals. 

The  Lighthouse  Service  has  in  use  13  fog  bells  electrically  operated  from  the  shore. 
Several  of  these  have  been  in  service  a  number  of  years,  and  they  are  found  advan- 
tageous in  making  it  possible  to  place  the  actual  fog  signal  in  an  exposed  position, 
as  at  the  end  of  a  breakwater,  and  permitting  its  distant  control  by  a  keeper  on  shore. 

The  principal  recent  improvements  in  fog-signal  equipment  have  been  in  connec- 
tion with  having  the  signals  sounded  more  promptly  on  the  approach  of  fog.  Progress 
has  been  made  in  this  line  by  a  more  extended  use  of  oil  engines  and  compressed  air, 
improvements  for  starting  engines  promptly,  and  by  the  storage  of  compressed  air. 

The  Chairman.  Is  there  any  discussion  of  these  excellent  papers  ? 

Mr.  Kabapetoff.  Mr.  Chairman  and  gentlemen,  I  should  like  to 
hear  a  little  more  in  regard  to  the  actual  construction  of  the  lights 
and  as  to  how  this  oil  gas  is  used,  and  I  would  like  to  ask  Mr.  Putnam 
if  flashing  lights  are  possible  on  unattended  signals.  Do  those 
unattended  signals  bum  day  and  night,  or  is  there  any  relay  in 
connection  with  them  that  puts  them  in  operation  ? 

Mr.  Putnam.  In  respect  to  the  oil-vapor  light,  in  this  apparatus 
tlie  oil  is  heated  and  vaporized.  The  vapor  passes  through  a  very 
small  nozzle  into  the  burner,  is  mixed  with  air,  and  bums  under  a 
mantle.  That  mantle  is  incandescent,  on  much  the  same  principle  as 
the  Welsbach.  It  gives  a  much  more  powerful  light  than  oil  burned 
from  a  wick.  ^ 

In  respect  to  the  unattended  lights,  most  of  the  unattended  lights 
are  flashing  lights,  in  fact,  nearly  all  of  them.  Such  lights  are 
more  distinctive  and  also  more  economical.  Many  of  the  flash- 
lights bum  only  one-tenth  of  the  time.    Most  of  our  flaslilights  and 


Digitized  by  VjOOQIC 


96  PB0CEEDING8  8E00ND  PAN  AMEBICAN  SCIENTIFIC  C0NOBES8. 

all  the  gaslights  on  the  buoys  bum  day  and  night;  but  we  have  some 
installations  where  the  light  is  cut  off  by  the  sun  yalve,  which  is  a 
device  by  which  the  gas  supply  is  cut  off  when  there  is  sufficient  day- 
light. A  small  pilot  flame,  however,  bums  continuously  and  lights  the 
main  light  when  the  sun  valve  allows  the  supply  of  gas  to  come  on 
again. 

The  Chaibman.  Is  there  anything  further  before  this  session  ?    K 
not,  it  will  stand  adjomned. 

Thereupon,  at  3.30  o'clock,  the  session  adjourned. 
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SESSION  OF  SUBSECTION  4  OF  SECTION  Y. 

Raleigh  Hotel, 
Tuesday  afternoon,  December  t8,  1916. 

Chairman,  M.  O.  Lbighton. 

The  session  was  called  to  order  at  3.50  o'clock  by  the  chairman. 

Papers  presented: 

Mimicipal  water  supplies,  by  George  C.  Whipple. 

Reservoirs  for  mimicipal  water  supply,  by  Alfred  D.  Flinn. 


MUNICIPAL  WATER  SUPPLIES. 

By  GEORGE  C.  WHIPPLE, 
ProfuBor  of  Sanitary  Engineering  in  Harvard  University. 

In  this  paper  recent  progress  in  municipal  water  supplies  in  the  United  States  will 
be  treated  briefly  under  the  following  heads:  En  *  4n^  Work,  Sanitation,  Distri- 
bution and  Sale  of  Water,  and  Efficiency. 

ENOmBBBINO  WORK. 

The  municipal  water  supplies  of  the  United  States  are  taken  from  sources  i^hich 
differ  so  greatly  in  character  that  generalization  is  difficult.  In  the  hilly  countries 
of  New  England  and  along  the  Appalachian  Mountains,  of  the  East,  and  the  Rocky 
Mountains,  of  the  West,  there  are  lakes  and  impounding  reservoirs  which  supply 
water  by  gravity,  often  of  so  good  a  quality  that  filtration  has  not  been  resorted  to. 
In  the  South  and  Middle  West,  below  the  boundaries  of  the  glacial  draft,  the  streams 
are  muddy  and  large  reservoir  sites  difficult  to  find.  In  these  regions  filtered  sup- 
plies from  the  rivers  are  common.  Along  the  Atlantic  coastal  plain  and  elsewhere 
in  the  country,  especially  in  the  dry  areas  of  the  West,  ground  waters  are  used.  The 
cities  on  the  Great  Lakes  use  the  Lake  waters.  If  we  consider  even  the  largest  cities 
of  the  country,  say  those  of  more  than  100,000  inhabitants,  we  find  that  the  water 
supply  problems  are  extremely  varied  in  character,  and  if  we  include  the  smaller 
supplies  the  variety  becomes  still  greater. 

In  quality  also  they  differ  in  the  greatest  possible  way.  New  England  has  soft 
water,  often  colored  and  often  troubled  with  algse  growths  incident  to  storage;  the 
waters  of  the  South  and  Middle  West  are  turbid  and  often  hard;  the  western  waters 
are  much  harder  than  the  eastern  waters.  The  hard  waters  differ  greatly  among 
themselves  in  their  mineral  constituents.  In  addition  to  different  natural  charac- 
teristics there  are  many  local  conditions  which  affect  quality,  namely,  sewage 
pollution,  the  presence  of  iron  or  manganese,  the  infiltration  of  sea  water  along  the 
sea  coast,  the  occurrence  of  sulphurous  compounds  in  the  waters  of  Florida.  In  no 
country  in  the  world  are  the  water  supply  problems  so  interesting,  nowhere  are 
they  so  vast,  as  in  the  United  States. 

In  common  with  all  countries  during  recent  years  the  cities  of  America  have  grown 
in  size  and  number.    Practically  all  of  them  have  been  compelled  to  enlarge  their 
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water  supplies  during  the  last  20  years.  In  some  cases  thb  has  required  merely  the 
addition  of  new  pumps  and  pipe  lines  and  small  extensions  of  the  sources,  which 
have  been  made  gradually  and  without  attracting  much  attention,  but  in  other  cases, 
and  especially  in  those  cities  supplied  from  impounding  reservoirs,  the  enlargements 
have  been  spectacular  as  they  have  involved  the  construction  of  works  sufficient  to 
provide  for  many  years  in  the  future.  Among  these  great  works  there  are  two  which 
stand  out  prominently  as  being  among  the  greatest  and  boldest  hydraulic  works  ever 
seen  in  America,  namely,  the  Oatskill  water  supply,  of  the  city  of  New  York,  and  the 
Owens  River  Supply,  of  Los  Angeles,  Gal.  The  famous  aqueducts  of  Rome  pale  into 
insignificance  in  comparison  with  these  mighty  streams  which  have  been  made  to 
flow  from  the  mountains  to  the  sea  coast,  one  on  the  Atlantic  and  one  on  the  Pacific. 
The  New  York  project  is  surpassed  in  magnitude  only  by  that  of  the  Panama  canal 
itself,  while  in  its  variety  of  difficult  engineering  problems  it  stands  first  among  the 
engineering  feats  of  modem  times.  These  supplies  deserve  more  than  a  passing 
notice. 

CAT8KILL  BUFPLT. 

About  15  years  ago  it  became  recognized  that  the  Croton  supply  of  New  York  City 
would  soon  prove  insufficient  for  the  needs  of  Greater  New  York.  Various  investi- 
gations were  made  between  1900  and  1905,  notably  one  by  the  merchants'  association » 
one  by  Mr.  John  R.  Freeman,  made  to  the  comptroller,  and  one  by  the  Commission 
on  Additional  Water  Supply,  appointed  in  1903,  consisting  of  Prof.  Wm.  H.  Burr  and 
Messrs.  Rudolph  Hering  and  John  R.  Freeman.  This  commission  recommended  a 
new  supply  to  be  derived  from  the  Catskill  Mountain  region.  This  project  was  favora- 
bly received  and  legislation  was  secured  in  1905.  In  the  same  year  the  Board  of  Water 
Supply  was  organized,  and  Mr.  J.  Waldo  Smith  was  made  chief  engineer.  Plana 
were  immediately  prepared  and  after  being  approved  by  the  State  Water  Supply 
Commission  work  was  begun.  It  has  continued  steadily  imtil  at  the  present  time 
the  project  is  very  nearly  completed  and  during  the  coming  year  the  Catskill  water 
will  probably  be  delivered  to  the  city. 

This  project  is  so  vast  that  it  can  not  be  described  here  in  detail.  Suffice  it  to  say 
that  the  first  installment  of  the  supply  will  be  taken  from  the  Esopus  Creek  and 
impoimded  in  the  Ashokan  reservoir,  located  in  the  Catskills  about  100  miles  from 
New  York  City,  and  at  an  elevation  of  520  feet.  In  addition  to  this  enormous  reser- 
voir, which  has  a  capacity  of  132,000,000,000  gallons,  the  works  consist  of  an  aqueduct 
which  extends  through  moimtains  and  across  valleys,  passes  beneath  the  Hudson 
River  by  means  of  an  inverted  siphon  more  than  1,000  feet  beneath  the  water,  past 
Croton  Lake,  with  which  it  connects,  to  a  new  reservoir  constructed  at  Eensico,  and 
finally  to  a  distributing  reservoir  at  Hill  View .  The  first  installment  will  add  a  supply 
of  250,000,000  gallons  daily  to  the  city  but  with  further  developments  a  supply  of 
660,000,000  gallons  per  day  will  be  possible.  Among  the  unique  engineering  features 
is  the  distributing  tunnel  300  to  600  feet  deep  beneath  the  city  of  New  York. 

The  total  cost  of  this  work  will  be  in  the  vicinity  of  1200,000,000.  A  complete  de- 
scription of  the  works  has  been  recently  published  by  Mr.  Lazarus  White  under  the 
title  of  "The  Catskill  Water  Supply  of  New  York  City." 

LOS  ANGELES  SUPPLY. 

In  1890  Los  Angeles,  Cal.,  had  a  population  of  50,000.  During  the  next  10  years 
this  population  doubled,  and  during  the  next  10  years  it  Increased  threefold.  In 
1913  it  was  estimated  as  over  400,000.  This  very  rapid  growth  necessitated  an  enlarge- 
ment of  the  water  supply.  In  1904  a  dry  season  made  the  demand  an  urgent  one  even 
though  at  that  time  the  city  already  had  a  supply  of  40,000,000  gallons  per  day.  After 
investigating  various  local  sources  and  finding  all  of  them  inadequate  it  was  decided 
to  adopt  a  project  of  great  boldness,  namely,  to  develop  a  gravity  supply  from  the 
Owens  River  in  the  Sierra  Nevada  Moimtains,  260  miles  distant.    In  spite  of  the  fact 
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Ihat  the  construction  of  the  neceaaary  works  would  cause  the  city's  limit  of  legal 
indebtedness  to  be  reached  the  project  was  undertaken  and  construction  begun  in 
1907.  The  project  could  probably  never  have  been  carried  out  if  in  addition  to  sup- 
plying water  it  had  not  been  found  possible  to  develop  and  sell  water  power  and  also  to 
provide  water  for  irrigation  purposes,  thus  giving  to  the  city  a  revenue  which  would 
help  to  pay  for  the  cost  of  the  works.  Even  taking  this  prospective  revenue  into 
account  the  project  is  a  daring  one  from  the  financial  aspect,  the  total  cost  of  the 
completed  works  being  in  the  vicinity  of  $25,000,000.  It  is  believed  that  with  a  con- 
tinued growth  of  the  city,  with  the  use  of  water  for  the  irrigation  of  200  square  miles, 
and  the  development  of  120,000  horsepower  distributed  electrically  the  works  will 
be  adequately  financed.  A  matter  of  especial  interest  is  the  fact  that  the  works  have 
been  constructed  by  the  municipality  and  not  by  contract.  It  is  claimed  that  this 
resulted  in  a  great  saving. 

The  boldness  of  the  engineering  work  deserves  brief  mention.  The  Owens  River 
at  the  point  of  intake  is  3,800  feet  above  the  sea.  The  river  water  is  diverted  into  an 
open  unlined  canal  21  miles  long  and  flows  thence  through  an  open  concrete  ditch 
40  miles  long  into  Haiwee  Reservoir.  This  is  sufficient  in  size  to  hold  the  flood  flows 
and  to  give  opportunity  for  the  water  to  improve  in  quality  by  storage.  From  the 
Haiwee  Reservoir  the  water  flows  137  miles  through  a  series  of  tunnels,  conduits,  and 
siphons  into  Fairmont  Reservoir  which  is  designed  to  regulate  the  use  of  water  for 
I>ower  purposes.  Passing  beneath  the  Coast  Range  through  8  miles  of  pressure  tunnel 
the  water  empties  into  a  stirge  chamber  and  then  &lls  941  feet  to  the  wheels  of  the 
first  power  plant  which  will  be  capable  of  generating  69,370  horsepower.  The  next 
stage  is  one  of  7  miles  along  the  rim  of  the  San  Francisquito  Canyon.  Within  this 
distance  there  is  a  fall  of  512  feet  which  can  be  utilized  to  develop  44,100  horsepower. 
The  water  then  enters  the  Dry  Canyon  Reservoir  and  passes  through  an  aqueduct  to 
San  Fernando  Valley  which  is  24  miles  northwest  of  the  city.  This  is  the  end  of  the 
aqueduct.  From  this  point  the  water  is  carried  across  the  San  Fernando  Valley 
throu^  13  miles  of  72-inch  to  62-inch  steel  inverted  siphon,  throu^  the  crest  of  the 
Santa  Monica  Moimtains  by  a  tunnel,  along  Franklin  Canyon  to  the  distributing 
pipes  of  the  city.  The  total  length  of  the  aqueduct  is  about  234  miles,  comprising 
about  50  miles  of  tunnels,  21  miles  of  open  unlined  canals,  40  miles  of  open  lined 
canals,  98  miles  of  concrete-covered  conduits  and  12  miles  of  steel  and  concrete 
siphons. 

The  topographical  and  climatic  conditions  made  this  a  monumental  piece  of  engi- 
neering work.  From  2,500  to  4,000  men  were  continuously  employed  for  about  6  yean 
under  the  general  direction  of  William  Mulholland,  chief  engineer.  The  works  were 
put  into  service  in  September,  1913. 

HETOH  HSTOHT  SUfPLT. 

Another  project  worthy  to  be  compared  with  those  of  New  York  and  Los  Angeles  is 
the  Hetch  Hetchy  water  supply  for  the  city  of  San  Francisco,  which  is  in  con templation. 
At  the  present  time  the  dty  is  supplied  with  water  from  private  water  companies,  but 
with  the  anticipated  growth  of  the  dty  a  new  supply  will  be  needed.  For  a  number  of 
years  the  dty  had  in  contemplation  a  supply  of  water  from  a  great  storage  reservoir  on 
the  Tuolumne  River.  This  is  known  as  the  Hetch  Hetchy  project.  Many  obstadea 
have  been  put  in  the  way  of  securing  this  supply  by  persons  interested  in  the  present 
private  water  companies,  others  interested  in  irrigation,  but  especially  by  a  small  but 
enthusiastic  group  of  nature  lovers  who  wished  to  preserve  the  valley  for  the  purposes 
of  a  national  park.  It  so  happens  that  a  part  of  the  Hetch  Hetchy  Reservoir  wiU  be 
located  on  land  now  owned  by  the  United  States  Government  and  that  some  of  this 
will  be  flooded.  Legal  obstructions  were  placed  in  the  way  but  these  were  finally 
overcome.  There  are  many  who  believe  that  the  beauties  of  the  national  park  will  in 
no  way  suffer  from  the  construction  of  the  reservoir  while  the  increased  accessibility 
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of  the  region  wiU  more  than  compensate  for  any  posaible  loss.  The  works  as  projected 
will  involve  the  construction  of  a  gravity  aqueduct  170  miles  long  with  a  first  capacity 
of  about  250,000,000  gallons  per  day  and  with  sufficient  storage  on  the  Tuolumne 
River  to  furnish  a  supply  of  160,000,000  gallons  per  day  during  the  driest  years.  The 
ultimate  capacity  of  the  work  will  be  in  the  vicinity  of  400,000,000  gallons  per  day. 
The  reservoir  will  be  located  at  the  great  altitude  of  3,800  feet,  thus  making  it  possible 
to  develop  power  along  the  route. 

SANrrATION. 

Aside  from  the  monumental  engineering  works  such  as  those  above  mentioned  the 
most  interesting  recent  developments  in  municipal  water  supplies  have  been  in  con- 
nection with  the  protection  and  improvement  in  the  quality  of  the  water.  Progress  in 
the  introduction  of  filtration  processes  and  of  the  use  of  chemical  disinfectants  has 
been  very  considerable.  Some  of  the  filters  constructed  have  been  of  great  magni- 
tude, while  the  preliminary  and  supplementary  process^  employed  have  been  of  great 
variety  and  have  often  shown  marked  ingenuity. 

QUALFTY  OP  RAW  WATBR8. 

In  choosing  water  supplies  in  the  early  days  the  sources  selected  were  those  most 
available  and  cheapest.  They  were  thought  to  be  satisfoctory  if  the  quantity  was 
sufficient  and  the  physical  chancteristics  of  the  water  reasonably  good.  Hardness 
was  one  of  the  qualities  which  received  particiilar  attention.  When,  about  a  genera- 
tion ago,  it  was  learned  that  water  supplies  contaminated  with  fecal  matter  from  human 
beiDgs  were  dangerous  to  the  public  health  greater  care  was  exercised  in  the  selection 
of  sources  and  greater  pains  taken  to  prevent  pollution.  The  watchword  of  the  day 
was  the  phrase  applied  to  water  by  Dr.  Thomas  M.  Drown,  ''Innocence  is  better  than 
repentance.''  At  that  time  the  only  processes  of  purification  related  to  the  improve- 
ment of  the  physical  character  of  the  water. 

The  next  important  event  was  the  recognition  that  bacteria,  including  pathogenic 
bacteria,  could  be  substantially  removed  by  filtration.  This  led  to  an  adoption  of  this 
process  and  made  available  many  sources  of  water  supply  which  otherwise  would  have 
been  useless.  It  also  tended  to  check  the  drift  toward  the  use  of  groimd  waters. 
More  recently  it  has  been  found  that  bacteria  could  be  destroyed  by  chemical  disin- 
fection, and  this  process  has  materially  strengthened  filtration  and  thrown  an  additional 
safeguard  around  the  use  of  purified  waters.  These  processes  have  been  of  great 
benefit  to  the  country  for  the  reason  that  many  of  our  large  cities  are  so  situated  that  to 
secure  a  supply  from  a  naturally  impoUuted  source  would  be  practically  an  impossi- 
bility. 

Meantime  studies  of  methods  of  sewage  treatment  have  shown  the  futility  of  depend- 
ing wholly  upon  such  processes  to  protect  the  quality  of  water  supplies.  Not  only 
the  dry  weather  sewage  but  the  overflows  from  the  sewers  at  times  of  storm  and  even 
the  washings  of  the  surface  of  the  ground  are  liable  to  pollute  large  water  supplies  to  a 
dangerous  degree.  It  has  become  recognized  therefore  that  it  is  unsafe  to  use  water 
from  any  miming  stream  unless  subject  to  artificial  purification  or  unless  subjected  to 
adequate  storage.  The  recognition  of  this  fact  b  leading  not  only  to  more  rational 
ideas  in  regard  to  methods  of  sewage  treatment  and  to  a  more  liberal  policy  in  regard 
to  the  use  of  streams  as  carriers  of  sewage  after  partial  treatment  but  to  the  more  general 
introduction  of  water-filtration  plants  and  to  disinfection. 

Nevertheless  it  has  also  become  recognized  that  it  is  unsafe  to  place  too  great  de- 
pendence upon  filtration,  that  is,  to  overload  water-filtration  plants.  Limits  must 
be  placed  to  the  pollution  of  streams  if  the  water  from  them  is  to  be  utilized  for  public 
water  supplies  even  though  it  is  filtered.  It  is  difficult  to  specify  what  this  limit 
should  be.  One  limit  which  has  been  suggested  is  that  proposed  by  the  commission 
of  experts  to  the  International  Joint  Commission  in  connection  with  a  study  of  the 
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pollution  of  boundaiy  waten  between  the  United  States  and  Canada.  This  waa  that 
water  should  not  be  used  even  after  filtration  if  on  an  average  through  the  year  it 
contained  more  than  5,000  bacillus  coll  per  liter.  There  are  Bome  filtration  plants 
in  the  country  which  are  attempting  to  filter  water  more  polluted  than  this. 
Thus  far  most  <A  them  have  succesetfully  accomplished  the  £eat  but  it  is  believed  that 
this  has  been  done  with  too  small  a  factcM-  oi  safety. 

The  remedy  for  this  situation  lies  either  in  the  substitution  of  an  alternate,  less 
polluted  sui^ly,  in  the  prevention  of  the  pollution  of  the  stream,  or  in  the  strengthen- 
ing of  the  purification  works.  Stream  pollution  may  be  prevented  by  the  use  of  more 
elab<»«te  works  for  sewage  treatment,  while  double  filtration  of  the  water  or  the  com- 
bination of  filtration  with  processes  of  preliminary  treatment  and  disinfection  may 
be  uaed.  No  rules  can  be  laid  down  in  regard  to  the  choice  of  one  or  the  other  of  these 
modes  of  procedure.  Local  factors  must  control.  With  methods  of  sewage  treatment 
and  water  purification  being  constantly  improved  there  seems  to  be  no  reason  to  believe 
that  our  laige  cities  can  not  be  satisfactorily  supplied  with  wholesome  water  at  rea- 
sonable cost. 

RBCOONinON  OP  THE  VALUE  OF  8TORAOB. 

Progress  has  been  made  in  another  direction,  namely,  the  fuller  recognition  of  the 
idea  that  long  storage  of  water  in  reservoirs  enhances  its  purity.  Massachusetts 
engineers  have  long  held  to  this  thec^  and  the  great  reservoirs  of  Boston  and  of  other 
cities  in  New  England  have  been  allowed  to  be  the  chief  safeguards  of  the  quality 
of  the  water,  filtration  never  having  become  generally  popular  in  New  England. 
It  was  learned  that  during  long  storage  colored  waters  became  lights  in  color  and 
experience  seemed  to  indicate  that  they  were  safe.  When,  however,  bacteriological 
studies  showed  that  the  bacillus  of  typhoid  fever  does  not  multiply  in  water  but 
rathtf  tends  to  die  on  standing,  the  scientific  foundation  for  the  benefits  of  storage 
was  laid.  When  it  was  found  also  that  temperature  is  an  important  factor  and  that 
the  typhoid  fever  bacillus  does  not  live  as  long  in  water  at  summer  temperature  as  in 
winter,  a  furUier  reason  was  given  for  the  benefits  of  storage.  It  is  because  of  the 
natural  destruction  of  bacteria  during  long  storage  that  such  cities  as  Boston  and 
New  York,  which  depend  wholly  upon  these  natural  processes,  have  been  spared  the 
great  typhoid-fever  epidemics  which  have  occurred  in  cities  supplied  by  water  taken 
directly  from  flowing  streams. 

At  the  same  time  it  has  become  recognized  that  in  order  for  storage  reservoirs  to  be 
effective  all  of  the  water  must  actually  remain  in  the  reservoir  for  a  considerable 
period  of  time  and  that  in  so  far  as  there  are  opportunities  for  the  water  to  take  a 
diort  cut  from  the  inlet  to  the  outlet  and  thus  pass  through  the  reservoir  without 
long  stOTage  there  is  danger  to  the  supply.  It  has  also  been  recognized  that  the  wind 
is  a  much  greater  factor  in  causing  currents  in  the  water  than  was  once  thought  to  be 
the  case.  It  follows  therefore  that  irregularly  shaped  reservoirs,  especially  those 
which  have  their  axes  bent  at  right  angles  and  reservoirs  which  contain  numerous 
promontories  and  islands  are  safer  than  those  which  have  a  straight  axis  and  uniform 
shores. 

SOIL  STRIFPINO  PROM   RESEBVOIR  SIDES. 

Two  somewhat  antagonistic  ideas  have  been  recently  set  forth  on  regard  to  the 
desirability  of  removing  the  soil  from  the  reservoir  sides.  It  has  been  long  known 
that  reservoirs  with  muddy  bottoms  undergo  periods  of  stagnation,  especially  in 
the  spring  and  fall,  which  cause  temporary  deteriorations  in  the  quality  of  the  water. 
To  avoid  these  conditions  and  to  further  reduce  the  algse  growths  which  oft^i 
occur  during  storage  some  engineers  favOT  the  complete  removal  of  the  organic 
matter  from  the  flooded  area.  This  practice  has  notably  been  adopted  tar  the  reser- 
voirs of  the  metrox>olitan  water  supplies  of  Boston  and  for  other  Massachusetts  sup- 
plies. It  has  generally  received  Uie  indorsement  of  the  Massachusetts  State  Board 
68436— 17— VOL  VI 8 
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of  Health.  On  the  other  hand  the  consulting  engineen  of  the  New  York  Board  of 
Water  Supply  recommended  against  the  stripping  of  the  flooded  areas  of  the  sites  of 
the  Ashokan  and  Kensico  reservoirs  on  the  ground  that  the  expenditure  of  several 
milions  of  dollars  for  this  purpose  would  not  completely  solve  the  problem  and  that 
the  same  amount  of  money  could  be  more  advantageously  applied  toward  the  filtra- 
tion of  the  water.  This  question  as  to  the  relative  merits  of  soil  stripping  and  water 
filtration  as  a  means  of  protecting  the  physical  quality  of  the  water  is  one  that  must 
be  solved  for  each  particular  case.  In  the  case  of  large  cities  which  can  well  afford 
to  construct  and  operate  filter  plants  in  a  satisfactory  manner  filtration  is  probably 
better  than  soil  stripping,  but  for  small  communities  where  the  likelihood  of  satis- 
factory filter  operation  is  less  the  policy  of  soil  stripping  is  probably  one  to  be 
commended. 

ADVANCE  IN  Fn/TRATION. 

Since  the  recognition  of  mechanical  filtration  using  chemical  coagulants  undo 
scientific  control,  which  resulted  from  the  experiments  of  Mr.  Geoige  W.  Fuller  at 
Louisville  and  Cincinnati,  the  mechanical  filter,  so  called,  has  been  steadily  improv- 
ing and  has  become  widely  used.  Sand  filtration  had  already  found  its  place  and 
this  method  also  has  improved  diuring  recent  years.  The  demand  for  lighter  colored 
waters  has  led  to  the  occasional  use  of  alum  with  sand  filters  as  well  as  with  mechan- 
ical filters  and  chemical  disinfection  has  also  been  applied  to  both  types  of  filtration. 

During  the  last  five  years  many  mechanical  filters  have  been  constructed  in  the 
United  States  and  on  the  surface  this  might  indicate  a  preference  for  this  type.  There 
are  several  reasons  for  this  development.  One  is  that  the  cities  which  have  needed 
filtration  have  water  supplies  which  are  taken  from  sources  so  turbid  that  mechanical 
filtration  is  the  process  best  adapted  to  their  purification.  Another  reason  is  that 
the  first  cost  of  mechanical  filters  is  slightly  less  than  in  the  case  of  sand  filters  and 
this  fact  has  appealed  to  many  city  governments,  even  though  the  cost  of  operating 
mechanical  filters  is  greater  than  in  the  case  of  sand  filters.  Another  reason  is  that 
mechanical  filters  have  been  promoted  by  private  filter  companies  who  have  carried 
on  an  active  propaganda  in  regard  to  the  merits  of  those  methods  which  involve  the 
use  of  patents  owned  by  them.  Nevertheless  it  seems  to  remain  true  that  sand  filters, 
as  well  as  mechanical  filters,  have  their  particular  fields.  Sand  filters  are  generally 
better  adapted  to  the  treatment  of  relatively  clear  and  colorless  waters,  while  me- 
chanical filters  are  best  adapted  to  the  purification  of  turbid  or  colored  waters,  es- 
pecially if  the  water  is  hard.  What  is  x)erhap6  of  even  greater  importance  is  that 
both  of  these  methods  have  been  shown  to  be  reliable  as  a  protection  against  water- 
borne  diseases.  Sand  filtration  in  Philadelphia,  Washington,  and  Pittsburgh  have 
satisfactorily  reduced  the  typhoid  fever  death  rates  in  those  cities  while  mechanical 
filters  in  Cincinnati  and  Columbus,  have  likewise  satisfactorily  reduced  the  typhoid 
fever  rate  and  have  otherwise  proved  satisfactory. 

WATER  SUPPLIBS  OF  THE  ORB  AT  LAKES. 

The  cities  along  the  Great  Lakes  have  a  unique  water  supply  problem  for  the  reason 
that  each  city  usually  draws  its  supply  from  the  adjoining  lake  and  likewise  dis- 
charges its  sewage  into  it.  The  opportunity  for  infection  of  the  supply  is  therefore 
limited  only  by  the  distances  apart  of  the  sewer  outlets  and  the  water-supply  intake. 
Almost  all  the  lake  cities  have  in  the  past  suffered  from  typhoid  fever  epidemics. 
Recently  most  of  them  have  resorted  to  the  chemical  disinfection  of  the  water  with 
very  beneficial  results.  Besides  this  some  cities  have  undertaken  filtration,  as  for 
example,  Erie,  Pa.,  and  Cleveland,  Ohio,  where  filter  plants  are  under  construction. 
Chicago  has  diverted  its  sewage  westward  through  its  drainage  canal,  while  Milwaukee 
at  the  present  time  is  extending  its  waterworks  intake  and  is  planning  for  sewage 
treatment.  There  seems  to  be  no  reason  why  the  principles  previously  mentioned 
are  not  applicable  to  these  lake  cities,  namely,  that  of  the  two  methods  of  procedure 
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water  filtration  is  the  better  and  cheaper  method  of  safeguarding  the  supply,  while 
sewage  treatment  should  be  used  as  an  outer  line  of  defense  to  prevent  too  great 
a  load  upon  the  water  filtration  plants. 

DlfllNPECnON. 

The  chemical  disinfection  of  vater  by  the  use  of  calcium  hypochl(nite  N^as  an  im- 
portant discovery.  More  than  any  other  recent  measure  it  has  served  to  protect 
communities  from  water-borne  disease  at  times  of  emergency  and  to  safeguard  water 
supplies  unsatisfactorily  filtered.  At  the  present  time  most  of  the  supplies  of  the  large 
cities  of  the  country  are  being  disinfected  chemically,  the  New  Englimd  supplies  as  a 
rule  being  notable  exceptions.  The  process  is  one  which  must  be  applied  \sith  care 
in  order  to  avoid  troublesome  odors  in  the  water,  while  using  chemical  enough  to 
bring  about  disinfection.  This  is  especially  true  of  colored  waters  which  contain 
large  amounts  of  organic  matter.  Liquid  chlorine  has  more  recently  come  into  use 
and  to  some  extent  is  supplanting  bleaching  powder  as  a  disinfectant.  It  has  the 
advantages  of  greater  simplicity  in  its  application  and  greater  ease  of  control,  thereby 
tending  to  prevent  overdosing  and  consequent  odors.  For  small  plants,  however, 
it  is  probably  somewhat  more  expensive  than  bleaching  powder.  Ozone  treatment 
and  other  methods  of  disinfection  are  still  in  their  experimental  stages. 

TYPHOID  FEVER. 

As  a  result  of  the  vigorous  campaign  which  has  been  waged  against  water  pollution 
and  by  the  general  introduction  of  purification  processes  the  typhoid  fever  death 
rates  of  the  cities  of  the  United  States  have  fallen  very  greatly  during  the  last  25 
years.  Ten  years  ago  cities  which  had  typhoid  fever  death  rates  as  low  as  15  and  20 
per  100,000  were  regarded  as  having  what  was  sometimes  termed  a  "normal  rate,*' 
but  to-day  these  '* normal  rates''  due  to  miscellaneous  causes  would  be  set  at  a  figure 
less  than  5  per  100,000.  Many  of  the  typhoid  death  rates  in  American  cities  are  already 
as  low  as  this  and  are  rapidly  approaching  European  standards. 

Water  filtration  must  not  be  given  entire  credit  for  this  reduction  in  typhoid  fever. 
A  part  of  it  has  been  due  to  the  recognition  and  elimination  of  other  methods  of  spread- 
ing disease  and  also  to  the  fact  that  as  typhoid  fever  cases  become  less  frequent  the 
chances  of  infection  of  water  suppUee  becomes  correspondingly  lees.  Furthermore, 
the  introduction  of  typhoid  vaccination  is  also  beginning  to  have  its  effect  in  the 
general  reduction  of  cases  of  this  disease.  After  the  Civil  War  typhoid  fever  cases 
were  scattered  widely  throughout  the  country  and  many  of  them  became  foci  for  the 
q[>read  of  the  disease.  Little  by  little  these  carriers  have  decreased  in  number  and 
that  feature  alone  has  contributed  to  the  decrease.  Nevertheless  progress  in  the 
care  of  water  supplies  must  be  reckoned  as  the  greatest  single  agency  in  the  improve- 
ment in  the  typhoid  fever  conditions  in  America. 

WATER  REFINING  PROCESSES. 

American  municipalitiee  have  been  gro\^ing  more  fastidious  in  regard  to  the  physical 
and  chemical  characteristics  of  their  water  supplies  and  various  processes  of  water 
purification  have  been  resorted  to  for  reasons  apart  from  those  relating  to  the  safety 
of  the  water.  Thus  in  some  places  filters  have  been  installed  for  the  removal  of  iron 
from  ground  waters,  water  softening  processes  have  been  introduced,  alum  is  finding 
a  greater  use  for  processes  of  decolorization,  aeration  is  used  to  remove  carbonic  acid 
and  sometimes  to  remove  odors  from  water.  Prof.  Sedgwick  has  recently  suggested 
that  these  processes  might  be  appropriately  termed  refining  processes.  Their 
adoption  is  one  which  should  depend  upon  the  ability  of  the  people  to  pay  for  them. 
It  goes  w^ithout  saying  that  the  water  supplies  of  all  cities  should  be  safe  and  whole- 
some, but  whether  cities  should  pay  for  the  softening  of  water  or  for  the  complete 
removal  of  color  or  turbidity  is  a  matter  depending  upon  local  and  financial  consider- 
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ations.  Judging  from  the  preeent  attitude  of  the  public,  however,  it  may  be  said  that 
there  is  a  decided  drift  in  i^vor  of  these  refining  processes  and  studies  by  the  writer 
published  in  his  book  "The  Value  of  Pure  Water/'  seem  to  indicate  that  the  benefit! 
to  the  people  are  usiially  worth  more  than  the  cost  of  the  processes. 

CLEAN   WATER  PAYS. 

Certain  recent  cases  have  demonstrated  that  it  pays  to  supply  a  community  with 
clean,  wholesome  water.  Private  water  companies  t,  hich  fail  to  supply  such  water 
are  usually  in  little  favor  in  the  comunity  and  their  rates  are  objected  to  often  though 
they  are  not  excessive  when  judged  from  the  standpoint  of  a  fair  return  on  the  in- 
vestment. On  the  other  hand  private  water  companies  which  supply  satisfactory 
water  are  seldom  in  disfavor  vith  the  community,  even  though  their  rates  may  be 
relatively  high.  In  short  the  people  have  been  found  willing  to  pay  generoxisly  for 
a  water  entirely  satisfactory  in  quality.  In  a  few  recent  instances  also,  the  courts 
have  held  private  water  companies  accountable  to  their  consumers  for  supplying 
infected  water. 

DISTRIBUTION    AND   SALE   OP  WATER. 

The  sale  of  water  by  measure  is  steadily  gaining  in  this  country'.  In  many  cities 
the  use  of  domestic  water  meters  has  materially  increased  and  even  where  domestic 
meters  are  not  in  full  use  a  substantial  percentage  of  the  water  sold  to  manufacturers 
in  large  quantities  is  paid  for  by  measiire.  This  result  has  been  due  to  a  groT>ing 
appreciation  of  the  fact  that  this  is  the  only  business-like  method  of  selling  water,  and 
to  the  necessity  of  reducing  waste.  In  many  cities  more  water  is  wasted  than  is  used, 
and  with  the  increasing  cost  of  t\  ater,  due  partly  to  the  need  of  purification  and  partly 
to  other  causes,  people  are  coming  to  realize  that  water  must  be  considered  as  "  a  manu- 
factured product  delivered  at  the  house*'  and  treated  like  other  manufactured  and 
delivered  products.  This  has  lead  to  a  more  critical  study  of  the  equity  of  meter  rates 
in  many  places.  The  comparisons  of  rates  in  different  cities  has  disclosed  many 
inconsistencies  and  has  sho. vn  that  the  methods  of  classifying  consumers  has  no 
scientific  basis  and  presents  no  degree  of  uniformity.  Efforts  are  no.v  being 
made  to  simplify  schedules  of  meter  rates  and  to  scientifically  adjust  them  according 
to  the  costs  of  obtaining  and  distributing  water  to  the  consumer.  A  notable  rei>ort  on 
this  subject  was  made  last  year  to  the  New  England  Water  Works  Association.  An 
elaborate  compilation  of  existing  meter  rates  has  also  been  made  by  a  committee 
of  the  American  Water  Works  Association. 

AUXILIARY  PIRE  CONNECTIONS. 

One  of  the  problems  \.hich  is  no.v  receiving  attention  is  the  need  of  controlling 
auxiliary  connections  for  fire  purposes  in  manufacturing  establishments.  On  account 
of  demands  by  insurance  companies  it  has  become  a  practice  to  provide  sprinkler  sys- 
tems vith  dual  supplies  of  water,  one  obtained  from  the  city  mains  and  the  other  from 
some  local  source  of  supply,  often  polluted,  this  latter  supply  being  made  available  by 
the  use  of  fire  pumps.  The  fire  pumps  are  required  to  be  tested  at  intervals  and  when 
this  is  done  the  pressure  is  often  carried  higher  than  the  pressure  in  the  city  mains. 
A  check  valve  somevhere  on  the  line  is  depended  upon  to  keep  the  polluted  water  from 
entering  the  city  mains,  but  experience  has  shown  that  check  valves  are  often  poOT 
in  design  and  if  their  care  is  neglected  leaks  may  occur.  Many  instances  are  on 
record  where  outbreaks  of  disease  have  followed  the  failure  of  check  valves  to  properly 
close.  At  the  preeent  time  watenN'orks  engineers  are  advising  that  these  dual  con- 
nections be  done  a-'-ay  with  on  the  ground  of  protection  to  the  public  health.  On 
the  other  hand  the  insurance  engineers  insist  that  the  double  connections  are  necessary 
in  order  to  protect  life  and  property  in  case  of  fire.  A  middle  course  appears  to  be 
the  use  of  duplicate  check-valves  of  an  approved  design  located  so  as  to  be  accessible 
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and  placed  in  charge  of  the  superintendent  of  water  works  under  instructions  to  test 
them  at  proper  intervals.  This  method  has  been  put  into  practice  in  a  number  of 
places  and  so  far  as  the  records  go  no  troubles  have  been  experienced  after  the  adoption 
of  this  plan. 

BU8TT  WATBB. 

Another  problem  of  distribution  which  has  been  receiving  attention  in  recent  years 
is  that  of  rusty  hot  water  due  to  the  corrosive  action  of  certain  waters  on  wrought  iron 
and  steel  distributing  pipes  in  the  house.  These  troubles  have  been  especially 
marked  in  cities  provided  with  soft  peaty  waters,  and  especially  where  such  waters  are 
purified  by  mechanical  filtration.  This  has  led  to  careful  studies  of  the  pipes  them- 
selves and  to  various  methods  of  reducing  the  oxygen  and  carbonic  acid  in  water  and 
to  a  control  of  the  temperature  of  the  hot-water  systems.  Thus  far  no  marked  changes 
in  practice  have  occurred,  but  these  are  pending  in  various  places. 

HiaH-PRBSSUKB  8T8TSM8. 

The  increasing  Seights  of  buildings  in  large  cities  has  given  rise  to  new  problems  in 
fire  protection  involving  the  use  of  bigher  pressures,  and  in  some  cases  requiring  sources 
of  water  independent  of  the  city  supply.  New  York  and  Philadelphia  were  among  the 
first  large  cities  to  install  high-pressure  systems,  but  at  the  present  time  these  are  found 
in  Baltimore  and  San  Francisco,  two  cities  which  suffered  greatly  from  fire  not  long 
ago,  while  works  are  being  constructed  in  Boston  and  elsewhere.  Independent  pump- 
ing stations  are  usually  established  for  this  service  and  equipped  with  pumps  capable 
of  furnishing  water  under  pressures  of  200  to  300  pounds  to  the  square  inch.  Ordinarily 
such  systems  are  separate  from  the  main  water-supply  pipes  of  the  city,  and  therefore 
the  sanitary  character  of  the  water  is  of  relatively  small  importance.  In  some  cases, 
however,  sea  water  is  used,  and  as  it  is  undesirable  to  have  the  pipes  remain  full  of  salt 
water,  on  account  of  the  danger  of  corrosion,  arrangements  are  made  for  keeping  them 
full  of  city  water  when  not  in  use. 

WATER  ooNsmcmoN. 

The  besetting  sin  of  American  water  takers  continues  to  be  the  waste  of  water.  As 
previously  stated ,  the  waste  is  in  some  cases  larger  than  the  amount  used ,  and  often  the 
waste  exceeds  the  use  by  50  per  cent.  Water  consumptions  of  less  than  50  gallons  per 
capita  daily  are  the  exception  and  not  the  rule.  In  some  extreme  cases  the  consump- 
tions  are  more  than  300  gallons  per  capita  daily.  Both  of  these  figures  are  yearly 
averages.  This  waste  is  due  not  so  much  to  underground  leakage  as  to  ^ulty  plumbing 
and  careless  use.  In  some  cases  theft  has  contributed  to  the  loss  of  water  from  the  city 
pipes.  Here  and  there  drastic  measures  have  been  undertaken  to  check  this  waste, 
and  sometimes  these  measures  have  been  successful.  Water  surveys  have  been  c<m* 
ducted  in  New  York  and  Washington  which  yielded  practical  results  in  cutting  down 
the  consumption.  For  the  most  part,  however,  these  efforts  have  been  of  temporary 
benefit.  It  is  only  by  the  adoption  of  the  meter  system  that  permanent  results  can  be 
secured. 

BFFICIBKOT. 

From  time  to  time  certain  catch  phrases  are  taken  up  and  used  as  watchwords. 
Within  recent  years  we  have  talked  much  about  "conservation"  and  about  "el&- 
dency.''  Hackneyed  as  these  words  have  become  and  misused  as  they  have  been, 
they  have  nevertheless  been  of  influence  and  have  brought  about  reforms  by  water- 
works superintendents  and  members  of  water  boards,  as  well  as  by  the  rest  of  the 
community. 

CONSBKVATION. 

The  efforts  to  use  sources  of  water  supply  somewhat  polluted,  but  with  adequate 
filtration,  have  been  entirely  c(»npatible  ^th  the  idea  of  conservation.   As  far  as  safety 
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of  the  water  is  concerned,  land  may  be  used  for  farming,  for  purposes  of  public  paries, 
for  water  power,  for  irrigation  and  the  like,  as  well  as  for  public  water  supplies.  This 
course  would  not  be  a  reasonable  one  if  sanitary  science  had  not  shown  that  it  was 
perfectly  safe  and  economical  to  purify  water  artificially  and  render  it  safe  and  whole- 
some. It  was  fear  that  land  could  not  be  safely  put  to  this  dual  use  that  lead  the ' '  nature 
lovers  "  to  object  to  the  Hetch-Hetchy  project  for  San  Francisco,  but  the  writer  believes 
that  the  i>06Ltion  of  the  Federal  Government  to  allow  the  city  to  flood  a  small  part  of  the 
national  park  lands  was  wholly  in  the  line  of  wise  conservation  of  natural  resources. 
On  the  other  hand,  there  are  obvious  advantages  in  taking  a  water  supply  from  an 
uninhabited  area  and  often  the  ownership  of  the  whole  or  a  part  of  the  catchment 
area  is  justified. 

Again,  the  campaign  against  water  waste  is  another  example  of  a  policy  influenced 
by  the  idea  of  conservation. 

BFFICIENOT. 

Along  the  lines  of  increased  efficiency  the  most  conspicuous  development  has  been 
that  of  standardization.  In  recent  years  we  have  seen  a  general  adoption  of  standard 
specifications  for  cast-iron  pipes  and  for  various  devices  used  in  waterworks  systems, 
for  standard  hose  couplings  and  various  connections  used  in  fire  protection,  for  stand- 
ard methods  of  chemical  and  bacteriological  analysis  of  water,  and  for  standard  methods 
of  reporting  statistics  of  various  kinds.  All  of  these  standardizations  are  in  the  line  of 
efficient  operation. 

Another  movement  in  the  same  direction  is  that  of  employing  trained  executives  for 
the  management  of  water  departments  as  well  as  for  other  city  departments.  Many  of 
the  water  works  superintendents  in  the  country  have  been  self-educated  men.  They 
have  done  faithful  work  and  given  excellent  satisfaction,  yet  it  is  believed  that  in  the 
course  of  time  such  positions  will  gradually  become  filled  by  men  especially  trained 
for  the  work .  Already  it  has  been  f oimd  that  the  operation  of  filtration  plants  requires 
expert  guidance.  It  is  coming  to  be  realized  that  the  water  works  business  is  a 
speciality.  Consulting  engineers  are  called  upon  more  frequently  for  advice  than 
was  the  case  a  generation  ago.  The  engineering  schools  aro  also  realizing  this  drift 
towards  expert  service  and  are  arranging  courses  of  study  so  as  to  provide  for  the 
demand  for  trained  municipal  officers  that  is  likely  to  come  in  the  near  futuro. 

PRBPARBDNB88. 

While  the  watchwords  of  the  last  few  years  have  been  ''conservation''  and  ''effi- 
ciency," the  watchword  of  the  present  hour  is  "preparedness."  Although  this  word 
was  used  originally  in  connection  with  military  matters  its  application  has  already 
broadened .  People  aro  beginning  to  realize  that  if  our  nation  really  needs  to  proparo 
itself  for  the  emergency  of  war  it  must  do  so  in  many  differont  directions.  If  the  idea 
of  proparodness  is  to  be  taken  seriously  waterworks  officials  in  common  with  all  others 
concerned  in  public  utilities  will  need  to  ask  themselves  whether  the  works  in  their 
charge  would  be  able  to  stand  the  strain  of  war.  It  is  a  question  which,  let  us  hope, 
does  not  need  an  immediate  answer. 

For  a  dozen  years  American  sanitary  engineers  have  been  told  that  the  reason  for 
Germany's  surprising  development  of  ground  water  supplies  in  situations  whero  such 
supplies  seemed  anomalous  was  due  to  the  enforcement  of  a  definite  military  policy 
emanating  from  Berlin.  American  engineering  teachers  have  often  i>ointed  out  to 
their  students  the  interesting  example  of  the  water  supply  of  Gibraltar,  so  admirably 
concealed  and  protected  from  the  enemy.  They  have  not  however  given  any  consid- 
eration to  this  matter  at  home.  Nevertheless  it  is  one  item  in  a  general  scheme  of  pre- 
paredness which,  along  with  many  other  lines  of  sanitation,  would  have  to  be  hi^ly 
developed  if  the  country  believes  that  it  should  prepare  itself  to  withstand  foreign 
invasion.  It  has  already  become  obvious,  however,  that  for  the  country  to  enter  upon 
a  policy  of  preparedness,  civil  as  well  as  military,  would  involve  enormous  ezpendi- 
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tures.  Whatever  w e  may  think  about  military  preparedness  there  can  be  no  question 
about  the  wisdom  of  improving  the  administration  of  our  city  governments,  water 
departments  included,  and  all  must  admit  that  preparedness  without  conservation 
and  efficiency  would  be  no  preparedness  at  all. 

But  it  is  not  so  much  against  war  that  water  supplies  need  to  be  prepared.  They 
should  be  able  to  wiUistand  other  emergencies  less  serious  but  fai  more  likely  to  occur, 
such  emergencies  as  hurricanes,  floods,  droughts,  conflagrations,  earthquakes—to  men- 
tion some  cf  the  more  conspicuous  calamities  of  nature.  Waterworks  engineers  are  in 
the  habit  of  providing  against  minor  emeigencies  and  in  the  aggregate  these  count  for 
more  than  the  serious  accidents  which  seldom  happen.  But  just  as  great  conflagra- 
tions result  in  better  every-day  protection  against  fire,  and  just  as  great  typhoid  fever 
epidemics  cause  better  every-day  protection  against  disease,  so  the  lessons  learned 
from  the  study  of  preparedness  will  yield  results  which  will  be  of  benefit  in  times  of 
peace. 

Table  I. — Sources  of  water  supply  of  United  States  cities  which  had  populations  greater 
than  100,000 J  according  to  United  States  census  of  1910. 


City. 


Population 
In  mo. 


Sooioeofsapply. 


New  York.  N.Y.... 

Chicago.  HI 

Philadelphia,  Pa.... 

St.  Loids,  Mo 

Boston,  Mass 

Cleveland,  Ohio 

BaMmore,  Md. 

Pittsburs^  Pa. 

Detroit,  IfiGh 

BnflWo.N.Y 

San  Frandsqo,  Cal. . 
MUwankeeyWIs..... 
Cincinnati,  Ohio.... 

Newark.  N.  7 

New  Orleans,  La.... 
Washington,  D.C... 

Los  An^»les,  Cal 

IflnneapoUs,  Minn. . 
Jersey  City, N.  J.... 
Kansas  City,  Kans. . 

Seattle,  Wadi 

IndianapoUs,  Ind . . . 
FrovidMioeij^  I.... 

LoaisyU]e,Ky 

Bocbester;  n:  Y 

St.Panl,Minn 

DenYer,Colo 

Cohimbas,  Ohio .... 

Toledo,  Ohio 

Atlanta,  Qa 

Oakland,  CaL 

Worcester^^Mass 

Syracuse,  K.  Y 

New  Haven,  Conn. . . 
jKnninchani,  Ala... 

Memphis,  Tenn 

Scranton,  Pa 

TUchmoiMl,  Va 

Pateraon,  N.  7 

Omaha,  Nehr 

Dayton,  Ohio 

Oiand  Rapids,  MUOi 
Nashville.  Tenn.. . . . 

LowelL  luss 

Oambndge,  Mass. . . . 

Spokane,  wash. 

radgeport.  Conn. . . 
Alhany/N.Y 


4,786,888 

2,186,283 

1,549,008 

887,029 

670,585 

580,683 
558,485 
533,906 
486,786 
423,715 
416,912 
373,857 
383,591 
847,489 
339,075 
331,060 
319,198 
301,408 
267,779 
248,381 
237,194 
233,850 
224,328 
223,928 
218,149 
214,744 
213,381 
181,511 
168,497 
154,839 
150,174 
145,986 
137,249 
183,806 
132,686 
181,106 
129,867 
127,628 
125,600 
124,098 
116,577 
112,571 
110,384 
106,294 
104,839 
104,402 
102,064 
100,253 


Imponnding  reservoirs,  Croton  and  Oatskill  systems. 

Lake  Mii^hipm, 

Delaware  and  SdinylkiU  Rivers;  filtered. 

Mississippi  River;  ffltered. 

Impounalng  reservoirs;  Wadrasett,  Sndbnry  and  Cochi- 

toate  systems. 
Lake  Erie;  filters  mider  constmetion. 
Storage  reservoirs;  filtered. 
Allegheny  River;  filtered. 
Detroit  Kiver. 
Niagara  River. 

Gronnd  water  and  storage  reservoirs. 
Lake  Michigan. 
Ohio  River,  filtered. 
Impomiding  reservoirs. 
Mississipi^River,  filtered. 
Potomac  River,  filtered. 
Impounding  reservoirs. 
Mississippi  lUver,  filtered. 
Impomiding  reservoirs. 
Missouri  River,  filtered. 
Cedar  River  and  Cedar  Lake. 
White  River,  filtered,  and  wells. 
Pawtuxet  River;  filtered. 
Ohio  River;  filtered. 
Hemlock  Lake. 
Natural  lakes. 

Impounding  reservoirs;  filtered. 
Scioto  River;  filtered. 
Maomee  River;  filtered. 
River,  filtered. 
Lake,  stream  and  wells. 
Impounding  reservoirs. 
Lake  Skaneateles. 
Lakes  and  rivers,  filters. 
Rivers,  filtered. 
Wells, 

Impounding  reservoirs. 
James  River,  settling  basbis. 
Passaic  River,  filtered. 
Missouri  River,  coagulation. 
Wells. 

Grand  River  JUtered. 
Cumberland  River,  filters. 
Wells,  filters. 
Stony  brook.  Fresh  Pond. 
Wells. 

Impounding  reservoirs. 
Hudson  River,  filtered. 
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RESERVOIRS  FOR  MUNICIPAL  WATER  SUPPLY. 

By  ALFRED  D.  FLINN, 
Deputy  Chief  Engineer^  Board  of  Water  Supply  of  the  City  of  New  York, 

0LAB8B8  OF  RB8BBVOIRS. 

Municipal  water  mpplies  provide  for  household,  industrial,  and  public  uses  ti 
water.  In  some  places,  though  comparatively  few,  power  development,,  irrigation, 
or  improvement  of  navigation  has  been  combined  with  the  usual  functions.  Reser- 
voirs for  mimicipal  water  supply  have  many  features  in  common  with  reservoirs  for 
irrigation,  stream  regulation,  or  power  development,  but,  especially  when  considerod 
as  a  class,  differ  in  numerous  particulars.  They  may  be  classified  as  diverting,  col- 
lecting, equalizing,  and  distributing  reservoirs;  but  many  a  reservoir  unites  two  or 
more  of  these  functions  and  serves  besides  as  a  place  of  storage.  Thus  the  surplus 
waters  of  wet  seasons  or  years  are  conserved  for  use  in  dry  periods,  or  provision  is 
made  against  interruption  in  the  operation  of  pumping  stations  or  conduits  and  for 
meeting  sudden  demands  arising  from  fire  or  other  exceptional  causes. 

The  kind  of  reservoir  used  in  any  case  depends  upon  local  topography  and  geology, 
upon  available  sources  of  water,  and  upon  the  size  and  character  of  the  community. 
Where  a  large  river  or  lake  can  be  utilized,  a  supply  of  water  is  commonly  obtained 
by  pumping,  and  reservoirs  are  needed  solely  for  equalizing  and  distributing.  In 
many  regions  wells  are  the  only  feasible  or  the  best  source  of  supply,  and  reservoirs, 
if  any,  are  in  such  cases  equalizing  or  distributing.  For  communities  situated  on  flat, 
low-lying  sites  or  for  small  communities,  standpipes  or  elevated  tanks  of  wood,  steel, 
or  reinforced  concrete  are  frequently  used  instead  of  reservoirs.  In  hilly  country  with 
many  streams  mimicipal  water  supplies  are  commonly  obtained  by  diverting  or 
impounding  one  or  more  streams. 

INFLUENCES  OF  QEOLOOT. 

In  any  region  the  feasibility  of  a  reservoir  project  is  determined  by  the  geology,  as 
affecting  the  existence  of  possible  and  economical  dam  sites  and  the  water-tightness  of 
natural  basins  which  might  be  utilized  as  reservoirs.  Geology  also  has  an  important 
bearing  upon  the  materials  of  construction — sand,  gravel,  and  stone  for  masonry  and 
earth  for  embankments— both  as  to  their  existence  and  as  to  their  suitability  for  the 
purposes  intended.  Geology  may  determine  not  only  the  feasibility  of  a  project,  but 
also  the  type  of  construction  to  be  adopted.  In  some  localities  natural  basins  topo- 
graphically suitable  are  so  pervious  that  they  can  not  be  used,  while  in  others  a 
stratum  of  clay  or  of  dense,  unmodified  facial  drift,  or  a  sound  rock  formation  with 
seams  well  filled,  insures  water-tightness  even  with  great  artificial  depths  of  water. 

A  natiural  basin  proposed  for  use  as  a  reservoir  should  be  carefully  examined  before 
any  expenditure  is  made  for  construction,  in  order  to  determine  whether  it  wiU  hold 
water  to  the  depth  proposed.  Not  only  should  the  general  character  of  the  basin  be 
proven  satisfactory,  but  painstaking  search  should  be  made  for  pervious  strata  of  rock 
<Mr  earth  which  are  exposed  in  the  basin  in  such  a  way  as  to  provide  easy  passages  for 
water  to  places  downstream  from  the  dam  site  or  into  anotiier  valley.  For  a  large 
reservoir  the  opposite  sides  of  the  hills  boimding  the  proposed  site  should  also  be 
examined  for  pervious  strata  which  mi^t  extend  through  the  hills  so  as  to  tap  the 
basin.  Exposures  in  railroad  and  highway  excavations  may  aid  this  investigation. 
Pervious  strata,  if  found,  may  show  the  futility  of  attempting  to  use  the  site.  It  may 
prove  feasible,  however,  at  moderate  cost  to  cover  or  intercept  the  pervious  strata  so 
as  to  prevent  loss  of  water  throu^  them. 

Neglect  of  investigation  of  the  water-tightness  of  proposed  reservoirs  has  resulted 
in  failure  in  a  few  cases  and  large  expenditures  in  other  cases  to  overcome  difficulties 
developed  when  attempts  were  made  to  use  the  reservoirs.    For  example,  one  laige 
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storage  and  distributing  reservoir  proved  00  generally  pervious,  because  of  its  situa- 
tion in  a  glacial  outwish  formation,  that  it  could  never  be  used.  A  laige  impounding^ 
reservoir  developed  during  its  first  filling  a  leak  which  soon  increased  to  several 
hundred  cubic  feet  per  second.  This  leak  took  place  through  a  porous  stratum  in 
one  of  the  bounding  hills  and  inundated  a  small  town  in  the  adjacent  valley  by  the 
slow,  steady  rise  of  the  water.  Remedies  proposed  for  this  latter  case  included  a 
cut-off  wall  extending  down  through  the  porous  stratum  to  rock  formation,  a  water- 
tight blanket  over  the  porous  exposure  in  the  reservoir,  the  clogging  of  the  porous 
stratum  by  passing  through  it  water  carrying  in  suspension  a  heavy  burden  of  silt 
and  fine  sand,  and  a  paving  of  concrete. 

Dam  sites  also  must  be  thoroughly  explored.  For  many  reservoirs  more  than  one 
location  for  the  dam  appears  feasible  from  a  topographical  survey;  but  geological 
examination  not  infrequently  leads  to  surprises  either  by  showing  the  absence  of 
rock  when  surface  formation  suggested  its  convenient  situation  or  by  discovering 
troublesome  porous  strata.  Sometimes  these  disclosures  have  forced  abandoument 
of  sites  which  superficially  looked  most  promising  or  have  dictated  a  different  design 
from  that  first  assumed.  It  is  well  at  the  deginning  of  an  exploration  to  develop 
th^  possibilities  in  a  general  way  by  a  broad  attack,  using  a  single  line  of  drill  holes 
transverse  to  the  valley  or  goige  at  each  location  that  seems  worth  while,  and  one, 
or  possibly  two,  lines  of  holes  along  the  valley.  The  holes  in  these  preliminary  lines 
may  be  widely  spaced  or  simply  placed  at  spots  which  topographical  or  general 
geological  indications  suggest  as  critical. 

Having  selected,  by  the  aid  of  this  preliminary  boring,  the  apparently  most  feasible 
location,  the  ground  should  be  explored  thoroughly  in  detail.  For  an  Important 
dam — especially  if  the  earth  be  deep — the  drilling  should  be  conducted  so  as  to  deter- 
mine not  merely  the  depth  to  rock  at  numerous  points,  but  also  the  general 
configuration  of  the  rock  surface,  the  character  of  the  overbiuxien,  the  kind 
and  formation  of  rock  at  some  depth,  the  nature  of  the  contacts,  if  more  than  one  rock 
formation  be  discovered,  the  existence  of  porous  strata  in  the  earth  or  open  seams  in 
the  rock  and  the  presence  or  absence  of  water  in  quantity.  Such  drilling  should 
be  done  under  very  intelligent  engineering  supervision,  all  occurrences  should  be 
observed,  all  cores  of  the  rock  and  other  samples  should  be  fully  labeled  and  pre- 
served, and  complete,  clear,  and  accurate  notes  kept.  All  this  information  should 
be  made  available  to  the  designer  and  the  constructor  and  should  be  kept  at  least 
until  the  completion  of  the  work  and  final  settlement  of  the  contract,  if  the  work  be 
done  by  contract. 

In  such  explorations  of  reservoir  and  dam  sites  or  aqueduct  locations,  a  geologist 
familiar  with  the  regional  and  local  geology  and  of  a  practical  turn  of  mind,  can 
render  valuable  assistance  to  the  engineer.  Indeed,  the  services  of  a  good  geologist 
are  almost  indispensable,  for  he  can  not  only  give  advice  as  to  the  placing  of  drill 
holes  as  the  drilling  progresses  and  interpret  the  results  as  obtained  so  as  to  gain  the 
maximum  of  information,  but  he  can  in  many  instances  prevent  much  useless  drilling. 
The  geologist  should  be  consulted  at  the  very  outset  of  the  project  and  as  the  excava- 
tion progresses  should  be  given  opportunity  to  verify  or  correct  his  predictions  in 
detail.  Furthermore,  he  can  be  of  valuable  assistance  in  some  cases  in  the  selection 
of  sand  and  stone  for  concrete  or  other  masonry,  or  of  earthy  materials  for  embankments. 

Wash  IxvingB  for  such  explorations  as  have  been  discussed  above  have  by  oft- 
repeated  experience  been  proven  worse  than  useless,  except  as  preliminary  to  core 
Ixning.  A  wash  boring  is  so  easily  stopped  by  some  resistant  object  other  than  bed- 
rock— often  a  very  small  one — ^that  the  method  can  be  relied  upon  simply  to  prove - 
tiiat  readily  penetrable  materials  exist  to  the  depths  bored  and  to  obtain  samples 
of  the  materials  pierced.  "Dry''  samples  should  always  be  used  in  preference  to 
"wet"  where  accurate  determinations  of  the  character  of  the  materials  are  needed. 
In  cote  driUing  both  diamond  and  shot  machines  are  useful,  although  each  kind  has. 
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limitatioiis.  Percentage  of  core  obtained  and  other  indications  of  the  texture  of  the 
rock  pierced  are  much  affected  by  speed  and  care  of  operating  the  drill  and  the  size 
of  bit  used.  A  small  bit,  carelessly  run,  frequently  gives  results  that  are  interpreted 
as  indicating  a  much  softer  or  more  broken  rock  than  really  exists,  while  with  a  large 
bit  skillfully  operated,  a  laige  proportion  of  core  can  be  gotten  even  from  weak  rock, 
thus^  yielding  much  additional  geological  detail  in  a  difficult  situation.  On  recent 
large  work  cores  as  large  as  3  to  6  inches  in  diameter  were  found  necessary  and  with  a 
shot  drill  were  obtained  economically.  C<n'ee  much  smaller  than  1  inch  in  diameter 
are  rarely  satisfactory. 

Tests  of  water-tightness  of  reservoir  sites  may  be  made  at  some  suspected  places, 
on  a  small  scale,  by  building  small  embanknfents  and  flooding  the  area  to  as  great 
depth  as  may  be  feasible,  or  by  pumping  into  drill  holes.  In  the  latter  method  the 
casings  are  left  in  the  holes  and  so  arranged  as  to  admit  water  to  the  stratum  or  strata 
to  be  tested .  The  quantity  of  water  forced  into  the  hole  and  the  pressure  are  observed ; 
simultaneously  observations  are  made  in  other  drill  holes  and  at  exposures,  if  any,  of 
the  tested  strata  in  hill  slopes  or  excavations. 

Of  course  the  thoroughness  of  the  examination  of  a  proposed  reservoir  or  dam  site 
should  be  controlled  by  the  size  and  importance  of  the  undertaking.  It  is  well  to 
bear  in  mind,  however,  in  these  and  other  preliminary  investigations  that  com- 
munities with  limited  resources,  as  well  as  those  of  larger  wealth,  can  ill  afford  to  take 
chances  in  the  construction  of  reservoirs  and  aqueducts  in  which  geology  inherently 
plays  an  important  part. 

RB8SRV0IR  CAPACmr. 

The  capacity  of  the  reservoir  will  be  determined  partly  by  storage  requirements, 
partly  by  the  nature  of  the  source  of  supply,  partly  by  the  land  of  waterworks,  and 
partly  by  the  character  of  the  mimidpality.  For  supplies  derived  from  impounded 
streams  the  area  of  the  watershed  or  catchment  basin,  stream  flow,  evaporation,  and 
the  availability  of  suitable  reservoir  sites  set  limits  to  capacity.  The  relation  of 
impounding  reservoir  capacity  to  watershed  area  is  commonly  expressed  in  millions 
of  gallons  of  storage  per  square  mile.  Table  I  gives  a  number  of  examples  in  different 
parts  of  the  United  States.  Permiasible  ratios  will  depend  upon  the  productivity 
of  the  watershed  as  determined  by  rainfall  and  other  meteorological  conditions,  to- 
gether with  the  topography  and  geology  of  the  area. 

Predictions  as  to  productivity  of  a  watershed  to  be  successful  must  be  based  upon 
long-time  records  of  carefully  made  observations  of  rainfall,  stream  flow,  and  other 
conditions  which  may  affect  the  collection  and  storage  of  water.  Rarely  do  such 
records  exist  for  a  recently  settled  country  or  for  a  watershed  which  has  not  been 
developed.  Consequently  in  studying  a  new  project  an  engineer  must  collect  data 
recorded  for  the  most  nearly  similar  watersheds.  Ten  years  or  even  20  can  not  be 
assumed  as  sufficiently  lengthy  periods  for  safe  guidance.  For  example,  the  average 
annual  natural  flow  of  Croton  River,  N.  Y.,  for  the  18  years  from  1869  to  1886,  inclu- 
sive, from  a  watershed  of  375  square  miles,  was  127,000,000,000  gallons;  for  the  next 
18  years,  from  1887  to  1904,  inclusive,  165,000,000,000  gallons,  and  for  the  37  years, 
from  1868  to  1904,  inclusive,  148,000,000,000  gallons.  The  average  annual  flow  from 
1887  to  1904  was  30  per  cent  greater  than  that  from  1869  to  1886.  A  great  deal  of 
attention  has  been  given  to  this  fundamental  matter  by  hydraulic  engineers,  and 
Government  aid  has  been  enlisted  in  making  hydrographic  surveys,  maintaining 
rain  and  stream  gages,  preparing  maps,  and  publishing  the  data  collected  so  as  to 
make  them  accessible  to  all  engineers.  Much  skill,  experience,  and  judgment  are 
requisite  for  the  practical  application  of  such  information  in  the  construction  of  water- 
works. Experience  and  computations  in  the  northeastern  United  States  have  shown 
that  only  small  storage  is  necessary  to  obtain  200,000  to  300,000  gallons  daily  per 
square  mile;  but  for  larger  supplies,  say  800,000  to  1,000,000  gallons  daily,  large  storage 
is  required  for  absolute  safety  in  dry  years,  little  of  this  storage  behig  utilized  in 
ordinary  years. 
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Tablb  I. —Capacity  of  impoimding  reservoir$  per  square  mile  ofwatenhed. 


Place. 

Walenhed. 

Area 

Total 
oapadty 

(in  mil. 

iSoosof 
gaDooa). 

Capadty 

P«r 
sqtiare 
mile  (in 

213 
884 

112 
04 
277 
618 
70 

16 
230 

■ 
Remarks. 

Sudbory 

76 
118 

4 

7 

876 

267 

314 

1,790 
836 

10,000 
03,000 

448 

449 

104,000 

132;  000 

22,000 

20,800 
192,100 

Intended  for  storing  also  some 
water  firom  other  watersheds 
infatnre. 

Do'. 

Wadiuseit.'. 

Pmixutm.  ••••••«•• 

48iiiaUwatet8heds 
CrotoQi 

Pittsfleld,  IfasB 

Do 

KewTork,  N.Y 

Complete  development. 

One  mwrvnir  tm  Minh  WAter- 

Do 

Eeopos. 

Do 

Schohaile 

Deaver.Colo 

8fta  FiBO0l800,CaL.. 

Cheeseman 

Spring  VallerCa; 

all    sarfaoe 

souroea. 

tershed.     Ashokan    Reser^ 
voir,  oo  Esqpus  Creek,  at 
head  of  CatsfiUl  Aqueduct, 
having  naturally   large  oa> 
padty,  was  desired  to  store 
much  of  the  water  of  Soho- 
harle  Creek. 

ment. 

>  Individual  reservoirs  of  the  Croton  system  range  from  117,000,000  to  420,000,000  galloas  of  storage  per 
square  mile  of  the  portions  of  the  watershed  immedUttely  tributaiy  to  them.  Area  of  watershed  formerly 
given  as  300  square  miles;  corrected  by  department  of  water  supply,  gas  and  electricity  in  1910.  Estimated 
average  safe  yield  of  Croton  system  in  a  series  of  very  drv  years  is  100,000,000  gallons  daily.  CatskiU  Aque- 
duct &8  been  built  to  have  a  sure  average  capacity  of  600,000,000  gallons  daify. 

Note. — ^Annual  rainfall  on  these  watersheds  diners  widely,  as  indicated  by  the 
following  table: 


Watershed. 

Period  of 
time. 

Ifinimnm. 

Iff-rimnm 

Average. 

Ywn. 
40 
18 
47 
9 
89 
01 

Iftekes.     1     Jneket. 
32.8  )            67.9 

37.8  i            66.7 

30.9  1            03.8 
39.7  1            60.1 

8.6              28.0 
9.8               S8.8 

Jneket. 
44.8 

fK^ett:;;;///.'///.".'.'.*.:*.'.'.:'/.;!:!!:*.;;;;:;;:;::::;; 

46.4 

Cntaa 

48.7 

ESODUS. 

40.0 

Cheeseman^ 

14.8 

*sn  Frandsoo. 

22.0 

A  general  rule  is  that  above,  say,  500,000  or  600,000  gallons  daily  per  square  mile, 
each  additional  100,000  gallons  requires  much  more  additional  storage  than  the  pre- 
ceding 100,000  gallons,  and  a  point  exists  beyond  which,  unless  storage  can  be  ob- 
tained at  remarkably  low  cost,  it  is  not  warranted  by  economics  to  attempt  to  utilize 
the  water.  This  rule  applies  to  Northeastern  United  States  and  regions  of  similar 
climate  and  topography. 

A  choice  sometimes  has  to  be  made  between  one  large  and  several  small  impounding 
reservoirs.  Even  if  a  number  of  small  reservoirs  give  an  economy  in  first  cost  over 
one  large  reservoir,  they  are  not  advisable  for  the  following  reasons:  (1)  Small  and 
dudlow  reservoirs  are  easily  affected  by  organic  growths,  producing  undesirable  tastes 
and  odors.  (2)  They  are  sensitive  to  the  influence  of  vegetation,  swampy  areas,  etc. 
(3)  Water  passes  through  too  quickly,  giving  no  time  for  sterilizing  action.  Most 
pathogenic  bacteria  will  die  after  2  to  4  weeks  in  a  large  storage  reservoir.  (4)  With 
a  large,  deep  reservoir  water  can  be  drawn  from  the  surfoce,  bottom,  or  intermediate 
depths,  thus  securing  good  water  from  one  of  these  levels,  when  others  are  unsatis- 
factory. (5)  The  quality  of  the  water  is  improved  by  sedimentation  and  bleaching. 
(6)  The  greater  depths  of  a  large  reservoir,  and  the  greater  exposure  to  the  wind,  tend 
to  prevent  growths  of  objectionable  organisms.    On  the  other  hand,  the  quality  may 
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be  injured  if  the  reservoir  is  so  large  as  to  be  filled  only  at  times  of  excessively  heavy 
run-off.    During  dry  spells,  injurious  substances  are  liable  to  collect  on  the  margins. 

Another  element  in  determining  the  capacity  of  impounding  reservoirs  is  the  length 
of  time  the  water  may  remain  at  a  low  level.  If  a  reservoir  be  severely  depleted 
during  a  series  of  unusually  dry  years,  two  or  more  years  may  pass  before  it  will  fill 
again.  During  this  period  rank  weeds,  grass,  and  even  bushes  will  grow  on  the  margins 
below  hig^-water  level .  Before  the  water  rises  this  vegetation  must  be  cut  and  burned 
or  removed,  often  at  great  expense,  or  the  quality  of  the  water  subsequently  stored 
will  be  deteriorated.  Furthermore,  during  a  period  of  great  depletion,  reservoirs 
become  unsightly  and  otherwise  offensive,  and  the  more  so  if  their  bottoms  and  shores 
were  not  thorou^ly  cleared  at  the  time  of  construction.  Some  of  the  effects  of  deple- 
tion are  not  so  serious  if  the  water  is  treated  before  distribution.  When  a  source  of 
supply  is  being  taxed  to  its  economical  limit  or  a  little  beyond,  great  depletion  may 
be  unavoidable.  Some  engineers  believe  that  an  impounding  reservoir  should  not 
be  so  depleted  that  its  water  surface  will  remain  continuously  below  the  high-water 
level  for  a  longer  period  than  two  years. 

The  actual  quantity  stored  by  a  reservoir  is  in  some  geolc^cal  formations  appre- 
ciably greater  than  tiiie  apparent  capacity  of  the  basin.  This  additional  capacity 
has  been  called  the  invisible  storage.  It  is  the  water  contained  in  the  interstices  (^ 
the  ground  forming  the  reservoir  sides  and  slowly  yielded  as  the  reservoir  is  drawn 
down, 

DAMS. 

Dams  may  be  of  timber,  earth,  rock-fiU,  or  masonry.  Timber  dams  have  of  recent 
years  seldom  been  built  for  waterworks,  except  for  temporary  purposes  or  to  divert 
email  streams;  they  are  limited  to  low  heights,  are  subject  to  decay,  and  are  insecure. 

Earth  dams  (frequently  called  dikes)  are  sometimes  built  without  cores  if  suitably 
impervious  earth  is  abundant,  if  the  height  is  not  excessive,  and  if  the  cross-section 
can  be  of  liberal  dimensions.  Cores  are,  however,  usually  provided  and  carried  to 
the  normal  high-water  level  or  a  few  feet  above.  They  are  of  timber,  occasionally, 
sometimes  of  fine-grained  top  soil,  sometimes  of  puddle,  which  is  preferred  by  some 
engineers  in  western  United  States  and  £iux)pe,  but  much  more  commonly  of  masonry, 
especially  in  the  eastern  United  States.  Rubble  masonry  in  mortar,  with  one  or 
both  faces  plastered,  was  the  customary  material  20  years  or  more  ago,  but  Portland 
cement  concrete  has  come  into  general  use.  Such  core  walls  are  given  top  widths 
of  3  to  6  feet,  with  batters  on  both  sides  of  1  in  20  to  1  in  10,  although  some  engineen 
prefer  steps  to  batters  for  diminishing  the  thickness  from  the  bottom  to  top.  Cores 
should  be  started  from  a  tight  contact  with  the  underlying  rock,  or  from  a  trench  in 
dense,  firm  earth,  such  as  unmodified  glacial  drift,  often  known  as  hardpan. 

Timber  or  steel  sheet  pile  cut-offs  sometimes  make  feasible  the  placing  of  a  dam  on 
a  site  where  the  depth  of  sand  or  other  pervious  earth,  or  the  quantity  of  ground  water 
makes  excavation  for  a  core-wall  foundation  impracticable  or  prohibitive  in  cost 
Hollow  reinforced  concrete  core-walls  have  been  suggested  recently,  to  consist  of 
two  thin  walls  separated  by  struts  of  reinforced  concrete,  the  space  between  serving 
as  an  inspection  gallery  and  a  drain  for  seepage  passing  the  upstream  portion  of  the 
dam. 

Earth  dams  should  have  top  widths  of  not  less  than  10  feet—greater  for  important 
dams.  Slopes  should  not  be  steeper  than  1  on  1)  upstream  and  1  on  2  downstream. 
High  dams  should  have  berms  at  vertical  intervals  not  exceeding  30  feet  to  increase 
stability  and  provide  drainage  for  surface  water  on  the  downstream*Bide,  also  for  con- 
venience in  cutting  and  removing  grass.  Downstream  slopes  are  commonly  grassed 
to  prevent  rain  erosion;  occasionally  mesembryanthemum  (ice  plant)  is  used  instead 
of  grass  in  the  Southwest.  Sometimes  gravel  or  stone  riprap  is  placed  on  the  down- 
stream slope  and  a  few  dams  in  the  semiarid  region  have  their  earth  slopes  kept  free 
of  all  vegetation  in  order  the  better  to  discourage  or  detect  the  attacks  of  rodents. 
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Slopes  on  the  water  side  below  a  level  a  few  (commonly  5  to  10)  feet  vertically  above 
high-water  level  are  usually  paved  with  stone  or  concrete.  High  dams  frequently 
have  their  upper  portions  paved  and  the  lower  riprapped,  as  a  measure  of  economy 
instead  of  paving  the  whole  slope.  Paving  should  not  be  so  tight  that  water  held 
behind  it  can  not  escape  very  rapidly  when  the  water  surface  in  the  reservoir  dropi 
suddenly,  as  occurs  during  severe  windstorms  causing  high  waves.  Sometimes 
riprap  is  used  for  the  whole  slope  and  has  successfully  been  of  small  stones  where  the 
slopes  are  1  on  3,  or  flatter.  It  has  been  observed  in  several  cases  where  comparison 
was  possible  that  inexpensive  riprap  of  small  stones  on  moderate  slopes  suffered  little 
or  no  damage  from  ice  action  year  after  year  while  well  laid  and  more  expensive 
jMtving  would  need  repairs  each  spring.  Above  the  paving  or  riprap,  the  upstream 
slope  also  is  usually  grassed,  as  is  the  top  of  the  dam.  Not  infrequently  one  of  the 
relocated  highways  around  a  reservoir  is  placed  on  the  top  of  the  dam. 

Unless  an  earth  dam  be  wholly  of  impervious  material,  at  least  a  portion  of  greater 
or  less  width  upstream  from  the  core  is  made  of  impervious  earth.  Materials  for  both 
sides  of  the  core  should  be  carefully  selected  so  as  to  be  free  from  large  stones  or  an 
excessive  quantity  of  small  stones  and  perishable  or  unstable  material.  Not  even 
small  stones  should  be  permitted  to  collect  in  nests.  It  is  common  practice  to  spread 
the  earth  in  thin  horizontal  layers,  breaking  up  the  lumps,  moistening,  if  necessary, 
and  compacting  thoroughly  by  means  of  heavy  rollers  or  by  the  trampling  of  animals. 
Upstream  layers  are  often  given  a  thickness,  after  rolling,  of  about  4  inches,  and 
those  downstream  from  the  core  are  made  about  6  inches,  in  careful  work.  In  very 
thick  dams  the  downstream  material,  beyond  a  certain  limit,  is  sometimes  placed 
in  layers  2  feet  or  more  deep.  Masonry  core-walls  may  be  built  to  full  height,  or  other 
convenient  elevation,  in  advance  of  the  earthwork,  but  the  earthwork  should  be  so 
conducted  as  to  have  only  a  few.  feet  difference  in  level  on  opposite  sides  of  the  core- 
wall.  Accompanying  illustrations  show  cross-sections  of  several  typical  earth  dams, 
as  well  as  one  or  two  of  special  construction.  The  layer  of  stones,  near  the  downstream 
face,  in  the  Ashokan  dikes  was  designed  to  increase  the  stability  of  the  embankment, 
dispose  of  the  laige  quantity  of  stones  culled  from  the  earth  used  in  the  embankment, 
and  to  provide  subsurface  drainage. 

The  hydraulic-fill  method  has  been  used  for  a  number  of  waterworks  dams,  mostly 
n  the  West,  at  sites  where  water  under  head  was  to  be  had  for  excavating  with  jets 
and  for  sluicing,  and  where  suitable  earthy  materials  were  conveniently  situated 
with  respect  to  the  dam  site.  Some  dams  of  great  height  have  been  built  by  this 
method,  besides  many  low  ones.  Methods,  principles  and  equipment  for  construct- 
ing this  type  of  dam  are  discussed  and  numerous  dams  described  in  ''Recent  Prac- 
tice in  Hydraulic-Fill  Dam  Construction,"  by  J^unes  D.  Schuyler,  Transactions, 
American  Society  of  Civil  Engineers,  Vol.  LVIII,  1906.  Several  dams  have  been 
built  partly  of  rock-fill  and  partly  of  earth  placed  by  the  hydraulic  method. 

Rock-fill  dams  are  useful  chiefly  at  sites  where  suitable  earth  is  not  obtainable 
and  where  the  cost  of  masonry  is  prohibitive,  but  where  rock  is  abundant  and  so 
situated  that  by  skillful  blasting,  laige  quantities  can  be  thrown  into  the  position 
required  for  the  dam.  Rock-fill  dams  are  iisually  made  tight  by  means  of  a  facing 
on  the  upstream  side,  or  sometimes  by  a  diaphragm  built  in  the  heart  of  the  dam. 
For  the  facing  or  diaphragm  wood,  concrete  and  steel  have  been  used.  Such  dams 
have  been  built  chiefly  in  mountainous  regions  of  the  far  western  United  States, 
although  there  are  one  or  more  examples  in  the  northeastern  part  of  the  country. 
In  some  cases  portions  of  rock-fill  dams  have  been  laid  by  hand  as  rubble  masonry. 

Masonry  dams  have  developed  more  changes  in  design  and  methods  of  construction 
than  any  other  class.  Masonry  of  various  kinds  has  for  centuries  been  used  for  im- 
portant dams,  large  and  small,  where  suitable  foimdations  on  rock  could  be  secured. 
There  are  many  varieties  of  masonry  dams,  but  they  may  be  grouped  into  three  classes — 
solid  gravity  dams,  arched  dams,  and  hollow  reinforced  concrete  dams.  A  niunber  of 
illustrative  recent  examples  are  given  in  one  of  the  line  cuts. 
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Masonry  dams  of  moderate  height  can  be  built  on  earth  foxmdations,  but  a  different 
type  of  design  is  required  and  special  precautions  must  be  carefully  observed.  In 
general,  masonry  dams  should  be  built  only  where  rock  foundations  can  be  had. 
Foundations  should  be  prepared  by  removing  all  unsoimd  and  loose  rock  and  stop- 
ping seams  below  to  some  depth,  if  any,  by  a  cut-off  wall  and  grouting. 

Of  the  chief  types  there  have  been  many  modifications.  Gravity  dams  have  been 
curved  in  plan  and  the  gravity  and  arch  principle  have  been  combined  in  the  same 
structure  more  than  once.  In  cross-sections  of  gravity  dams  variations  have  been 
numerous  and  wide.  Conditions  of  the  site,  materials,  climate,  methods  of  con* 
struction  and  the  designer's  conception  of  the  theory  of  stability  all  have  contributed 
to  this  variety.  Of  recent  years,  however,  the  triangular  cross-section  has  become 
the  standard,  modified  at  top,  of  course,  to  provide  suitable  thickness  for  practical 
construction,  to  resist  ice  thrust  or  to  accommodate  a  highway.  In  very  high  dams 
the  lower  part  of  the  cross-section  is  also  frequently  modified  to  gain  thickness.  These 
departures  from  the  simple  triangle  have  led  to  curves  or  steps  in  the  profile  in  many 
cases.  The  designing  of  masonry  dams  is  too  laige  a  subject  to  attempt  its  discussion 
in  tMs  paper.  In  brief,  it  may  be  stated  that  so  many  masonry  dams  have  been 
built,  under  so  many  different  conditions,  that  a  designer  can  find  one  or  more  prece- 
dents as  a  help  in  b^inning  the  design  for  almost  any  case  that  can  arise. 

Rubble  masonry  was  almost  universally  the  bulk  material  for  masonry  dams  until 
15  or  20  years  ago,  when  advance  in  the  production  of  Portland  cement,  causing 
great  reduction  in  price,  and  improvement  in  concrete  machinery  and  methods, 
led  to  the  general  adoption  of  concrete  and  cyclopean  masonry.  Formerly  the  masonry 
was  carried  up  simultaneously  from  end  to  end  of  the  dam  with  but  few  feet  differ* 
ence  in  elevation  permitted  either  in  length  or  width,  excepting,  possibly,  a  gap 
for  passing  the  stream  or  for  transportation  purposes  during  the  construction  period. 
Quite  an  opposite  method  of  construction  has  been  pursued  for  the  large  dams  of 
the  new  Catskill  Mountain  water  supply  for  New  York  City,  as  is  indicated  in  one 
of  the  views  illustrating  this  paper.  This  change  of  practice  arose  from  new  features 
in  design,  and  constructors  were  quick  to  take  advantage  of  the  resulting  convenience 
and  economy  in  their  operations. 

All  large  masonry  structures,  especially  those  of  Portland  cement  concrete  or  cyclo- 
pean masonry,  are  subject  to  cracking  due  to  changes  of  temperature  and  moisture. 
To  control  this  unavoidable  tendency  to  crack,  Olive  Bridge  and  Kensico  dams 
were  divided  from  bottom  to  top  by  vertical  contraction  or  expansion  joints;  in 
Olive  Bridge  Dam  they  are  approximately  85  feet  apart,  and  in  Kensico  Dam  79 
feet.  These  joints  are  interrupted  by  vertical  tongues  and  grooves  in  the  masonry, 
as  shown  in  one  of  the  views.  In  Kensico  Dam  a  further  water  stop  at  each  joint 
has  been  provided  in  the  form  of  a  strip  of  sheet  copper,  A  "ich  thick,  7  inches  wide, 
extending  continuously  from  bottom  to  top,  gripped  along  each  of  its  edges  by  the 
masonry  on  opposite  sides  of  the  joint,  but  free  to  move  at  its  middle  with  the  slight 
I>eriodic  movements  of  the  masonry. 

Precast,  dense  concrete  blocks  have  been  used  for  one  or  both  faces  of  a  number 
of  recent  cyclopean  and  concrete  dams.  Such  blocks  were  used  also  for  one  face  of 
each  contraction  joint  in  Olive  Bridge  and  Kensico  dams.  They  have  been  cast 
sometimes  in  wooden  and  sometimes  in  steel  molds.  In  order  to  seciu'e  a  smooth, 
dense  surface  for  the  &ice  to  be  exposed,  it  has  been  found  desirable  to  cast  it  against 
a  steel  plate  at  the  bottom  of  the  mold.  The  blocks  should  be  made  of  very  dense 
concrete  and  cured  two  or  three  months  at  least  before  being  set  in  the  dam.  When 
such  blocks  are  used  for  facing  they  are  built  one  or  two  courses  in  advance  of  the 
heart  masonry  and  render  forms  imnecessary  on  the  dam. 

Another  comparatively  recent  feature  of  design  in  masonry  dams  is  the  introduction 
of  drainage  systems  near  the  upstream  face  to  intercept  seepage.  Even  when  built 
under  careful  supervision,  large  masses  of  masonry  are  certain  to  contain  some  places 
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Kenslco  Dam:  Methods  of  construction  of  main  mass  of  masonry  and  the  division  of  the  dam 
by  contraction-expansion  joints.  The  use  of  pre-cast  concrete  blocks  for  one  face  of  each 
joint  and  for  the  upstream  face  of  the  dam  and  the  grooves  m  the  joints  to  interrupt  direct 
passage  for  water  through  the  dam  are  also  shown. 
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Ashokan  Reservoir:  Deep  cut-off  trench  for  01i\'e  Bridge  Dam  in  horizontally  bedded  sandstone 
(bluestone),  excavated  by  channelling  machines. 
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Reinforced  concrete  diversion  dam,  showing  overfall  section,  g;ate  chamber,  and  type  of  construction. 


Wachusett  Dam  of  Metropolitan  Waterworks,  Boston,  Mass.,  showing  architectural  and  landscape 
treatment.  Waste  weir  In  foreground  is  450  feet  long.  Main  dam  Is  850  feet  long  on  top  and  has  a 
maximum  height  of  230  feet. 
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Ashokan  Reservoir:  CatterpiUar  tractor  used  for  palling  trees  and  stumps  In  the  process 
of  clearing  and  grubbing  the  reservoir  slopes  and  bottom. 
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pervious  to  water  under  pressure.  Such  seepage  finding  its  way  to  the  downstream 
face  of  the  dam  is  disfiguring  and,  especially  in  climates  having  cold  winters,  forms 
points  of  attack  upon  the  masonry. 

Famham  Dam,  of  the  Pittsfield,  Mass.,  water  supply,  was  built  of  substantially 
the  same  design  as  the  Olive  Bri^  Dam,  but  being  much  smaller,  was  completed 
earlier,  although  started  subsequently.  This  reservoir  was  first  filled  in  the  winter 
of  1912-13  and  recent  reports  state  that  it  is  quite  satisfactory— expansion  joints, 
drainage  sjnrtem,  and  concrete-block  focing  performing  their  functions  as  expected. 
In  the  Famham  Dam  the  drainage  system  consists  of  tile  pipes  with  open  joints. 
The  expanskm  joints,  like  those  in  Kensico  Dam,  had  a  continuous  copper  strip  across 
each  one  from  top  to  bottom.  In  Olive  Bridge  and  Keuico  Dams  lean  concrete 
blocks  having  16-inch  diameter  passages  through  them  were  built  up  to  form  each 
drain.  These  drains  extend  from  a  combined  drainage  and  inspection  gallery  run- 
mng  longitudinally  in  the  dam  near  its  bottom  to  an  iospection  gallery  in  the  top, 
and  are  spaced  about  16  feet  apart.  (October,  1916— Olive  Bridge  Dam  has  had  sub- 
stantially full  depth  of  water  against  it  since  February,  1915,  and  Kensico  Dam  since 
April  1,  1916.  Hitherto  both  have  shown  excellent  results  of  the  drainage  system 
and  expansion- joint  type  of  construction.) 

ABCHED  DAMS. 

Arched  masonry  dams  are  more  used  in  the  Rocky  Mountain  and  Pacific  coast  re- 
gions than  in  the  East,  because  in  the  former  sections  of  the  cotmtry  gedogical  for- 
mations more  generally  provide  reservoir  sites  with  narrow  rock-walled  gorges  at 
their  outlets.  Some  very  thin  dams  of  this  type  have  been  built  and  thus  far  have 
apparently  proved  successful.  Several  thecnies  and  methods  of  computation  for 
their  design  have  been  proposed  and  used.  Some  of  the  highest  dams  in  the  world 
are  of  this  type.  A  recent  development  is  the  constant-angle  arch  dam.  For  this 
design  there  are  claimed  ''economy  of  material  and  ability  of  the  dam  to  act  as 
an  arch  even  close  to  the  foundation  to  a  much  greater  extent  than  the  ordinary 
arch  dam.  It  is  understood  that  the  canyon  is  wider  at  the  top  than  at  the  bottom, 
which  is  generally  the  case.  It  is  shown  that  any  arch  slice  closing  the  gap  between 
two  abutments  must  subtend  an  angle  of  about  120^  for  greatest  economy  of  material. 
The  constant-angle  arch  dam  is  designed  to  comply  with  this  law  as  closely  as  pos- 
sible at  any  elevation  from  crest  to  foundation." 

HOLLOW   MASONRY  DAMS. 

A  hollow,  reinforced  concrete  dam  consists  essentially  of  a  deck  and  its  supporting 
piers  or  walls,  with  horizontal  struts  between  the  piers.  The  deck  has  a  flat  slope 
upstream  so  that  the  weight  of  the  superincumbent  water  counts  against  overturning. 
Thus  sliding,  odlapsing,  or  disintegration  are  the  kinds  ci  failure  most  to  be  guarded 
against.  For  overMl  dams  or  waste  weirs,  aprons  are  provided.  If  rock  foundations 
can  not  be  secinred  for  the  piers,  supporting  slabs  of  concrete  on  earth  foundations 
may  be  used,  but  in  such  cases,  of  course,  sufficient  precautions  must  be  taken  against 
undermimng  by  water  finding  its  way  beneath  the  dam.  All  parts  of  dams  of  this 
type  are  very  thin,  which  fact  has  deterred  some  conservative  engineers  from 
adopting  them  for  high  dams  or  for  situations  where  failure  would  be  disastrous.  All 
Portland  cements  seem  to  be  slightly  soluble,  some  more  so  than  others,  and  all  con- 
crete is  permeable  to  water  under  pressure,  at  least  in  some  parts.  Therefore,  it  is 
apprehended  that  this  combination  of  solubility  and  permeability  in  such  thin  mem- 
ben  may  in  some  instances,  in  the  course  of  years,  and,  perchance,  imexpectedly, 
lead  to  weakening  beyond  the  safe  limit.  Nevertheless  there  are  cases  in  which 
this  tjrpe  of  dam  is  to  be  preferred  to  others  and  large  numbers  have  been  built 
Some  have  been  standing  15  to  20  years.    Two  examples  of  small  dams  are  shown. 
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MiaCBLLANBOlTB  NOTES  ABOUT  DAMS. 

Liberal  height  above  normal  high-water  level  is  important  in  all  Idnds  of  non- 
overflow  dams.  This  not  only  contributes  to  stability,  especially  against  unusual 
floods  and  ice  thrust,  but  makes  possible  temporary  additional  storage  by  use  of 
flaahboards  on  waste  weirs  and  prevents  loss  of  water  by  waves  in  high  winds.  For 
earth  dams,  height  above  high- water  level,  slopes  and  top  width  should  be  considered 
together  and  so  chosen  as  to  produce  a  sufficient  thicknesB  at  and  below  high-^ater 
level. 

For  reducing  seepage  through  high  masonry  dams  or  beneath  them  selected  clayey 
or  olher  fine-grained  eiurth  has  in  some  cases  been  placed  against  the  upstream  face. 
It  is  placed  as  refilling  in  the  excavation  and  as  embankment  to  a  greater  or  less  height 
above  the  reservoir  bottom.  This  selected  earth  may  be  used  for  only  a  thickness 
of  10  feet  from  the  masonry  or  it  may  constitute  a  Iwger  part  or  the  whole  of  such 
refilling  and  embankment  as  is  used  on  the  upstream  side  of  the  dam.  In  some 
instances  it  has  been  deposited  in  thin  layers  (3  to  6  inches)  and  has  been  thoroughly 
compacted  by  rolling  or  ramming,  and  in  other  instances  it  has  been  deposited  care- 
fully through  deep  water.  In  one  case,  at  least,  a  large  part  of  the  fine  earth  em- 
baidanent  was  deposited  from  scows  after  the  dam  had  been  finished  and  the  reservoir 
filled  with  water. 

That  earthquakes  can  be  successfully  withstood  by  well-built  earth  and  masonry 
dams  was  proven  by  experience  in  the  vicinity  of  San  Francisco  during  the  great 
earthquake  of  April,  1966.  Beveral  important  dams  were  parallel  and  close  to  the 
biult  line,  including  the  large  Crystal  Springs  masomy  dam,  and  at  least  one  large 
earth  dam  was  traversed  by  the  fault  transversely.  All  these  dams  passed  through 
the  ordeal  without  injury  that  affected  their  usefulness  in  any  degree. 

Some  important  masonry  dams  near  large  communities  have  been  embellished  by 
architectural  design  of  those  portions  exposed  to  view.  Recent  conspicuous  cases 
are  the  Wachusett  and  Kensico  Dams.  In  both  instances  architects  of  high  standing 
were  engaged  to  cooperate  with  the  engineers  in  designing  and  constructing  the  dam. 
Pictures  are  reproduced  to  show  examples  of  what  has  been  done  along  these  lines 

OVBEVAIL  DAHS  AMD  WASTE  WBIRS. 

Overfall  dams  are  used  in  waterworks  for  diverting  a  small  supi^y  from  a  laige 
stream  and  for  waste  weirs.  Waste  weirs  for  impounding  reservoirs  are  usually  given 
great  length  of  crest  so  that  waters  of  an  exoeadve  flood  can  be  discharged  with  but 
a  small  rise  of  the  water  surface  in  the  reservoir  above  the  normal  high-water  level. 
Wherever  feasible,  it  isr^arded  as  good  practice  to  |^ce  the  waste  weir  and  the  spill- 
way diamiel  leading  therefrom  at  some  distance  from  the  main  dam,  but  in  many 
caseea  portion  ofthe  main  dam  has  been  made  the  waste  weir.  A  waste  weir  may  have 
a  vertical  or  battered  upstream  face,  and  it  nay  or  may  not  be  backed  by  a  paved 
earth  embankment.  There  are  two  distinct  types  of  profile  for  tiie  downstream  face, 
the  ogee  and  'ttie  stepped,  and  some  weirs  combine  the  ogee  in  their  upper  parts  with 
steps  below.  For  large  reeervotrs,  in  order  to  secure  desiired  length  of  crest  within 
limits  for  economical  construction  set  by  conditions  of  the  she,  waste  weira  are  seme- 
times  btdlt  on  curved  or  broken  lines.  A  few  examples  shown  in  the  ilhistratxms 
win  indicate  the  range  of  American  practice. 

Sudbury  Dam,  of  the  Boston  metropolitan  waterworks,  is  an  earth  embankment, 
but,  owing  to  conditions  at  the  site,  the  waste  weir  could  most  economically  be 
constructed  near  the  middle  of  the  length  of  the  dam,  as  a  masonry  overfall  dam, 
SOO  feet  long,  with  a  maximum  height  of  about  65  feet  above  the  surface  Of  &e  ground. 
It  has  an  ogee  profile  and  is  of  rubble  masonry  faced  with  cut  granite.  The  water 
faSs  into  a  large  basin,  1he  bottom  of  which  consists  prindpelly  of  the  exposed  ledge 
rock,  and  flows  away  in  the  improved  brook  channel  to  the  next  reservmr  down- 
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stream.  This  waste  weir,  like  others  on  the  Sudbury  watershed,  was  computed  to 
have  sufficient  capacity  to  discharge  a  runoff  in  24  hours  of  6  inches  in  depth  from 
the  watershed  of  the  reservoir  without  raising  the  level  of  the  reservoir  more  than 
a  f*jw  feet. 

For  the  Wachusett  Heservoir  the  waste  weir  was  located  adjacent  to  one  end  of  the 
nudn  dam  where  advantage  could  be  taken  of  a  feasible  site  for  a  spillway  channel 
in  the  granite  rock  leading  into  the  river  bed  800  feet  downstream  from  the  main  dam. 
This  waste  weir  is  of  granite  block  masonry,  450  feet  long,  and  designed  to  discharge 
a  runoff  of  8  inches  from  the  watershed  without  raising  the  level  of  (lie  reservoir  more 
than  7  feet  above  normal  hig^-water,  or,  a  runoff  of  5  watershed  Inches  with  a  rise  of 
5  feet.  For  the  Ashokan  Reservoir  the  waste  weir  and  spillway  were  located  about 
2}  miles,  measured  along  the  shore  of  the  reservoir,  from  the  nearer  end  of  the  main 
dam  (the  Olive  Bridge  Dam),  but  at  the  low  end  of  the  chain  of  earth  dikes.  This 
waste  weir  is  of  concrete,  with  a  crest  950  feet  long  on  a  broken  line.  The  spillway 
channel  along  the  toe  of  the  weir  and  for  a  short  distance  beyond  has  a  heavy  pavement 
of  concrete  and  rubble  masonry.  From  the  end  of  the  paved  channel  a  natural  de- 
pression in  the  hiUside  is  utilized,  which  leads  to  a  stream  that  enters  the  main  channel 
of  Eeopus  Creek  about  3  miles  below  Olive  Bridge  Dam.  This  waste  weir  and  spill- 
way were  designed  to  dischaige  safely  8  watershed  inches,  or  approximately  50, 000 
cubic  feet  per  second.  With  this  quantity  flowing  the  head  on  the  weir  would  be 
5  feet. 

In  connection  with  the  New  York  State  Baige  Canal,  now  approaching  completion,  a 
new  type  of  automatic  weir  crest  and  automatic  siphon  waste  weir  were  devised. 
These  are  applicable  also  to  waterworks  reservoirs  in  some  places.  The  siphon  spill- 
way (patented)  is  a  closed  conduit  of  an  inverted  U  shape,  extending  through  a  dam 
(where  a  fall  is  available),  which  utilizes  the  siphonic  principle  to  induce  a  hig^ 
velocity  of  flow.  Action  is  automatic  and  the  flow  is  comparable  to  that  through  a 
submerged  sluice  gate,  with  a  velocity  from  60  to  80  per  cent,  of  the  theoretical  velocity 
due  to  the  head.  The  upstream  leg  is  sufficiently  long  to  bring  the  inlet  well  below 
the  water  surface  so  as  to  avoid  the  entrance  of  driftwood  and  floating  ice.  The  down- 
stream leg  is  made  as  long  as  practicable  in  order  to  take  advantage  of  all  the  head 
available.  Action  is  controlled  by  an  air  vent  which  pierces  the  upstream  wall  at 
low-water  level.  A  fluctuation  of  water  surface  of  3  inches  to  1  foot,  depending  on 
size  of  siphon,  is  necessary  to  start  and  to  stop  the  flow.  Two  of  the  line  cuts  show 
the  designs. 

IMPROVINO  RKSBRVOIR  BASINS. 

Most  impounding  reservoir  sites  embrace  smaller  or  larger  wooded  areas,  some  swamps, 
and  in  the  older  portions  of  the  country,  some  tilled  lands  and  buildiogs.  Before 
water  can  be  stored  for  domestic  use,  the  basins  must  be  freed  from  all  or  a  large  part 
of  the  organic  matter  which  might  impair  the  quality  of  water.  Engineers  and  sani- 
tarians differ  in  opinion  and  practice  as  to  the  extent  to  which  this  cleaning  of  the 
basin  should  be  carried,  and  in  the  subsequent  treatment  of  the  water.  It  is  diffi- 
cult to  make  direct  comparisons,  for  hardly  any  two  cases  are  quite  alike.  Wachusett 
reservoir  is  a  good  example  of  the  most  thorough  degree  of  basin  improvement.  Here, 
not  only  were  all  trees,  bushes  and  buildings  removed  or  burned,  but  all  roots  larger 
than  one-half  inch  diameter  were  grubbed  out  to  a  depth  of  8  inches,  and  the  top-soil 
excavated,  carried  out  of  the  basin  and  used  for  building  the  large  earth  dikes  of  the 
reservoir  and  embankments  for  relocated  highways.  Bodies  were  removed  from  all 
cemeteries.  Soil-stripping  was  of  such  depth  as  to  remove  all  earth  containing  more 
than  4  per  cent  of  organic  matter,  except  in  a  few  deep,  wet  deposits  which  were 
covered  with  inorganic  earth  to  depths  of  1  or  2  feet.  Water  drawn  from  this  reservoir 
is  not  filtered  nor  otherwise  treated.  Such  complete  preparation  of  the  reservoir's 
slopes  and  bottom  is  expensive,  but  is  justified  in  some  cases. 
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A  fairly  typical  example  ol  a  lfi«er»  but  good  measiue  ol  xeaervgir  preparattvn, 
wluch  ia  sufficient  in  many  coaefl»  is  found  in  the  Aahokan  iwervoir.  On  this  site  all 
trees»  bushes  and  vines  were  cut  and  vemoved  or  burned;  buildings  were  demolished 
and  the  materials  removed  or  burned;  soil  poUuM  by  human  or  animal  excreta  was 
vemovedy  incmesated  or  ehemioaUy  disinlscted;  bodies  were  removed  from  all  cem^ 
tfries;  sawdust,  leaves  and  other  oiganic  rubbish  were  removed  or  burned;  tall 
grass  and  weeds  were  cut  and  burned;  swamps  were  improved  by  dminage  and  by  bunir 
iogi  after  having  been  partiaUy  drained  and  dried;  and  between  elevations  5  feet  ver- 
tically above  and  15  feet  below  high-water  level,  stumps  were  removed  and  rooU  greater 
than  2  inches  diameter  were  grubbed  out  to  a  depth  of  at  least  6  inches.  In  clearing, 
where  g^!ubbing  was  not  done,  the  stumps  were  cut  close  to  the  ground.  In  connec- 
tion with  the  grubbing,  caterpOlar  tmction  engines  were  used  successfully  and  econom- 
icatty  for  pulling  stumps  with  the  aid  of  i-inch  steel  wire  lopes.  One  end  of  the  rope 
wtm  wra^pped  two  or  three  times  around  the  tree  or  stump,  a  broad  hook  engaging 
the  running  portion  of  the  rope.  Liberal  dack  was  left  in  the  rope  between  the  stump 
and  the  caterpillar  so  that  the  latter  was  travelling  at  good  speed  and  brought  a  sudden, 
strong  pull  on  Uie  stump  whui  the  rope  was  stretched.  Belore  this  resvvoir  was  put 
into  service  each  of  its  two  basins  was  partially  filled  with  water  which  was  allowed 
to  stand  for  several  months  and  was  then  wasted,  thus  removing  large  quantities  of 
soluble  organic  matter. 

As  to  the  ultimate  benefits  of  complete  stripping  of  reservoir  sites,  there  has  been 
much  discussion  which  so  far  has  at  least  resulted  in  the  collection  and  anlyses  of 
many  data  from  the  relatively  few  reservoirs  for  which  sufficient  records  have  been 
kept  to  make  such  a  study  possible.  There  ia  still  room  for  differences  in  opinion 
and  exercise  of  judgment. 

UMNOLOGY. 

**  Limnology  is  the  science  ol  lakes  and  ponds  and  treats  of  their  geology,  geography, 
physics^  chemistry  and  biology,  and  the  mutual  relati<ms of  these  fsatttres.' '  Although 
some  of  these  items  have  received  attention  from  waterworks  engineen  and  sanir 
tsxiaBs  heretofbre,  their  collection  into  one  body  oi  knowledge  as  a  science  with  a 
dtitingnishiTig  name  is  comparatively  recent.  AceumttlatieQ  <^  data  from  careful 
obesi  rations  under  a  wide  variety  of  conditions  is  much  to  be  dedred.  Knowledge  of 
these  subjects  has  an  important  bearing  on  the  quality  of  water  as  affected  by  storage 
in  reservoirs  and  its  subsequent  treatment  by  filtration  or  other  processes. 

WATBR8HBD  LANDS  AND  BKfiERVOIR  MARGINS. 

In  the  control  of  the  watevdiked  tributary  to  a  reservoir  used  for  municipal  water 
supply  the  improvement  and  preservation  of  the  quality  of  the  water  is  of  first  im- 
portance. For  a  small  supply  the  whole  watershed  should  be  owned  by  the  com- 
munity, if  this  be  feasible,  and  should  be  kept  free  from  population  and  from  all 
uses  which  would  pollute  the  water.  Where  complete  ownership  is  not  practicable 
the  municipality  should  own  as  wide  a  maigin  of  land  salt  can  afford  along  the  import- 
ant feeder  streams  at  least  t<a  some  distance  from  the  reservoir.  This  partial  ownw- 
■hip  should  be  supplemented  by  sanitary  rules  and  regulations  legally  establiihed 
and  enforced  by  faithful,  intelligent  and  diplomatic  patroling.  More  can  be  really 
aeeomplished  by  cultivating  the  eoopeiation  than  oveceomuig  by  litigation  or  teee 
the  opposition  of  the  inhabitants  d  the  watershed.  Expenses  for  the  sanitary  better- 
ment of  the  water  supply  should  be  borne  cheerfully  by  the  community  benefited. 
Satisfactory  results  along  some  lines  will  be  secured  only  by  the  performance  of  cer- 
tain acts  directly  by  the  water-supply  authorities;  such  as  the  construction  and  ope- 
ration of  small  local  sewage  and  garbage  disposal  plants;  building  and  improving  of 
privies  and  ce8q>oo]s  in  accordance  with  approved  sanitary  practice;  and  the  collect- 
ing, emptying,  disinfecting  and  replacing  of  receptacles  from  pan  closets. 
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Forestation  of  watersheds  and  reservoir  margins  is  beneficial  in  several  ways;  one 
is  that  it  minimizes  pollution  of  the  water.  Evergreen  trees  are  to  be  preferred, 
especially  near  the  reservoirs  and  along  the  principal  streams.  Arbor  vitae  makes  a 
good  screen  when  planted  near  the  diore  line,  closely  spaced .  Leaves  from  deciduous 
trees  blowing  into  the  water  may  not  only  affect  its  quality  unpleasantly  as  they 
decay,  but  clog  the  streams  at  the  entrances  to  the  conduits  or  get  into  the  supply 
system,  and  besides  furnish  food  for  undesirable  organisms  in  the  reservoir. 

Haw  clay  banks  sometimes  exist  along  the  margin  of  a  reservoir  or  the  banks  of  its 
tributary  streams,  contributing  objectionable  turbidity.  It  is  often  possible  to  cor- 
rect this  trouble,  at  least  in  part,  by  riprapping  or  by  planting  willows  or  other  plants 
with  strong,  spreading  roots,  by  constructing  local  settling  basins,  or  by  diverting  the 
rain  wash,  which  continually  cuts  the  clay  and  keeps  its  sur&ce  raw. 

Areas  along  the  diores  of  a  reservoir  which  would  be  covered  with  only  a  shallow 
depth  of  water  when  the  reservoir  is  full  or  nearly  so  should  be  either  filled  with  earth 
to  a  level  above  high  water  or  excavated  to  a  depth  of  several  feet,  so  as  to  prevent 
the  growth  of  aquatic  plants.  Generally  the  correction  of  shallow  flowage  can  be 
effected  most  economically  by  an  approximate  balancing  of  the  excavating  and 
fining. 

REVIEW. 

Although  the  art  of  reservoir  construction  is  many  centuries  old,  the  past  quarter- 
century  has  witnessed  some  notable  advances  in  details  of  practice.  Increased 
knowledge  of  meteorology  and  hydrography  makes  possible  more  accurate  estimates 
of  the  productivity  of  a  watershed,  and  therefore  the  economic  capacity  of  impounding 
reservoirs  can  be  more  intelligently  determined.  Limnology  is  showing  more  cleariy 
the  effects  of  storage  upon  quality  of  water.  There  has  been  an  increased  appreciation 
of  the  value  of  exploratory  borings  and  geologic  advice  in  selecting  sites  for  reservoirs 
and  their  dams  and  the  materiids  of  construction.  Reduction  in  cost  of  Portland 
cement  and  improvement  in  mechanical  devices  have  led  to  extensive  use  of  concrete; 
this  in  turn  has  developed  numerous  changes  in  details  of  design  of  structures  and  a 
few  radical  departures,  as  in  the  reinforced  concrete  dam.  Introduction  of  contraction 
joints  and  drainage  systems  into  gravity  masonry  dams  has  reduced  cracking  and 
seepage.  Innovations  have  been  made  in  designing  arched  masonry  dams.  In  earth 
dams  the  principal  advance  has  been  the  development  of  the  hydraulic-fill  method 
of  construction.  Greater  care  is  being  exwcised  in  the  sanitary  control  of  reservoirs 
and  watersheds. 
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Volume,  by  Leonnd  Metcalf,  T.A.S.C.E.,  vol.  4a,  p.  37;  1900. 

Adjoununeiit* 
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SESSION  OP  SUBSECTION  5  OP  SECTION  V. 

Ralbiqh  HoteLi 
Tuesday  afternoon,  December  £8,  1916. 

Chairman,  Cabl  C.  Thomas. 

The  session  was  called  to  order  at  2.30  o'clock  by  the  chairman. 

The  Chatrman.  It  is  my  very  great  pleasure,  in  the  name  of  the 
officers  of  the  Second  Pan  American  Congress,  to  extend  a  very 
hearty  welcome  to  the  men  who  have  taken  the  long  journey  from 
their  respective  countries  in  order  to  come  to  the  United  States  to 
attend  these  meetings. 

We  have,  of  course,  a  great  many  problems  in  common  with  those 
of  other  coxmtries  in  this  hemisphere.  One  of  the  great  objects  of 
this  meeting  is  to  bring  together  men  who  can  discuss  not  only  these 
mutual  problems  but  the  individual  problems  of  the  various  countries 
which  are  perhaps  not  applicable  to  others.  We  shall  thus  become 
better  acquainted  with  each  other,  and  the  advantage  should  be 
very  great.  It  is  not  a  matter  merely  of  commercial  advantage,  I 
take  it,  but  a  matter  also  of  friendly  interest,  which  is  the  thing 
perhaps  most  worth  while  in  these  relations. 

The  first  business  b^for  this  meeting  is  the  appointment  of  a  com- 
mittee upon  resolutions.  These  resolutions  should  cover,  first, 
things  which  it  is  proposed  should  be  done;  and,  second,  suggestions 
of  topics  which  should  be  taken  up  at  future  meetings  of  this  Pan 
American  Scientific  Congress. 

Mr.  Mbtz.  I  make  a  motion  to  the  effect  that  the  chair  be  in* 
structed  to  appoint  such  a  committee  of  three. 

Mr.  Adams.  I  will  second  the  motion,  Mr.  Chairman. 

The  motion  was  duly  carried. 

The  Chaibhan.  I  shall  now  caU  for  the  reading  of  the  paper  on 
"Elconomy  of  steam  power  plants,"  by  William  Kent. 


ECONOMY  OF  STEAM  POWER  PLANTS. 

By  WILLIAM  KENT, 
CamuUing  Engineer ^  Montdair,  New  Jersey. 

During  the  last  20  yean,  with  the  vast  increase  of  the  number  and  size  of  steam 
power  plants,  chiefly  due  to  the  use  of  electric  current  for  transmission  of  power  and 
for  lighting  purposes,  a  notable  improvement  in  the  economy  of  operation  of  such 
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plants  has  been  gradually  taking  place.  In  the  boiler  plant,  the  amount  of  fuel 
required  to  generate  a  given  quantity  of  steam  has  been  decreased,  the  amount  of 
steam  generated  by  a  given  size  of  boiler  without  sacrifice  of  fuel  economy  has  been 
approximately  doubled,  and  the  introduction  of  mechanical  stokers  and  of  coal 
and  ash  handling  machinery  has  greoUy  diminished  the  manual  labor  required  to 
<^erate  a  large  boiler  plant.  The  general  use  of  condensing  engines,  with  the  return 
d  the  water  of  condensation  to  the  boilers,  and  of  feed-water  purifiers,  has  dimin- 
idled  the  amount  of  time  and  labor  required  for  cleaning  the  boilers,  has  decreased 
the  danger  due  to  the  accumulation  of  scale,  and  the  time  the  boilers  have  to  be  out 
of  service  for  the  removal  of  scale  and  for  repaifs. 

In  the  steam  engine  and  electric  generator  room  substantial  gains  in  the  econcmiy 
of  steam,  and  consequently  of  fuel,  have  been  effected  by  the  substitution  of  steam 
turbines  for  reciprocating  engines,  by  the  increase  of  steam  pressure,  by  the  use  of 
superheated  steam,  and  by  increasing  the  vacuum  in  the  condensers.  The  use  of 
very  large  units  has  tended  to  reduce  the  loss  of  heat  due  to  radiation  and  other  losses 
in  the  turbine,  and  also  to  reduce  the  labor  of  operation,,  and  the  engine-room  space 
required  for  the  installation  of  a  given  power. 

In  1895,  the  average  large  electric  railway  or  lighting  plant  was  furnished  with 
high  speed,  noncondensing  engines,  rated  at  500  hanespowet,  belted  to  electric 
geaenUmy  and  using  not  less  than  30  pounds  of  steam  per  indicated  horsq[>ower  per 
hour,  or  say  40  pounds  per  kilowatt  hour.  The  boilers  were  operated  with  a  thermal 
efficiency  of  not  over  60  per  cent  on  the  average,  although  75  per  cent  was  occasionally 
reached  with  expert  firing  while  a  boiler  test  was  being  made  under  the  best  possible 
ccmditions  of  load .  In  1915,  the  average  large  modem  station  is  equipped  with  steam 
turbines  of  from  5,000  to  20,000  kilowatts  capacity,  durect-connected  to  electric 
generators,  and  uses  less  than  16  poiinds  of  steam  per  kilowatt  hour.  Its  boilers  run 
regularly  with  an  efficiency  ranging  between  70  and  80  per  cent,  averaging  75  per 
cent.  Allowing  that  a  pound  of  superheated  high  pressure  steam  used  in  a  steam 
turbine  in  1915  contains  5  per  cent  more  heat  units  than  a  pound  of  saturated  steam 
at  lower  pressure  used  in  1895,  the  total  heat  consumption  in  the  average  modem 
plant  of  1915,  per  kilowatt  hour,  is  only  one-third  the  amount  used  by  the  average 
plant  in  1895. 

The  saving  in  labor  per  kilowatt  hour  is  at  least  equally  great,  consequent  upon  the 
abolition  of  the  coal  shovel  and  the  wheelbarrow  for  handling  coal  and  ashes  and  their 
replacement  by  power-driven  machinery,  and  upon  the  use  of  mechanical  stokers 
whidi  are  supplied  with  coal  through  chutes  from  large  elevated  coal-storage  bins. 
There  is  also  a  notable  saving  in  the  first  cost  of  plant  per  kilowatt  hour  owing  to  the 
use  of  large  boiler  units  and  the  great  increase  in  their  rate  of  driving. 

FUEL  FOR  STEAM  BOILERS. 

Probably  90  per  cent  or  more  of  all  the  fuel  used  in  the  world  for  steam  boilers  is  coal, 
either  just  as  it  comes  from  the  mines  or  prepared  and  sized  by  screening,  but  any  kind 
olfuel  that  can  be  burned  in  afumace  may  be  used.  The  choice  of  afuel  for  any  par- 
ticular boiler  plant  depends  upon  its  availability  in  the  market  and  its  market  price, 
upon  the  net  amount  of  heat  that  may  be  obtained  from  it  and  utilized  in  the  genera- 
tion d  steam,  upon  its  bulk  as  related  to  its  heating  value,  and  upon  the  greater  or  less 
difficulty  of  handling,  transporting,  and  storing  it.  Following  is  a  list  of  the  various 
fuels. 

Goal,  anthracite,  semibituminous,  bituminous,  lignite,  coal  briquettes,  pulverized 
coal,  coke. 

Peat,  wood,  sawdust,  spent  tan  bark,  bagasse,  straw,  cottonseed  hulls,  com. 

Petroleum,  fuel  oil,  petroleum  distillates,  residuum,  gas-works  tar,  alcohol. 

Natural  gas,  producer  gas,  blast  furnace  gas,  coke  oven  gas. 
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We  win  consider  the  otilisatioii  ef  these  fuels,  taldng  them  in  the  inverse  order  <A 
the  table. 

Oateoui  JFV<efo.--NftturBl  gas  is  ^le  ideal  fuel  wherever  it  can  be  obtained  in  suffi- 
cient quantitieB  and  at  a  price  low  enough  to  enable  it  to  compete  with  coal.  About 
iSie  year  1865  tbe  supply  of  gas  in  western  Fennsylvania  was  so  abundant  that  it  was 
generally  adopted  as  a  fuel  for  steam  boilers  in  nttrt>uigh,  l>ut  in  a  few  yean  sa  ^e 
supply  of  gas  wdls  decreased  and  the  use  of  gas  for  domestic  purposes,  for  BrotaUur- 
gical  furnaces,  and  fior  gas  engines  increased  the  price  of  gas  was  laised  so  that  it  was  no 
longer  an  economical  fuel  for  a  steam  boiler  plant.  A  restriction  to  the  use  of  mtuial 
gas  as  a  boiler  fuel  for  power  plants  ia  the  fact  that  it  is  also  an  ideal  fuel  for  gas  engines, 
and  tint  more  power  can  be  obtained  from  a  given  quantity  ol  gas  by  usingit  in  a  gas 
engine  than  can  be  obtained  from  it  by  using  it  to  make  steam  and  using  the  steam  in  a 
steam  engine* 

As  an  approximate  rule  for  the  relative  economy  of  natural  gas  and  good  bituminous 
coal  as  a  fuel  for  steam  boilers,  it  may  be  said  that  if  natural  gas  can  be  delivered  in  the 
boiler  room  at  a  price  of  lO^ents  per  1,000  cubic  feet  (measured  at  atmospheric  prss- 
sure  and  OO*'  F.)  it  will  pay  to  use  it  if  the  price  of  good  bituminous  coal  deUversd  in 
tiieboilerroomis|8ormoreper2,000pounds,  orif  coalcests|6pertonit  will  pay  to 
use  gas  at  20  cents  per  1,000  cubic  feet.  The  data  upon  which  this  rule  is  based  am 
asfoDows: 

1  cubic  foot  of  gas,  heating  value  1,000  British  thermal  units 
1,000  cubic  feet  of  gas  -"  1,000,000  British  thermal  units,  costs  10  cents. 
1  pound  good  bituminous  coal,  heating  value  14,000  British  thermal  units, 
2,000  pounds  of  bituaiinous  coal  -«  28,000,000  Britirii  thermal  units  costs,  f3  —  10.7 
oents  per  1,000,000  British  thermal  units. 

There  is  no  probability  that  natural  gas  will  ever  be  used  extensiTely  as  a  fuel  for 
steam  boilers.  An  extraordinary  development  of  the  supply  in  any  given  district 
may  cause  it  temporarily  to  be  used  as  a  substitute  for  coal  under  steam  bdlers,  but  if 
the  supply  should  be  permanent  the  demand  for  its  use  in  gas  engines  and  for  domestic 
heating  and  lighting  would  soon  cause  a  rise  in  price  such  that  it  would  become  too 
high-priced  a  fuel  for  steam  boUers. 

Producer  gas  has  often  been  suggested  as  a  steam  boiler  fuel,  and  frequently  tried, 
but  it  has  never  been  adopted  on  a  large  scale.  The  limitation  of  tiie  producer  as  here- 
tof(nre  built,  "Viz,  that  it  can  not  be  driven  so  as  to  consume  as  mudi  fuel  per  square 
foot  of  ground  space  occupied  as  an  ordinary  boiler  furnace  can,  has  been  a  fatal  objec- 
tion to  its  general  adoption.  TioB  limitation  can  be  removed  whenever  a  gas  producer 
is  built  of  the  taze  of  a  blast'fumace  and  driven  by  blowing  engines  at  a  pressure  of  5  to^ 
10  pounds  per  square  inch,  but  when  that  ia  done  the  gas  should  be  utilised  in  gas 
engines,  in  which  its  available  heating  value jcan  more  economically  be  converted  into 
work  than  it  can  in  the  combination  of  a  boiler  and  steam  engine.  The  day  of  the 
substitution  of  the  gas  producer  and  gas  engine  plant  for  tiie  steam-engine  plant,  which 
was  confidently  predicted  10  or  15  years  ago  as  immediately  impending,  now  tcp' 
pears  to  be  far  removed.  Great  progress  has  been  made  in  the  interval  in  steam  bofler 
and  steam  turbine,  but  practically  none  in  gas  producer  and  gas  engine  practice, 

The  waste  gas  from  blast  furnaces  has  generally  been  used  as  fuel  both  for  heating 
tike  blast  and  for  the  boilers  supplying  steam  to  the  blowing  engines.  The  quantity  of 
gas  made  is  usually  sufficient  for  both  these  purposes,  and  in  many  csbss  it  is  far  mete 
than  sufficient,  so  that  a  great  deal  goes  to  waste.  In  recent  years  there  has  hemi  a 
tendency  to  save  this  surplus  gas  by  using  it  in  gas  engines  furnishing  electric  current 
for  rolling  mills  or  other  purposes,  and  in  the  building  of  new  furnaces  it  is  becoming 
common  to  use  gas-engine  instead  of  steam-engine  blowing  apparatus.  Whenever  it  is 
possible  to  obtain  gas  as  a  waste  or  by-product  of  metallnrgical  or  other  operations  and 
to  convey  it  by  pipes,  it  will  produce  more  power  and  therefore  will  probably  pay  bet- 
ter to  use  it  in  gas  engines  than  under  steam  boilers. 
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Liquid  fuels, — Petroleum  and  its  various  products  all  make  excellent  fuel  for  steam 
botlerSy  and  they  will  be  used  instead  of  coal  whenever  they  can  be  obtained  in  quan« 
tity  and  at  a  price  sufficiently  low  to  show  a  commercial  advantage  in  using  them. 
The  lighter  distillatee— gasoline,  benzine,  and  kerosene--are  in  general  too  high-priced 
to  be  used,  since  there  is  a  lazge  demand  for  their  use  in  oil  engines  and  for  other 
porpoees.  The  heavier  distillates,  such  as  lubricating  oils  and  paraffine,  are  lor  lh» 
same  reason  unavailable  as  fuels.  There  remain  as  commercial  fuels  the  crude  petro* 
leam  as  it  comes  from  the  well,  fuel  oil,  which  is  the  crude  oil  with  the  lighter  di»> 
tillates,  which  have  flash  points  below  110*'  F.,  removed,  and  the  residuum  left 
after  distillation  of  kerosene  and  the  lubricating  oils.  The  relative  prices  of  thes^ 
faels  depoid  on  local  and  commercial  conditions  and  are  apt  to  fluctuate  more  widely 
with  variations  in  supply  and  demand  than  do  those  of  coal. 

The  total  annual  world's  consumption  of  petroleum  and  its  products  as  fuel  is. 
probably  not  over  2  to  3  per  cent  of  the  coal  consumption,  and  the  relatively  limited 
and  variable  supi^y  always  tend  to  make  its  price  more  or  less  unsteady. 

Fad  oil  is  now  largely  used  as  a  fuel  for  dupe  of  war  in  iwder  to  econoauae  space 
a&d  weight  and  on  account  of  its  convenience  in  handling.  It  is  in  extensive  -Bse  in 
locomotives  and  in  steam  power  plants  in  the  southwestern  part  of  the  United  States 
en  acoeunt  of  its  cheapness  rdative  to  coal,  owing  to  the  proxhnity  of  the  oil  wella 
ei  OaMfotnia,  Texas,  and  Mexico  and  tiie  abaence  of  mines  of  coal  of  good  quality  kk 
these  districts. 

B^Nresentative  figures  for  the  composition,  weight,  and  fuel  values  of  different 
American  oils  are  given  in  the  following  table  (from  Power): 

Properties  of  crude  oQ. 


Compoiktion,  by  weight. 

Spedflo 
gravity. 

Pound! 

per 
uffted 
States 
gaOon. 

B.t.u. 

Kind  of  on. 

Carbon. 

• 

Hydro- 
gen. 

Sulphur. 

Oxygea. 

^Jt2!t 
Dy  ten. 

OWo 

0.8S4 

.sao 

.849 
.MS 
.836 
.S4e 
.868 

0.147 
.148 
.137 
.Ml 
.133 
.188 
.194 

0.806 
.010 

0.018 
.082 
.014 
.018 
.024 
.018 

.(no 

0.880 
.810 
.886 

.841 
.878 
.8» 
.068 

6.88 

?:S 

7.08 
7.26 
7. 71 
8.00 

If,  89^ 

Pennsylvania,  light 

19,080^ 

Perairiflvaplai  heavy 

10,210 

Wtet  vlndnla.U8hi. 

.888 

.eo8 

.010 
.801 

18,400 

West  Virsiiiia!  heavy ^ 

18,824 

^xas 

10,160 

CUiiarnia  .... 

18, 680* 

▲vtnute 

.888 

.130 

.007 

.018 

.871 

7.J7 

10,888 

From  a  table  published  in  Engineering  News  May  13,  1909,  by  R.  W.  Feim,  the^ 
following  figures  are  selected  showing  tiie  range  of  values  of  Gallfomia  oO. 


finanlff 

Weight 

per 
beneL 

B.t.u. 

P«^ 

poimd. 

Thou- 
tandsof 
B.t.u. 

per 
bMTel. 

Density,  de- 

Specif, 
ic  grav- 
ity. 

Weight 
b£SL 

B.t.tl. 
pound. 

Thou- 
sands of 
B.  t.  u. 

per 
barrel. 

Denrity.  de^ 
fra«Baoni^ 

apovu- 

•B. 
10 
15 
90 
25 

1.000 
.006 
.034 
.005 

350 
838 

327 
317 

18,380 
18,680 
18:080 
10,280 

6442 
6323 
6212 
6113 

•B. 
30 
35 
40 
45 

0.873 
.840 
.825 
.808 

307 

IS 

981 

19,980 
19  880 
20,150 
20;400 

6,006 
59n 
5,827 
5,788^ 

From  these  figures  it  appears  that  the  thinner  and  lighter  the  crude  oH  the  higher 
is  its  heating  value  per  pound  but  the  less  per  barrel.  The  following  table  shows 
the  relative  value  of  petroleum  and  coal.  It  is  based  on  the  following  assumed  data: 
British  thermal  units  per  pound  of  oil,  19,000;  4>eciflc  gravity,  0M^7.b  pounds  per 
Uaited  States  gallon;  1  baRel»42  gattons  «i^l5  pounds;  1  ton  coid»»2,000  pownds. 
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B.  t.  u.  per  pooDd  olcoal. 


10,000. 
11,000. 
12,000. 
13,000. 
14,000. 


Pounds  of  oU 
that  equal  1 
pouxidofooal. 


1.900 
1.727 
1.583 
1.402 
1.357 
1.267 


Pounds  of 
coal  that 
equal  1  bar- 
rel of  oU. 


608 
544 
400 
460 
427 


Barrels  of  oil 
that  equal  1 
ton  of  coal. 


8.84 
3.68 
4.01 
4.84 
4.68 
6.01 


Laige  purchasers  of  fuel  oil  in  Califomia  buy  oil  on  specifications,  of  which  the 
following,  issued  by  the  Southern  Pacific  Railway  system,  is  an  example: 

''It  must  contain  no  sand  or  foreu^i  matter  in  the  shape  of  sticks,  waste,  stones,  etc., 
and  must  be  sufficiently  liquid  to  flow  in  4-inch  pipes  at  a  temperature  of  70°  F.  Oil 
containing  more  than  2  per  cent  of  water  and  otner  impurities  will  not  be  accepted. 
Fuel  oil  will  not  be  accepted  for  general  use  the  flash  point  of  which  is  less  than  110*'  F. 
when  tested  in  the  open  cup,  Ti^liabue  method,  the  oil  to  be  heated  at  the  rate  of  5^ 
per  minute  and  test  flame  appli^  every  5*^,  beginning  at  90°.  The  q[>ecific  gravity 
should  range  between  0.98  and  0.88  (13^  and  29^  Baum^)  at  60°  F." 

Coal  tar,  a  gas-works  by-product,  is  sometimes  sold  at  a  price  low  enough  to  allow 
of  its  being  used  as  a  boiler  fuel.  Two  analyses  given  by  C.  F.  Pritchard  are  as  fol- 
lows: 


Carbon. 

Hydro- 
gen. 

Nltro- 
gen. 

Oxygen. 

Sulphur. 

Ash. 

Spedflc 
gravity. 

B.  t.  u. 

per 
pound. 

Coal-gas  tar 

80.21 
92.70 

4.05 
6.18 

1.05 
.11 

4.23 
.60 

0.66 
.37 

Trace. 
Trace. 

1.25 
1.16 

15,708 

Water-gas  tar 

17,103 

Alcohol  (ethyl  or  grain  alcohol,  C^HfOH)  might  be  used  as  a  boiler  fuel  were  it 
not  for  its  high  cost.  The  heat  combustion  of  alcohol  (95  per  cent  alcohol,  6  per  cent 
water,  by  volume),  as  determined  by  the  calorimeter  is,  11,900  British  thermal  units 
per  pound,  a  little  more  than  half  that  of  gasoline. — ^Luckb. 

Peatf  woody  etc. — ^The  composition  of  these  fuels  differs  from  that  of  coal  in  two 
chief  particulars:  1.  They  contain  when  air-dried  usually  as  much  as  25  per  cent  of 
moisture,  by  weight,  and  when  wet  50  per  cent  or  more.  2.  When  completely  dried, 
the  fuel,  free  from  moisture  and  ash,  contains  from  32  to  48  per  cent  of  oxygen  and 
only  from  45  to  60  per  cent  of  carbon.  The  hydrogen  in  the  dry  fuel  is  in  the  neigh- 
borhood of  6  per  cent,  but  it  is  largely,  if  not  entirely  neutralized  by  the  oxygen. 
From  several  sources  the  following  representatives  analyses  have  been  selected. 
They  are  all  reduced  to  the  common  standard  of  dry  combustible,  or  fuel  free  from 
moisture  and  ash. 


Fuel. 

Car- 
bon. 

Hydro- 
gen. 

Oxy- 
gen. 

Nitro- 
gen. 

Fuel. 

Car- 
bon. 

Hydro- 
gen. 

Oxy- 
gen. 

Nitro- 
gen. 

Peat 

61.1 
58.0 
57.2 
50.6 

6.3 
5.7 
6.0 
6.2 

32.6 
85.0 
36.8 
42.1 

Sawdust 

52.0 
52.6 
48.1 
45.3 

6.2 
6.1 
5.8 
6.3 

41.7 
41.3 
45.6 
47.8 

0.1 

Do 

i.2 

Tanbark 

Straw 

Do 

Wood 

1.1 

Do 

0.6 

The  ash  found  in  different  samples  is  quite  variable,  ranging  from  1  to  15  per  cent. 
The  heat  of  combustion  is  usually  computed  by  Dulong's  formula,  B.  t.  u.,  per 

pound=146  C-f-620  (H— g  V  in  which  C,  H,  and  O,  are  percentages  of  carbon^ 

hydrogen,  and  oxygen  respectively,  but  experiments  by  Mahler  and  others  with 
the  bomb  calorimeter  show  that  the  formula  gives  results  ranging  from  9  to  15  per 
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cent  too  low,  indicating  that  the  oxygen  is  not  all  ccmibined  with  the  hydrogen,  as 
ifl  commonly  aasumed,  but  that  much  ol  it  is  combined  with  carbon,  or  with  carbon 
and  hydrogen  together  as  an  oxyhydrocarbon.  * 

In  burning  these  fuels  under  steam  boilers  it  is  not  possible  to  obtain  in  the  steam 
generated  as  great  a  percentage  of  their  total  or  cal<»imetric  heating  value  as  can 
be  obtained  with  coal  for  the  reasons  that  all  of  the  moisture  in  them,  together  with 
the  moisture  fonned  from  the  combustion  of  hydrogen,  escapes  as  superheated  steam 
at  the  temperature  of  the  chimney  gases,  and  that  the  presence  of  moisture  reduces 
the  furnace  temperature,  lessening  the  transmission  of  heat  through  the  heating  sur- 
face of  the  boiler  and  reducing  the  efficiency. 

Taking  average  compositions  of  these  sevml  fuels,  computing  their  heating  value 
of  the  dry  fuel  by  Dulong's  formula  with  an  addition  <A  10  per  cent,  assuming  that  the 
moisture  in  the  wet  fuel  is  25  per  cent  and  40  per  cent,  and  that  this  moisture  together 
with  that  fonned  by  the  combustion  of  the  fuel  is  heated  from  the  atqiospheric  tem- 
perature of  62""  to  212''  F.,  is  evaporated  at  212''  and  superheated  300""  to  512^,  the 
assumed  temperature  of  the  chimney  gases,  we  obtain  the  following  figures  of  the 
available  heating  value  of  these  fuels,  with  moisture  of  25  and  40  per  cent,  respectively. 
In  making  the  calculation  the  ash  is  neglected  and  the  hydrogen  is  taken  in  all  cases 
at  6  per  cent. 


Fuel  dry  and  free  from  ash. 

Total  B.  t.  u.  per  pound. 

AvaUable  B.  t.  u. 
per  pound. 

Fuel. 

Carbon. 

Hydro- 
gen. 

Oxygen. 

Nitrogen. 

Dry. 

25  per 

cent 

moisture. 

40  per 

pent 

mirfsture. 

25  per 

cent 

mateture. 

40  per 

cent 

moisture. 

P^ 

Wood 

Tftobark... 

58.8 
51.3 
52.6 

6.0 
6.2 
6.1 

34.8 
41.0. 
41.3 
46.7 

0.4 
.5 

10,560 
8,062 
0^068 
7;760 

8,676 
6  721 
6,816 
5  827 

6,841 
5;877 
5,458 
4,661 

7,850 
5805 
5,090 
5001 

5,428 
4464 
4,540 

Straw 

«.7 

6.0 

.6 

3;748 

The  available  heating  value  of  these  fuels  ranges  from  one-quarter  to  a  little  over 
one-half  of  that  of  the  highest  grade  of  steam  coal,  the  available  heating  value  of 
which  when  low  in  ash  and  moisture  is  about  15,000  British  thermal  units  per  pound. 

In  the  utilization  of  these  fuels  in  steam-boiler  practice  it  is  necessary  to  bum  them 
in  specially  designed  furnaces  with  roofe  of  fire  brick  and  extremely  laige  combustion 
chambers.  Their  great  bulk  for  a  given  heating  value,  and  the  high  percentage  of 
moisture  they  contain,  make  them  impracticable  as  commercial  fuels  unless  they 
can  be  obtained  at  an  insignificant  cost,  as  by-products,  except  in  a  few  locaUties 
where,  on  accoimt  of  lack  of  transportation  facilities  coal  or  oil  are  not  obtainable  at 
any  reasonable  price.  The  cost  of  digging  peat  and  drying  it  to  make  it  suitable  for 
fuel  has  hitherto  prevented  its  use  for  steam  boilers  in  the  United  States,  although 
it  has  been  used  to  a  limited  extent  in  Europe. 

Com  has  been  used  as  a  fuel  in  Nebraska  in  years  when  the  selling  price  was  very 
low  and  that  of  coal  high.  Its  heating  value  is  about  the  same  as  that  of  wood.  Boiler 
tests  have  shown  that  the  relative  value  of  com  and  Nebraska  coal  was  as  1  to  1.9, 
and  that  com  at  10  cents  a  bushel  would  be  as  cheap  a  fuel  as  coal  at  $5.11  per  ton  oi 
2,000  pounds. 

Ba^Mse,  the  refuse  cane  from  sugar  mills  is  successfully  used  as  fuel  in  Louisiana, 
Cuba,  and  other  producing  countries,  furnishing  enough  steam  to  run  the  mills. 
The  conditions  for  its  proper  utilization  are  that  it  be  made  as  dry  as  possible  by  the 
cane  rolls  and  preferably  further  dried  by  the  waste  heat  from  the  boiler  furnaces  and 
that  it  be  burned  in  suitable  furnaces.  Results  of  numerous  boiler  tests  with  wet 
and  partially  dry  bagasse  are  described  in  Bulletin  No.  128  of  the  Agricultural  Experi- 
ment Station  of  the  Louisiana  State  University. 
68436—17— VOL  vi 10 
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CooL-^The  quality  of  coaI  depends  duefly  upon  the  looUion  <^  the  coal  mine.  The 
beet  eteam  coal  in  the  United  Stetee,  knewB  M  eeni-bitiiiBinoiia,  is  foun^ 
tity  in  a  narrow  strip  of  territory  about  10  to  90  niles  wide  in  the  Appalachian  coal  field 
running  from  central  Pennsylvania  to  nofthem  Alabama.  At  the  northeastern  end  of 
the  field  in  a  limited  diatrtct  in  eastern  Penns^dvania  ire  the  anthracite  mines,  and 
west  and  northwest  of  the  semi-bitaminous  strip,  ndadiing  to  central  Ohio  and  central 
Kentucky,  Tennessee  and  Alabama  is  the  great  area  of  the  Appalachian  field,  in  whi<^ 
ahigh  grade  bituminous  coal  is  mined.  Of  the  two  great  central  fields,  one,  covering 
nearly  the  whole  of  the  State  of  lUinoiis  and  parts  of  western  Indiana  and  western 
Kentucky,  known  as  the  Illinois  basin,  produces  graoally  a  medium  grade  of  bitu- 
minous coal,  and  the  other,  known  as  the  ICissouri  basin,  covering  parts  of  Iowa, 
Missouri,  Nebraska,  and  Kansas,  produces  chiefly  a  low  gnude  of  coal,  althou^  some 
of  the  coal  mined  in  Kansas  is  of  high  gnule.  In  a  narrow  strip  of  territory  in  Arkan- 
sas and  Oklahoma,  and  also  in  a  lew  places  in  Colorado  some  semi-bituminous  coal 
is  found.  In  Colorado  and  in  Washington  all  grades  of  coal  from  anthracite  to  lig- 
nite are  found,  but  the  coal  bearing  areas  are  small.  Throughout  the  remainder  of 
the  United  States  west  of  the  Missouri  River  there  are  numerous  small  areas  contain- 
ing coal,  but  most  of  it  is  d  poor  quality,  classed  as  lignite  or  sub4>itumlnous  coal. 
In  Alaska  all  gnules  of  coal,  from  anthracite  to  lignite  are  found,  and  there  are  some 
large  deposits  of  semi-bituminous  coal  awaiting  development. 

The  quality  of  coal  may  be  judged  from  its  chemical  composition.  The  moisture 
it  contains  is  of  two  kinds:  1.  The  surface  or  accidental  moisture  of  wet  coal,  which 
may  be  dried  out  by  exposing  the  coal  in  a  thin  layer  to  the  ordinary  atmosphere 
of  a  room  for  from  24  to  48  hours.  Inherent  or  hygroscopic  moisture,  which  the 
air-dried  coal  contains  and  which  can  not  be  removed  from  a  lump  of  coal  except 
by  heating  it  for  some  time  to  a  temperature  of  about  240^  F.  or  drying  it  for  some 
weeks  in  a  dessicator  with  sulphuric  add  or  calcium  chloride.  The  amount  of  this 
inherent  moisture  is  the  first  criterion  for  judging  the  character  of  a  sample  of  coal.  If 
it  is  less  than  2  per  cent,  the  coal  is  either  anthracite,  semi-anthracite,  semi-bitumi- 
nous or  high  grade  bituminous.  If  it  is  above  4  per  cent,  it  is  medium  or  low  grade 
bituminous  or  lignite.  Hie  volatile  matter  found  in  the  proximate  analyses,  calcu- 
lated as  vdatUe  matter  in  the  combustible,  or  coal  dry  and  free  from  ash,  is  the  next 
distinguishing  characteristic  of  different  coals.  If  it  is  less  than  10  per  cent  the  coal  is 
daased  as  anthracite,  10  to  15  per  cent,  semi-anthradte,  15  to  30  per  cent  semi-bitu- 
minous; above  30  per  cent  it  may  be  either  bituminous  or  lignite. 

The  author's  classification  of  coals  is  ^ven  in  the  following  table  (Trans.  Am. 
8oc.  of  Mechanical  Engineers  1914,  "Steam  BoUer  Economy"  2d  ed.  1915,  p.  73). 
It  divides  the  bituminous  coal  into  three  grades,  high,  medioim,  and  low,  the  chief 
distinction  between  them  being  the  percentage  of  moisture  found  in  the  coal  after  it 
is  air-dried.    Hie  coals  hig}iest  in  inherent  moistiure  are  also  highest  in  oxygen. 

Classes:  1.  Anthracite.  2.  Semianthracite.  3.  Semibituminous.  4.  Cannel.  5. 
Bituminous,  high  grade.  6.  Bituminous,  medloim  grade.  7.  Bituminous,  low  grade. 
8.  Subbituminous  and  lignite. 


ClM8. 

Per  cent  of 

▼olfttile 
matter. 

Pwesnt 
of  com- 
bustible 
oxygen. 

Percent  of 
moirtureln 
elr<dry,  ash- 
free  ooal. 

Combostlble 

B.t.a.per 

potmd. 

B.t.a.per 

pound,  of  sar-dry, 

ash-free  ooal. 

I 

LentliMilO.. 

10tol5 

15  to  JO. 

46  to  80. 

80  to  45 

82  to  60. 

82  to  60. 

27  to  SO. 

lto4... 
lto6... 
Itos... 
6  to  8... 

6  to  14.. 
etol4.. 

7  to  14.. 
10  to  38.. 

Less  than  1.8.. 
...do 

14,800  to  15^.. 
16,400  to  16^.. 
16.400  to  10,060.. 
U,700  to  16,200.. 
14,800  to  16,600.. 
U>00tol6,l00.. 
12,400  to  14,600.. 
0,000  to  18,260.. 

14,000  to  16,400 

n 

UJOOto  16i00 

&::::;::;;:;:::;:;:;:;: 

...do 

lilsootoio^ooo 

iv> 

...do 

I^t2l4;400 

v 

It0  4 

VL 

2.6  to  04 

6tol2 

7to26 

11^  to  14^400 

VII 

IMOO  to  18,400 
7/tOO  to  11,060 

vnL 

1  Eastern  cannel;  the  Utah  cannel  is  much  lower  in  heating  valne. 
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FUBNAOM  fOS  MBAM  BOOBBt. 

Tlie  fint  requirement  for  a  steam  bofler  ftimace  la  tliat  it  shall  have  snfBcient  coal- 
buRung  capacity,  and  thia  meana  not  only  a  grate  aurfMe  large  enou^  to  bum  the 
coal  at  auch  a  reaaonable  rate  of  driving  (meaaured  in  pounda  of  coal  per  aquare  foot 
of  grate  aur&ce  per  hour)  aa  will  not  cauae  the  dogging  of  the  fire  with  clinker,  but 
bIbo  a  combuation  chamber  ao  large  that  the  gaaea  distilled  from  the  coal  may  be  com- 
pletely burned  in  it  before  they  come  in  contact  with  the  heating  aurfacea  of  the 
boiler,  thua  preventing  the  formation  of  smoke  and  soot,  when  soft  coal  is  uaed,  and 
tbe  eacape  of  unbumed  gaaea  when  anthracite  ia  the  fuel.  In  modem  parctioe  the  aise 
of  combuatum  chamber,  relatively  to  the  aize  of  the  boiler,  haa  been  greatly  increaaed 
m§  compared  with  the  practice  of  10  yeara  earlier.  It  ia  not  now  uncommon  to  have 
tlw  tubea  of  a  water  tube  boiler  of  the  Babcock  and  Wikox  type,  with  the  tubea  in- 
clined 15  degreea  from  the  lundsmital,  placed  12  feet  or  more  above  the  grate  bars,  and 
In  the  caae  of  the  recent  forma  of  Stirling  boileiB,  with  ateeply  inclined  tubea,  to  have 
tbe  furnace  extend  more  than  20  feet  above  the  grate  bara. 

The  conditiona  for  the  complete  combuadon  of  ooal  without  amoke  are  aa  followB: 

1.  That  the  gaaea  are  diatilled  form  the  coal  at  a  uniform  rate. 

2.  That  the  gaaea  when  diatilled  are  brought  into  intimate  contact  with  very  hot  air. 
8.  That  that  the  gaaea  ahall  enter  a  fire  brick  chamber  of  either  auffident  volume  to 

allow  the  flaming  gaaea  to  be  entirely  conaumed  naturally  or  else  that  the  chamber 
be  provided  with  auch  auxiliary  bafliing  or  mixing  devlcee  as  will  cauae  them  to  be 
mixed  together  before  the  exit  of  the  chamber  is  reached. 

Yfiih  the  furnace  conditions  as  stated,  and  with  ample  air  supply,  coal  may  be 
burned  without  smoke,  but  in  order  that  economy  as  well  as  smokelessness  be  obtained, 
it  is  necessary  that  the  air  supply  be  restricted  to  such  an  extent  that  the  excess  of  air 
above  that  theoretically  necessary  to  effect  complete  combustion  be  not  greater  than  26 
per  cent.  To  effect  this  restriction  the  chimney  gas  must  be  analyzed  or  its  percent- 
age of  carbon  dioxide  or  oxygen  continuously  indicated  by  some  form  of  indicating 
apparatus. 

BBLATION  OF  THB  PBRCBNTAOB  OF  OXQTBN  IN  THE  OASES  TO  EFFICIBNCT. 

In  plotting  the  effidency  obtained  in  numerous  boiler  teats  and  comparing  them 
with  the  results  of  analyses  of  the  chimney  gaaea,  it  ia  found  that  maximum  effidendea 
are  obtained  only  when  the  carbon  dioxide  ia  between  14  and  15.5  per  cent,  but  when 
it  ia  in  exceea  of  15  per  cent  the  effidency  may  be  dther  at  or  near  the  maximum  or 
considerably  below  it,  aince  a  high  percentage  of  COa  may  be  accompanied  with  high 
00,  indicatii^  a  loaa  due  to  imperfect  combuation.  The  percentage  of  free  oxygen  in 
the  gaaea  ia  a  more  aatiafactory  criterion  of  the  furnace  conditiona  leading  to  high 
effidency.  If  it  ia  below  3  per  cent,  the  GO  nearly  always  is  found  to  be  too  high  for 
m^Tim^im  efficiency  and  if  it  is  above  6  per  cent  there  is  too  great  a  loss  of  heat  in  the 
chimney  gases,  due  to  the  heating  of  an  unnecessary  excess  of  air  to  the  temperature 
of  the  gases. 

From  a  table  of  several  hundred  flue-gas  analyses  given  by  E.  A.  Uehling  in  the 
Journal  of  the  American  Sodety  of  Mechanical  Engineers,  November,  1910,  the  results 
diowing  15  per  cent  and  upward  of  COf,  94  in  all,  have  been  selected,  and  arranging 
them  with  reference  to  the  percentage  of  oxygen,  the  cinresponding  figures  for  carbon 
dioxide,  carbon  monoxide,  and  nitrogen  are  given  in  the  table  below,  together  with 
the  caloilated  heat  losses  in  British  thermal  units  per  pound  of  carbon  burned  due  to 
burning  0  to  GO  instead  of  GOj  and  to  heating  the  dry  gases  200^  F.  above  the  tem- 
perature of  the  water  in  the  boiler.    The  loss  due  to  GO  ia  calculated  from  the  formn- 

GO 
la:  Loaa  due  to  00  per  pound  0=10,150Xqq  ■  ^q^  and  that  due  to  heating  the  gaaea 

200^  P.  frcmi  the  formula 
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the  first  term  being  the  pounds  of  dry  gas  per  pound  of  carbon  burned  and  0.24  being 
taken  as  the  specific  heat  of  the  gases.  The  last  two  columns  in  the  table  are  calculated 
from  two  assumed  cases  in  which  the  oxygen  is,  respectively,  7  and  10  per  cent. 

Relation  of  heat  loss  in  chimney  gases  per  pound  of  carbon  hwmed  to  the  composition  of  the 

gases. 


10 
teste. 

17 

tests. 

16 

11 
tests. 

10 
tests. 

8 
tests. 

10 
tests. 

2 
tests. 

8 
tests. 

2 

tests. 

1 
test. 

1 
test. 

Average  0  (per  cent) 

Average  CO  (per  cent) 

Average  CO«  (per  cent) 

Average  N  (per  cent) 

T(Mn&  of  gas  per  pound 
carbon 

i.ao 

.64 
15.70 
82.20 

15.60 
306 
748 
1,144 
^.84 
2.11 

1.80 

.61 

15.20 

82.40 

16.06 
886 
772 
1,158 
^.03 
2.20 

2.80 

.55 

15.10 

82.00 

16.24 
355 
780 
1,185 
J.  77 
2.04 

2.80 

.86 

15.10 

8L70 

16.45 
288 
7W 
1,023 
J.  01 
L28 

8.80    3.80 

.12      .00 

15.50  15.40 

SLID  80.70 

16.84  16.48 
81        61 
784      701 
865      852 
5.01     5.84 
.18      .11 

4.80 

.06 

14.80 

80.80 

17.12 

41 

822 

868 

6.01 

.18 

4.80 

5."80 

5.80 

7.00 

10.00 

14.60 
80.60 

17.42 

14.80  14.10 
80.40  80.10 

17.77  18.02 

14.00 
80.00 

10.46 

10.00 
80.00 

25.00 

Lon  due  to  CO  (B.  t.  u.).. . 
Lon  due  to  healing  gaaes... 
Sum  of  the  lomesTB.  t.  u.) . 
Sum-pei  cent  of  14,600 

836 
886 
5.73 

858 
853 

5.84 
.11 

865 
865 
5.01 
.18 

034 

084 

6.40 

.67 

1,200 
i;200 
i20 
2L56 

This  table  shows  the  following: 

1.  The  minimum  sum  of  the  losses  (852  to  865  B.  t.  u.  per  pound  of  carbon  burned) 
corresponds  to  a  gas  analysis  showing  between  3  and  6  per  cent  of  oxygen. 

2.  The  range  of  minimum  loss  corresponds  to  14.1  to  15.5  per  cent  of  carbon  dioxide, 
but  high  losses  (over  1,000  B.  t.  u.)  are  found  with  COj  from  15.1  to  15.7. 

3.  The  range  of  minimum  loss  corresponds  to  carbon  monoxide  from  0.12  to  0.50  per 
cent,  but  with  no  CO  the  loss  may  be  excessive  if  O  is  in  excess  of  6  per  cent. 

4.  The  percentage  of  oxygen  is  the  only  satisfactory  criterion  of  furnace  conditions. 
When  it  is  between  3  and  6  per  cent  the  sum  of  the  losses  due  to  carbon  monoxide 
and  excess  air  is  a  minimum. 

RELATION  OP  BOILER  EPFICIENCT  TO  AIR  SUPPLY,  TO  RATE  OF  DRIVING,  AND  TO  QUAUTY 

OF  FUEL. 

In  the  author's  "Steam- Boiler  Economy ''(second  edition,  p.  316),  there  is  given  a 
rather  complex  formula,  based  upon  theoretical  considerations,  and  several  sets  of 
curves  showing  the  relation  of  boiler  efficiency  to  the  several  variable  conditions  that 
enter  into  boiler  performance.  The  application  of  this  formula  to  certain  assumed 
cases  gives  the  results  shown  in  the  tables  given  below.  The  first  table  shows  the 
composition  of  the  dry  chimney  gas  derived  from  burning  Pittsburgh  bituminous  coal 
with  different  quantities  of  air. 


Case. 

Percent 

OfC 
buraed 
to  CO. 

Percent 

of  excess 

air. 

Dry  gas 

Dry  gas 

pound 
carbon. 

Analysis  of  dry  gas  by 
volume. 

CO,. 

CO. 

O. 

N. 

1 

n.00 

18. 8S 
17.16 
2X72 
1LS6 
18.21 
11.12 

ia«5 

13.08 
16.06 
20.67 
27.37 
18.60 
15.08 
18.40 
12.83 

18.45 
15.30 
12.18 
0.10 
17.85 
16.18 
17.21 
1&88 

8L55 

2 

90 
60 
100 

'aoi' 

.80 
L02 
3.07 

3.66 
7.00 
ia57 

iii' 

81.14 

3 

80.73 

4 

80.83 

A 

5 
5 
10 

8L21 

B 

ao 

80.00 

c 

80.87 

D 

80.15 

Case  1  is  an  ideal  but  not  a  practical  case,  since  it  is  not  possible  in  practice  to  bum 
all  the  G  to  COa  without  excess  of  air.  Cases  2,  3,  4,  A,  and  B  are  all  within  the  range 
of  ordinary  practice  (which  sometimes  shows  200  per  cent  or  more  excess  air)  and  cases 
0  and  D  represent  either  the  conditions  of  too  heavy  firing  and  choked  air  supply,  or 
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the  condition  existing  a  minute  or  two  after  firing  of  fine  moist  slack  coal,  which  tem- 
porarily chokes  the  air  supply  and  causes  the  formation  of  a  great  volume  of  smoky  gas . 

Cases  2  and  A  refHreeent  the  best  possible  practice,  reached  only  when  all  conditions 
are  most  fovorable. 

The  next  table  shows  the  maximum  theoretical  eflidencies  that  may  be  reached 
with  the  saane  coal  with  the  stated  air  supply  and  with  different  rates  of  driving. 
( Tr/^«pounds  of  water  evaporated  from  and  at  212^  F.  per  hour  per  square  foot  of 
heating  surface.) 

Theoretical  efficiencte9  mth  PiiUbwrgh  coal  under  different  conditions. 


Case. 

0 

74.76 
81.13 
84.06 
84.49 
84.24 
83.09 
81.47 
79.77 
77.90 
76.16 

30 

73.68 
79.78 
82.30 
82.34 
81.71 
79.76 
77.46 
75.01 
73.48 
69.92 

50         100         0          30 

Bffldeodes.  peroent. 

73.06     68.07     73.53     71.61 
77.73     73.72     78.69     77.54 
79.60     73.90     81.53     80.02 
79.03     71.72     ?1.91     80.09 
77.79     68.91     81.64     79.50 
74.66     63.60    80.43     77.65 
71.17     55.87     78.87     75.48 
67.55     49.20     77.17     73.15 
63.86     43.87     75.41     70.76 
60.12     35.48     73.58     68.32 

C 
10 
0 

69.77 
78.33 
78.98 
79.35 
79.09 
77.91 
76.39 
74.74 
73.02 
71.27 

J) 

Per  cent  C  to  CO 

30 

Per  cent  excess  of  air 

0 

•"'Is.....'. 

65.79 

1 

71.34 

2 

73.87 

3 

74.KV 

4 

73. 8& 

6 

72.64 

8 

71.11 

10 

69.45 

12 

67.73 

14 

65.97 

The  figures  in  the  table  show  the  great  falling  o£f  in  efficiency  at  high  rates  of  driv- 
ing when  the  air  supply  is  excessive,  and  the  necessity  of  gas  analysis  (or  of  a  CO2  or 
an  oxygen  indicator)  if  high  efficiences  are  to  be  obtained  at  high  rates  of  driving. 

The  third  table  shows  the  maximum  theoretical  efficiencies  obtainable  from  five 
different  kinds  of  coal  and  an  average  fiiel  oil,  the  analyses  of  which  are  given  below, 
on  the  assumption  of  complete  combustion  with  20  per  cent  excess  air  supply  and 
rates  of  drivii^  W/S  from  1  to  14  pounds.    The  results  are  shown  in  the  table. 

Analyses  0/ fuels. 


Antluadte 

dry  and  free 

from  ash. 

Semibitu- 
minous. 

Pittsburjdi 
ash  and  sul- 
phur free. 

lUlnois. 

1  i<mff«            rallfoTDia 
Lignite.             j^^,  ^jj 

C           94.3 
H             2.3 
0             2.4 

N             1.0 

1 15,000 

Moist.       1.7 

N.S.ash4.6 

C         85.0 

U          4.5 

0           3.2 

1  14,950 

Moist.      2.0 
C         83.0 
H          5.5 
0           8.0 
N           1.0 

•14,908 

Moist  10.8 
C  61.0 
H  4.2 
0  9.6 
N           1.2 

Ash,  8  13.2 
» 10,640 

Moist.     27.0  ;                0.2 
C          47.4                   84.9 
H           3.3  ;                 11.9 
0          12.0                     1.9 
N           1.0        8          1.1 

18,250            U9,600 

1  British  thermal  units  per  pound. 
Relation  of  efficiency  to  quality  of  coal. 


Rate  or  drivtoit,  W/8 

1 

2 

3 

4 

6 

— 
8 

10 

12     1    14 

Anthracite. 

81.85 
80.41 
79.78 
78.38 
75.83 
78.78 

84.56 
82.96 
82.30 
80.59 
77.76 
81.61 

B 
84.71 
83.00 
83.34 
80.44 
77.51 
82.01 

Bdenci 
84.16 
82.38 
81.71 
79.64 
76.62 
81.74 

82.39 
80.42 
79.76 
77.34 
73.98 
80.52 

80.25 
78.10 
77.45 
74.71 
70.90 
78.97 

77.96 
75.64 
75.01 
71.93 
67.79 
77. 2« 

75.59 
73.12 
72.48 
69.09 
64.62 
75.48 

78.19 

SemlUtuminous 

70.64 

Pittsbureh  bituminous 

60.92 

Illinois 

66.20 

Usnite 

61.40 

Fudofl 

73.58- 

When  the  figures  for  efficiency  given  in  the  above  tables  are  plotted,  the  resulting^ 
curves  show  a  maximum  at  or  near  a  rate  of  driving  of  3  pounds  of  water  evaporated 
per  hour  per  square  foot  of  heating  Surface,  the  evaporation  falling  rapidly  to  zero» 
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M  the  rate  of  driving  ia  leas  than  1^  pounds,  but  at  higher  rates  than  3  pounds  the 
carves  approach  nearly  to  straight  lines,  so  that  for  these  higher  rates  simple  stzai^t 
line  formulas  may  be  used  to  show  the  relation  of  the  efficiency  to  the  rate  of 
driving.  The  straight  line  formulas  corresponding  to  the  figures  for  ^e  several  kinds 
of  fuel  (with  an  error  lees  than  1  per  cent)  are  as  follows: 

Anthracite «- 84.7-1.05  (ir/5- J) 

Semlbltumtnoas £-83.0-Lia  ( TT/^-t) 

PIttsbarg  bltumlnoiw £-82.8-1.13(1179-1) 

nilnois  bituminous £-80.4-L29  ( ir/S-8) 

Lignite «-77^-1.4«(ir/S-3) 

VueloU Ji-82.0-0.77(ir/S-3) 

In  all  cases  the  efficiencies  given  are  the  maximum  obtainable  under  the  conditions 
stated.  They  assume  perfect  combustion  (except  in  the  four  cases  A,  B,  C,  D,  in 
which  the  gases  contain  GO)  no  loss  due  to  unbumed  hydrocarbon  gases,  to  leaks  of  air 
into  the  boiler  setting,  or  to  moisture  in  the  air,  a  moderate  loss  due  to  radiation 
(about  2i  per  cent  of  the  heating  value  of  the  fuel  when  the  boiler  is  driven  at  a  rate 
of  3  pounds  per  square  foot  of  heating  surface  per  hour,  and  one-half  of  this  when 
driven  at  a  6-pound  rate)  a  clean  boiler,  and  the  gas  passages  so  baffled  as  to  prevent 
short  circuiting  of  the  gases. 

In  the  best  modem  practice,  under  the  most  favorable  conditions,  the  highest 
efficiencies  given  in  the  tables  have  almost  been  reached.  A  few  tests  with  fuel 
oils  have  shown  figures  slightly  higher.  The  best  record  yet  obtained  with  coal  is 
that  of  the  best  10  out  of  16  tests  at  the  Delray  station  of  the  Detroit  Edison  Co.,  re- 
ported by  D.  S.  Jacobus  in  Transactions  of  the  American  Society  of  Mechanical  Engi- 
neers for  1911.  A  straight  line  drawn  through  the  plotting  of  ^ese  tests  corresponds 
to  the  formula 


E=81— 1.33  (^-«) 


The  reliability  of  the  general  formula  and  of  the  several  straight  line  formulas 
above  given  has  been  established  by  plotting  the  records  of  some  hundreds  of  boiler 
tests  in  which  the  analyses  of  the  gases  have  been  given.  All  the  tests  thus  far  studied 
have  failed  to  indicate  that  boiler  efficiency  has  any  relation  to  the  type  or  form  of 
boiler,  to  the  diameter  of  the  tubes  or  to  tiie  velocity  of  the  gases.  All  types  and 
proportions  of  boilers  have  given  efficiencies  that  are  very  close  to  the  maximum 
when  the  furnace  and  boiler  conditions  were  favorable  and  the  air  supply  properly 
regulated. 

The  most  important  conclusions  to  be  drawn  from  the  figures  in  the  above  tables 
is  that  idien  the  air  supply  is  excessive,  it  is  impossible  to  drive  a  boiler  at  a  rate 
exceeding  3  pounds  evaporated  per  square  foot  of  heating  surface  per  hour  without 
a  very  rapid  falling  off  in  efficiency,  but  that  when  the  air  supply  is  regulated  in  ac- 
cordance with  the  indications  of  the  analyses  of  the  gases,  so  as  to  keep  the  oxygen 
in  the  gas  within  the  limits  of  3  and  6  per  cent,  or  the  excess  air  in  the  neighborhood 
of  20  per  cent  of  that  theoretically  required  for  complete  combustion,  it  is  possible 
to  drive  a  boiler  to  the  extreme  rate  of  14  pounds  per  square  foot  of  heating  surface  per 
hour  with  a  falling  off  in  efficiency  of  less  than  1.5  per  cent  for  each  1  pound  increase 
in  the  rate  of  driving. 

In  conclusion,  we  may  tabulate  the  several  essentials  of  maximum  economy  in 
steam  power  plants  as  follows: 

1.  Laige  boiler  and  engine  units  and  rapid  driving;  saving  in  first  cost  of  installa- 
tion and  minimiring  the  losses  due  to  radiation  and  leakage. 

2.  Purchase  of  fuel  by  specifications,  and  fuel  analyses. 

3.  Mechanical  handling  of  coal  and  ash;  mechanical  stokers. 

4.  Very  laige  combustion  chamben  and  means  for  mixing  the  gases  with  the  air 
required  for  combustion. 
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5.  Gas  analyses,  and  controlling  the  air  supply  so  as  to  keep  the  oxygen  in  the 
gases  within  the  limits  of  3  and  6  per  cent. 

6.  Water  purification,  to  avoid  accumulation  of  scale  in  the  boilers. 

7.  Stesm  turbines,  high  steam  pressures,  superheating,  and  high  vacuum  to  insure 
maximum  economy  of  steam. 

8.  Complete  hourly  or  continuous  indications  and  recdtdu  ci  water  consumption  or 
of  steam  flow  from  each  boiler,  draft  pressures,  and  flue  temperatures,  in  order  that 
the  load  <m  the  several  boilers  in  a  plant  nuty  be  equalised  and  in  order  to  determine 
when  to  shut  down  one  or  more  boilers  in  times  of  light  loads. 

9.  High-class  technical  supervision  and  intelligent  and  well-paid  labor  in  the 
power  plant. 

All  of  these  essentials  for  maximum  ec<momy  are  now  found  in  most  of  the  large 
steam  plants  of  electric-light  and  power  stations,  and  the  resulting  economies  show  a 
vast  improvement  over  the  practice  of  20  years  ago.  Indeed,  so  hig^  is  the  efficiency 
of  theee  large  plants  that  the  margin  between  the  highest  theoretical  possibility  and 
the  present  practical  results  that  it  does  not  seem  probable  that  there  will  be  any 
important  improvement  in  many  years  to  come. 

In  small  plants,  600  horsepower  or  less,  the  improvement  in  practice  is  much  less 
noticeable.  Thousands  of  plants  are  still  mnnihg  with  the  same  equipment  that 
they  had  20  years  ago.  In  factory  plants  there  are  not  the  same  incentives  for  making 
improvements  as  there  is  in  electric-Ught  and  pow«r  stations,  for  the  total  annual 
expenditure  for  the  operation  of  the  factory  power  plant  is  usually  but  a  small  fraction 
of  the  expenditure  of  the  fiactory  as  a  whole,  and  the  possible  saving  due  to  the  intro- 
duction of  modem  machinery  and  methods  is  often  not  great  enough  to  warrant  the 
investment  of  capital  required  for  their  introduction.  In  designing  new  plants, 
however,  consideration  should  be  given  to  the  economies  that  may  be  effected  by 
installing  modem  imi»ovementB,  such  as  mechanical  stokers  with  overhead  coal  bins, 
large  combustion  chambers,  high-pressure  and  superheated  steam,  gas  analyses,  steam 
turbines  or  improved  types  of  reciprocating  eng^es,  such  as  the  ''Uniflow"  or  the 
"Locomobile.'' 

The  Chaibman.  Gentlemen,  this  paper  of  Mr.  Kent  is  before  you 
for  discussion. 

DISCUSSION  OF  WILLIAM  KENT^S  PAPER  *' ECONOMY  OP  STEAM  POWBB 
PLANTS,"    BY   CHANDLER   DAVIS.       (PEESENTED  IN  WBTTING.) 

Mr.  Kent  has  presented  in  his  paper  a  most  interesting  subject,  one 
of  vital  importance  to  all  plant  owners.  Every  saving  that  can  be 
made  in  a  factory  is  welcome,  and  frequently  the  boiler  room  is 
found  to  be  a  fertile  field  for  the  engineer.  Numerous  factories 
throughout  the  country  which  are  now  burning  coal  under  their 
boilers  could  be  operated  more  economically  with  a  liquid  fuel.  In 
spite  of  the  fact  that  a  saving  can  be  shown,  factory  engineers  and 
superintendents  are  loath  to  change  their  plants  over  to  oil-burning, 
even  in  cases  where  the  price  of  coal  is  high.  The  question  of  the 
cost  of  coal  must  be  considered;  it  may  be  so  low  that  liquid  fuel 
can  not  compete. 

If  we  assume  coal  at  $3.50  per  ton  of  2,240  pounds  and  the  ratio 
of  oil  to  coal  as  1  to  1.75,  then  fuel  oil  can  not  cost  more  than  90 
cents  per  barrel  of  42  American  gallons.    The  price  of  the  coal 
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includes  all  expenses,  such  as  freight  to  the  plant,  unloading  into  the 
bins,  firing,  and  the  final  disposition  of  the  ashes;  the  cost  of  the 
oil  is  the  total  cost  to  the  plant  of  the  oil  consumed  under  the  boilers. 
It  is  a  conceded  fact  that  oil  fuel  is  the  cleanest  and  most  eco- 
nomical fuel  in  use  at  the  present  time.  The  following  are  the  main 
reasons  why  this  is  so:* 

Its  calorific  value  is  30  per  cent  higher  than  high-grade  coal. 

It  is  less  bulky  than  coal. 

It  does  not  deteriorate  by  storage. 

Lower  temperature  in  boiler  room. 

Stack  area  60  per  cent  of  that  required  by  coal. 

Less  heat  lost  in  the  stack. 

Higher  efficiency — 1.  More  perfect  combustion.  2.  More  equal 
distribution  of  the  heat,  as  the  doors  do  not  have  to  be  opened.  3. 
Small  amount  of  soot  deposited  on  the  tubes. 

Increase  in  capacitv  oi  35  per  cent  to  50  per  cent  over  coal. 

Heat  is  easier  on  the  metal  surfaces,  more  easily  diffused  over  the 
entire  heating  surface  of  the  boiler.  The  intensity  of  the  fire  can 
be  increased  or  decreased  instantaneously.  It  can  be  extinguished, 
if  necessary,  and  immediately  lighted  again;  steam  can  be  gotten 
up  quickly.  A  pressure  of  150  pounds  can  be  obtained  withm  half 
an  hour  from  cold  water,  if  necessary.  A  steady,  practically  con- 
stant pressure  can  be  maintained  within  a  5-pound  total  variation, 
with  a  sudden  change  of  50  per  cent  in  load. 

No  smoke,  no  cleaning  of  fires,  lower  cost  in  handling  fuel,  no  dust, 
ashes,  clinkers,  etc.;  no  firing  tools,  less  shrinkage  and  loss  in  nandling, 
saving  of  labor,  firemen,  coal  passers,  ash  cleaners,  tube  blowers. 

Disadvantages. — Low  flash  point;  it  should  be  140°  F.,  which  is 
safe.  Ordinary  underwriter  and  city  requirements  specify  that 
storage  tanks  shall  be  placed  on  the  ground  and  at  least  30  feet  from 
nearest  building.  Bouers  using  feed  water  of  considerable  scale- 
making  Qualities  show  an  increased  cost  of  maintenance  on  chan^ng 
from  coal  to  fuel  oil,  owing  to  the  intense  temperature  developed  in 
the  furnace;  with  a  proper  setting  for  burning  oil,  repairs  due  to 
overheated  tubes  or  surfaces  should  be  less  than  with  coal  unless 
the  feed  water  is  very  bad. 

From  the  above  it  will  be  seen  that  the  chief  disadvantage  seems 
to  be  that  fuel  oil  can  only  be  stored  in  a  manner  satisfactory  to  the 
city  officials  and  the  board  of  fire  underwriters;  as  every  garage  has 
to  contend  with  this  same  restriction,  it  can  hardly  be  considered  a 
serious  one. 

The  objection  raised  imder  the  last  disadvantage  which  refers  to 
the  water  need  hardly  be  considered,  as  such  water  as  described 
would  give  considerable  trouble,  no  matter  what  fuel  is  being  burned. 

The  entire  system  of  feeding  fuel  into  furnaces  must  be  changed  if 
a  liquid  fuel  is  to  be  used.    Oil  is  handled  entirely  by  pumps.    The 

>  "Oil  Fuel  for  8t«am  BoSkn,"  by  B.  R.  T.  CoUlnt,  Transactions  American  Society  Mechanical  En 
flneers. 
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following  is  an  estimate  of  the  cost  of  installing  an  oil-burning  equip- 
ment in  a  plant  assumed  to  develop  3,000  brake  horsepower  hour. 

Two  10,000-barrel  tanks  and  two  500-barrel  tanks  erected, 

complete  with  roofs $6,000 

Two  oil  pumps,  complete 600 

Two  fuel-oil  meters 200 

Oil  burners,  oil  heaters,  piping,  fittings,  incidentals,  etc 700 

Labor  of  all  kinds..- 500 

Total  estimated  cost 7,900 

Say,  $8,000. 

Assuming  each  year  to  have  300  days,  the  following  must  be  added 
to  the  cost  of  running  the  plant:  Interest  on  the  cost  of  the  fuel- 
burning  installation  at  6  per  cent  equals  $480  per  year;  to  this  add 
about  90  cents  per  day  for  repairs  and  deterioration  and  the  total 
cost  per  day  of  the  installation  is  about  $2.50  per  day,  or  about  i  cent 
per  100  horsepower  developed. 

In  certain  localities  it  would  be  economical  to  install  oil  as  fuel, 
and  imdoubtedly  such  plants  will  eventually  change  from  coal  to 
liquid  fuel;  the  change  will  be  slow  in  coming,  probably  not  until 
the  oil  market  reaches  a  more  stable  condition  than  it  has  now,  and 
the  oil  companies  are  willing  to  grant  long-time  contracts. 

Mr.  Adams.  Mr.  Chairman  and  gentlemen,  the  paper  appears  to  me 
to  deal  with  the  subject  almost  entirely  from  the  view  of  large  plants. 
Most  of  my  work  is  in  connection  with  comparatively  small  plants* 
We  do  not  have  the  class  of  employees  to  maintain  everything  at 
the  standard  that  we  would  like  to  see  maintained.  We  can  not  get 
the  best  out  of  the  fuel.  Local  conditions  govern  in  many  places. 
In  burning  fuel,  your  combustion  chamber  must  be  large.  This  point 
IB  fundamental. 

Not  quite  enough  advantage  is  given  to  the  oil  fuel.  The  best 
efficiencies  in  testing  work  that  we  have  ever  had  in  coal  burning 
are  about  78  per  cent,  whereas  for  oil  burning  we  have  had  tests  that 
showed  as  high  as  82  per  cent.  With  oil  burning  you  can  maintain 
continuously  a  much  higher  efficiency  than  you  can  with  the  ordinary 
firing  with  coal. 

The  statement  that  the  quantity  of  three  to  five  barrels  of  oil  is 
equivalent  to  a  ton  of  coal  seems  to  me  to  be  excessive.  In  the  small 
plants  there  are  some  things  like  the  differential  gauge  for  maintain- 
ing your  difference  in  draft  between  the  ash  pit  and  the  fire  box. 
I  bdieve  they  call  it  an  efficiency  meter,  and  I  have  seen  it  used  with 
very  good  success.  The  fireman  soon  learns  what  it  is  and  is  able  to 
watch  it. 

In  regard  to  boilers,  there  are  some  places  along  the  seacoast 
where  there  is  so  much  salt  in  the  water  that  it  almost  puts  a  boiler 
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out  of  commission.  In  the  interior  we  have  the  hard  waters,  and  we 
have  to  use  the  softening  plants.  In  some  places  we  get  add  water. 
Even  in  Washington  the  water  shows  free  acid  at  times,  and  there 
is  one  plant  that  had  a  bill  of  repairs  of  $15,000  for  replacing  tubes 
due  to  bad  water.  If  they  had  put  in  enough  soda  ash  or  lime  to  keep 
this  water  alkaline,  that  expense  would  have  been  saved. 

Mr.  Maurice  Deutsch.  Mr.  Chairman,  it  strikes  me  as  quite 
significant  that  such  an  eminent  authority  as  Dr.  Kent  should  have 
laid  particular  stress  at  this  time  upon  the  present  efficiency  to  be 
attained  in  large  power  plants,  and  have  said  nothing  about  the  possi- 
bility of  expecting  any  increase  in  the  present  efficiency  in  the  small 
power  plant.  With  the  increased  tendency  toward  the  centraliza- 
tion of  large  power  plants,  less  attention  has  been  given  to  the  devel- 
opment of  the  smaller  units.  It  appears  that  there  is  little  encour- 
agement for  the  small  plant  except  where  the  cost  of  fuel  is  low. 
This  is  due  not  only  to  the  fact  that  greater  economies  can  be  effected 
in  the  operation  of  a  large  plant  where  purchases  are  made  in  such 
large  quantities  that  discoimts  are  available,  but  to  a  large  extent  to 
the  fact  that  the  large  plant  can  afford  to  employ  more  experienced 
and  higher  paid  operatives  than  the  smaQer  unit,  making  it  possible 
to  produce  better  results  in  the  operation  of  the  large  plant. 

No  matter  what  kind  of  fuel  may  be  used,  imless  well  trained 
attendants  are  available  so  that  you  can  rely  on  them  to  get  the  most 
out  of  a  plant,  it  is  futile  to  expect  very  much  in  the  way  of  efficiency. 
Education  and  a  better  system  of  apprenticeship  than  we  now  have 
in  this  coimtry  is  essential,  if  we  are  to  expect  any  increase  in  the 
present  efficiency  of  our  power  plants.  One  of  the  things  that 
impressed  me  very  much  in  my  investigation  abroad,  was  the  won- 
derful development  of  the  system  of  vocational  education  and 
apprenticeship,  which  has  developed  apprentices  and  experienced 
mechanics  in  every  branch  of  mechanical  work. 

It  is  because  of  the  continued  increase  in  the  cost  of  operating 
steam  power  plants  that  a  greater  impetus  has  been  given  to  the 
development  of  other  sources  of  power.  State  and  Federal  legis- 
latures and  organizations  throughout  the  country  are  at  the  present 
time  engaged  in  a  very  active  campaign  to  develop  the  water  powers 
of  this  country  in  order  that  by  reason  of  cheaper  power  the  cost  of 
industrial  operations  will  be  materially  reduced  to  meet  the  increase 
in  foreign  competition  in  some  of  our  important  industries. 

The  Chairman.  Are  there  others  who  wish  to  contribute  to  the 
discussion  ? 

Mr.  Karapetoff.  Mr.  Chairman,  may  I  refer  to  one  or  two  points 
in  regard  to  the  electrical  side  of  the  question.  The  efficiency  of  the 
steam  equipment  largely  depends  upon  the  possibility  of  carrying 
somewhere  near  the  rated  load.     Where  this  can  not  be  achieved,  the 
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efficiency  of  the  Bteam  syBtem  goes  down  with  the  best  apparatus  and 
with  the  best  control.  Of  course,  you  look  to  the  electrical  man  to 
see  to  it  that  the  load  be  maintained.  One  solution  that  is  found  to 
be  advantageous  lies  in  interconnecting  power  plants,  steam  operated 
and  hydraulically  operated,  and  in  interchanging  power  among  them 
as  the  load  conditions  may  require. 

We  are  facing  another  situation  where  the  load  factor  is  low,  and 
that  is  in  the  coming  electrification  of  steam  roads.  Where  hydraulic 
power  is  not  available  and  where  coal  is  cheap,  electrification  is 
possible  even  by  using  coal  for  fuel,  as,  for  instance,  in  the  recent 
electrification  of  the  Norfolk  &  Western  Railroad.  But  the  load 
factor  is  very  low,  and  the  problem  b  either  to  increase  this  load 
factor  by  some  unknown  means,  or  else  to  make  the  steam  part  of  the 
equipment  so  flexible  that  it  may  adjust  itself  readily  to  the  fluctu- 
ations of  the  load.  Perhaps  in  time  the  steam  men  will  learn  to 
design  their  equipment  as  we  design  transformers,  in  which  the 
efficiency  remains  nearly  a  horizontal  straight  line  from  a  quarter  of 
a  load  to  a  load  and  a  half. 

Mr.  Kent  compared  oil  and  coal.  There  are  cases  where  oil  is 
selected,  even  if  it  is  not  as  economical  as  coal,  and  that  is  for  emer- 
gency plants  which  operate  in  parallel  with  water-power  plants — 
for  instance,  in  the  northern  part  of  New  York  State,  where  the 
power  is  furnished  from  Niagara  Falls.  That  particular  kind  of 
coimtry  suffers  a  great  deal  from  lightning  storms  which  seem  to 
come  from  the  north  or  south.  The  transmission  line  extends  from 
the  west  to  the  east  and  so  is  exposed  to  the  full  blast  of  the  storms. 
The  power  plants  at  Niagara  Falls  furnish  power  to  such  important 
centears  as  Syracuse  and  Rochester,  and  there  is  a  stipulation  of  very 
high  penalty  for  any  interruption  over  one  minute.  While  they  have 
a  double-transmission  line  when  a  severe  storm  comes  there  is  but  a 
fraction  of  a  second  between  the  time  it  strikes  line  1  and  the  time 
it  strike  line  2 ;  so  they  might  just  as  well  have  a  dozen  lines  in  parallel. 
The  company  was  finally  forced  to  install  at  least  one  emergency 
steam  plant. 

I  am  not  f amiUar  with  the  situation  at  the  present  time,  but  a  few 
yeiurs  ago  the  contract  referred  to  stipulated  certain  penalties  for 
every  interruption  of  one  minute  and  over,  so  that  you  can  readily 
see  how  important  it  was  to  have  this  steam  plant  so  designed  as  to 
be  able  to  pick  up  steam  immediately.  This  was  achieved  by 
using  oil  burners  and  keeping  one  boiler  imder  steam  all  of  the  time. 
The  boilers  are  int'Crconnected  so  that  this  steam  keeps  the  water  hot 
in  the  other  boilers;  in  an  emergwicy  it  is  simply  necessary  to  light 
the  oil  burners. 

The  Chairman.  Are  there  others  who  wish  to  contribute  to  the 
discussion  1    Col.  Plunkett,  will  you  say  something  about  this  matter  t 
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Mr.  Plunkett.  The  chairman  has  perhaps  called  on  me  because  at 
luncheon  to-day  we  were  talking  over  some  power  plants  in  various 
countries  and  on  the  subject  of  fuels,  and  there  came  to  my  mind  an 
experience  in  Russia  some  years  ago  near  the  city  of  Moscow,  where 
there  was  a  large  textile  plant  employing  some  10,000  people,  and  where 
the  furnaces  were  equipped  for  the  burning  of  oil  and  coal.  It  was 
found  after  many  years  of  experience  that  they  could  bum  an  English 
coal  at  $8  a  ton,  a  German  coal  at  $5  a  ton,  a  Russian  coal  at  $2 
a  ton,  or  Russian  oil  at  3 J  cents  per  gallon,  all  at  about  the  same 
cost  per  horsepower.  The  great  variation  in  the  values  of  these 
fuels,  I  presume,  is  what  led  the  chairman  to  speak  of  that  incident. 

The  Chairman.  We  have  next  on  the  program  an  address  by 
Mr.  E.  B.  McCormick  Chief  of  the  Division  of  Rural  Engineering, 
United  States  Department  of  Agriculture,  on  the  subject  of  ** Agri- 
cultural implements  and  machinery."  I  take  pleasure  in  announc- 
ing that  Mr.  Betts,  in  the  absence  of  Mr.  McCormick,  has  kindly 
consented  to  present  his  paper. 


agricultural  implements  and  machinery. 

By  E.  B.  Mccormick, 

Chief  Divinon  of  Rural  Engineering y  Office  of  Public  Roads  and  Rural  Engineering, 
United  States  Department  of  Agriculture, 

Agricultural  machinery  as  a  whole  may  be  separated  into  four  heads:  Those  machines 
used  (1)  in  tilling  the  soil,  (2)  in  harvesting  the  crops,  (3)  in  thrashing  and  storing 
it,  and  (4)  in  transportation. 

While  a  study  of  the  evolution  of  this  class  of  machinery  is  most  interesting  and 
is  inclusive  of  a  good  bit  of  the  history  of  man,  it  b  necessarily  beyond  the  scope  of 
this  paper.  It  leads  us  down  the  centuries  from  the  use  of  the  crooked  stick  to  loosen 
the  soil  and  cover  the  seed  to  the  use  of  the  combined  reaper,  binder,  and  thrasher 
of  to-day. 

The  improved  methods  of  separating  iron  from  its  ores  have  cheapened  its  cost  of 
production,  thus  leading  to  its  extended  use  in  the  manu&u:ture  of  agricultural 
machinery.  Without  this  ^tor  agricultural  machinery  as  we  know  it  to-day  would 
not  have  been  possible. 

The  improvised  wooden  plow  had  its  point  shod  with  iron  and  its  moldboard  rein- 
forced with  iron  strips,  but  eventually  the  most  efficient  types  of  moldboard  and  share 
were  ascertained  by  mathematical  laws,  and  the  more  important  parts  of  the  plow  were 
made  of  metal.  The  plow  reached  its  hi^est  development  in  the  arid  Western 
States,  where  the  share  and  moldboard  were  replaced  by  a  concave  disc.  The  use 
of  the  disc  plow  enabled  the  farmer  to  break  up  Und  so  hardened  by  excessive  drought 
that  the  moldboard  plow  had  little  e£fect  upon  it. 

But  the  mere  breaking  up  of  the  soil  is  not  sufficient  properly  to  prepare  the  bed 
for  the  reception  of  the  seed.  It  is  necessary  to  pack  the  subsurface  and  pulverize 
the  top  sur^e  to  conserve  the  moisture  and  to  provide  easy  penetration  for  the  tender 
rootlets  of  the  growing  plant.  Primitive  methods  of  soil  cultivation  consisted  of 
dragging  a  small  tree  or  a  branch  over  the  surface  to  pulverize  the  top  soil.    Later 
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wooden  frmmee  with  iron  teeth  were  used  and  still  later  the  wooden  frames  were 
replaced  by  those  of  iron  with  teeth  mounted  with  q[>ring8,  or  by  the  substitution  of 
ffolUng  discs. 

Early  methods  of  seeding  were  to  scatter  the  seed  broadcast,  then  to  cover  it  by 
means  of  the  implements  used  in  the  preparation  of  the  seed  bed.  In  time  machines 
were  developed  for  mechanically  scattering  the  seeds  and  finally  for  combining  both 
mechanical  operations.  For  those  grains  which  needed  cultivation  during  the  period 
of  growth  the  seed  was  planted  in  drills  or  hills  and  the  listers  and  check-row  planters 
in  their  present  form  were  developed .  The  present-day  cultivators  are  a  modified  t3rpe 
of  harrow,  the  implement  used  in  the  preparation  of  the  seed  bed. 

DEVELOPMENT. 

• 

It  is  a  far  cry  from  the  old  Gallic  harvester  with  its  wooden  cart  body  to  the  com- 
bined harvester  and  thrasher  in  use  in  Australia  and  Califomia  to-day,  but  it  exhibits 
the  degree  of  evolution  harvesting  machines  have  undeigone.  The  use  of  this  latt«r 
machine,  however,  is  limited  to  those  regions  where  the  climatic  conditions  are  such 
that  the  grain  ripens  and  cures  standing.  Headers  alone  are  used  to  a  limited  extent 
in  some  localities  of  other  Western  States. 

To-day  we  find  in  use  in  our  Southern  States  (or  the  harvesting  of  pasture  grass  seed 
the  two-wheeled  cart  with  a  wooden  comb  mounted  on  its  front  edge,  which  pulls  off 
the  ripened  seed  and  collects  it  in  a  shallow  box. 

The  invention  by  Hussey,  in  1833,  of  a  reciprocating  knife  blade,  working  through 
ftnger  guards,  marks  an  epoch  in  the  evolution  of  all  reaping  machinery.  Other  inven- 
tors in  England  had  done  pioneer  work,  but  because  of  cheap  labor,  they  lacked  the 
incentive  which  drove  American  inventors  to  bring  the  reaper  to  its  highest  perfection. 
Combining  the  Hussey  cutting  apparatus  with  the  reel,  the  elevating  apron,  and  Uie 
knotter,  we  have  the  modem  self-binder  for  grain.  The  most  recent  development  has 
been  to  mount  a  light  internal-combustion  motor  on  the  main  frame  for  operating  the 
cutting  and  binding  mechanisms,  leaving  only  the  labor  of  transportation  to  be  done 
by  boTBes. 

Primitive  man  thrashed  his  com  by  beating  it  in  a  receptacle  or  by  treading  it  out 
of  the  straw  on  a  hard  surface  under  his  own  feet  or  those  of  animals.  He  separated 
the  grain  from  chaff  by  throwing  it  into  the  air,  the  chaff  being  winnowed  out  by  the 
wind.  Later  he  hit  upon  the  device  of  a  short  club  attached  to  a  slender  stick  by 
leather  thongs  with  which  he  beat  the  grain  from  the  straw.  This  implement,  the 
flail,  was  in  general  use  up  to  the  time  the  reaping  machine  made  its  appearance. 
About  the  middle  of  the  eighteenth  century  a  thrashing  machine  had  been  devised  in 
England,  but  here  again,  owing  to  the  cheap  farm  labor,  the  lack  of  incentive  retarded 
its  development,  and  it  remained  f(Hr  American  ingenuity  to  perfect  it  as  the  modem 
machine  of  to-day  which  cuts  the  bands,  feeds  the  grain  into  the  machine,  thrashes  it 
from  the  straw,  separates  it  from  its  chaff,  and  weighs  and  tallies  it,  all  automatically; 
and  which  also  stacks  the  straw  and  requires  on  the  whole  a  minimum  of  human  labor 
iar  its  operation. 

The  latter  part  of  the  eighteenth  century  also  witnessed  the  successful  i4)plication 
of  steam  for  the  generation  of  power.  It  is  significant  that  it  was  in  the  Americas  that 
the  modem  stedm  tractor  was  developed  from  the  locomotive  type  and  found  its  early 
application  to  farm  purposes.  With  the  development  of  the  internal-combustion 
motcMT,  two  types  of  gas  tractors  have  appeared.  One  developed  along  the  lines  of  the 
steam  locomotive  type,  the  other  along  the  Unes  of  the  automobile. 

In  the  present  stage  of  development  of  agricultural  machinery,  radical  changes  in 
fundamental  design  are  a  remote  possibility.  Much,  however,  remains  to  be  done  for 
both  self-propelled  and  animal-drawn  machinery  through  the  application  of  those 
piractices  which  have  advanced  other  lines  of  mechanical  endeavor,  namely: 
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The  U0e  of  alloy  steel  for  0te«ngth  and  of  aluminum  castingB  tot  rigidity,  in  order  to 
cut  down  dead  weight;  the  broader  application  of  the  more  imim>ved  types  of  bearings; 
better  means  of  lubrication;  provision  of  wearing  adjustments  to  enable  the  machinery 
to  be  operated  at  its  mairimum  efficiency  with  the  minimum  of  power— in  ehori,  the 
building  of  an  increased  number  of  yean  of  life  into  the  machinery  in  order  to  cut  down 
the  average  cost  per  acre  of  machine  operation. 

It  is  not  necessary  to  tolerate  crude  and  inefficient  mechanical  devices  on  the  plea 
of  gaining  in  simplicity  of  construction  and  operation,  for  the  avenge  farmer  of  to-day 
is  a  far  better  mechanic  than  the  best  mechanics  of  Hussey's  time. 

STAND  ABDIZATION . 

Although  with  the  application  of  Improved  mechanical  principles  and  modem 
maiterials  of  construction  tiie  first  cost  <rf  agricultural  machinery  is  naturally  increased^ 
this  initial  cost  can  be  greatly  offset,  if  not  to  a  large  extent  entirely  eliminated,  by  the 
process  of  standardization  of  machines  and  their  parts.  Standardisation,  factory 
oiganisati<m,  and  accurate  systems  of  cost  accounting  have  brought  down  the  cost  to 
the  user  of  various  other  types  of  machinery,  and  the  same  should  hold  true  in  regard  to 
machinery  for  agricultural  purposes.  The  individual  who  demands  a  type  differing 
from  certain  standards  should  of  course  expect  to  pay  for  this  variation  and  not  expect 
this  increased  cost  to  be  shifted  upon  those  who  have  no  interest  in  machinery  which 
does  not  conform  to  those  standards. 

M(H:eover,  standardization  is  of  the  utmost  impcvtance  to  the  user.  Machinery  of 
the  same  type  but  built  by  different  manufacturers  must  of  necessity  retain  more  or 
less  individuality  in  the  application  of  minor  features,  but  for  those  features  common 
to  all  there  diould  be  a  uniform  standardization  whereby  absolute  interchangeability 
of  parts  in  the  different  makes  of  machines  might  be  secured.  This  is  particularly 
desirable  from  the  standpoint  of  the  user  who  may  have  available  more  than  one  make 
of  a  certain  machine,  so  that  in  case  of  accident  tiie  broken  part  may  be  replaced  from 
a  machine  not  in  use,  in  order  to  keep  the  other  in  service. 

It  is  generally  considered  that  the  profits  in  supplying  repair  parts  for  specific 
machines  aro  uncertain,  hence  this  feature  of  availability  for  repairs  would  increase 
these  profits  through  encouraging  a  mora  extended  use  of  such  standard  machines. 
Moreover,  this  practice  would  not  stifle  invention  or  development,  but  would  recognize 
the  useless  idea  of  types  whose  essential  parts  vary  from  each  other  by  trifling  amounts. 
On  the  other  hand^  it  is  claimed  that  in  certain  instances  the  principal  profits  lie  in  the 
furnishing  of  ropairs.  If  this  is  true,  it  is  certainly  an  undesirable  condition.  The 
custom  has  grown  up  of  using  such  special  products  in  certain  lines  of  implement 
manufacture  that  the  user  must  call  on  the  factory  for  all  ropairs.  Some  limited  efforts 
have  been  made  to  overcome  this  custom,  and  we  now  see  machines,  which,  though 
under  different  names,  yet  aro  probably  in  most  cases  built  under  one  general  organize^ 
tion,  and  with  many  parts  int^changeable.  In  contrast,  there  aro  some  cases  where 
qpparontly  every  effc^  is  made  to  keep  ropair  parts  as  far  from  standard  as  it  is  possible 
to  do,  even  to  the  use  of  threads,  etc. ,  that  not  only  are  not  standard  but  aro  lees  adapted 
for  the  place  than  the  standard  would  be. 

As  an  example  of  the  effect  of  nonstandardization  upon  the  manufacturer,  take  the 
case  of  farm  wagons.  The  general  design  is  the  same  for  all  manufactorera  but  by 
varying  the  oombinatkm  of  width  of  tread  and  tiro  and  diameter  of  wheel,  they  are 
compelled  to  carry  in  stock  patterns,  jigs,  and  templates  for  as  many  as  50  different 
types,  while  recent  investigations  have  shown  that  at  the  most  10  would  be  sufficient 
to  cover  the  maj(ffity  of  cases.  This,  in  its  last  analysis,  simply  means  that  the  con- 
sumer must  pay  the  laige  overiiead  cost  which  is  included  in  the  price  he  pays  for  the 
product.  If  those  types  which  diffor  fnmi  certain  recognised  standards  were  com- 
pelled to  carry  their  proportionate  sharo  of  this  overhead  burd^,  it  would  resolt  in 
the  discontinuance  of  their  use. 
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Much  good  work  has  been  done  alaag  this  line,  especially  by  manniactciren  of 
specialties,  in  c<»njunction  with  the  engineering  societies  in  the  standardization  ol 
bolts  and  screw  threads,  but  more  extenrive  api^ication  of  these  standards  is  needed. 

However,  it  is  not  recommended,  nor  is  it  desirable,  that  all  agricultural  impl^ 
ments  ol  a  given  type  be  identical  in  design  and  construction.  No  matter  how  weU 
devebped  a  certain  type  may  be  at  the  present  day,  there  is  always  room  for  improve 
ment,  and  this  improvement  can  be  gained  only  by  encouragement  of  individuality. 

BFFiaBNOY. 

One  problffln  of  to-day  is  whether  the  machine  does  its  designated  wcnrk,  not  only 
effectively,  but  efficiency.  More  detailed  inf(»mation  is  needed  as  to  the  efficiency 
of  the  transmisBLon  <A  motion  and  power  in  different  types  of  mechanical  devices.  In 
the  determinatlQn  of  the  minimum  amount  of  power  lequired  to  propd  and  opeiate 
agricultural  machinery  lies  a  field  almost  totally  unexplored.  The  advent  of  niotcf<» 
operated  fann  machinery  is  now  demanding  more  detailed  information  along  this  line. 

It  is  generally  recognized  to-day  that  to  be  profitable,  farming  operations  must  be 
carried  out  on  a  comparatively  large  scale  as  in  manufacturing,  and  that  while  a  cer- 
tain amount  oi  diversity  is  necessary  to  provide  crop  rotation  for  fertilizatioA  and 
restoration  purposes,  yet  the  successful  farmer  is  the  one  who  concentrates  his  eaec^ 
gies  on  some  particular  production.  The  tendency  is  to  an  increase  in  the  size  ol 
farms  rather  than  a  decrease,  and  while  there  will  always  be  a  certain  number  of  one 
or  two  man  farms,  it  is  vary  probable  that  the  relative  number  of  such  hnxm  will 
decrease. 

The  scarcity  of  isnm  labor  necessitates  the  employment  of  a  certain  amount  of  fazm 
machinery,  and  although  the  smaller  the  holding  the  laiger  the  machinery  cost  per 
acre,  this  may  within  certain  limits  be  met  by  more  intensive  methods  of  cultivation. 
Yet  it  must  be  remembered  that  with  the  aid  of  modem  agricultural  machinery  the 
present  one-man  farm  represents  a  holding  three  to  four  times  as  large  as  that  of  50 
yean  ago. 

DBPRBaATION. 

In  the  factory  the  fact  that  most  of  the  machines  are  intended  for  daily  use  makes 
it  comparatively  easy  to  figure  returns  and  depreciation  on  the  individual  machine, 
nHiich  enables  the  manufacturer  to  approximato  very  closely  the  amount  he  will  be 
justified  in  spending  on  any  given  machine.  On  the  farm,  however,  the  machinery 
is  used  but  a  very  small  portion  of  each  year,  and  there  entors  into  the  problem  the 
fatctor  of  comparatively  large  overhead  for  carrying  the  machines  during  the  idle 
season,  and,  further,  the  probability  of  improvements  being  made  which  will  render 
a  particiilar  machine  out  of  date  long  before  it  is  worn  out.  Because  the  days  id 
operation  are  so  few  in  number  it  is  necessary,  in  order  to  reduce  the  unit  cost,  to  work 
a  machine  at  its  maximum  efficiency  during  the  time  it  is  in  use.  It  is  very  probable 
that  the  average  agricultural  implement  could  be  used  from  two  to  six  times  as  many 
days  in  the  year  as  it  now  is  and  not  wear  out  any  sooner  than  it  does.  The  successful 
manufacturer  does  not  hesitate  to  scrap  a  machine,  though  it  is  still  in  first-class  work- 
ing condition,  when  an  improved  article  is  placed  on  the  market  that  will  enable  him 
to  turn  out  his  product  faster  and  at  lower  cost  per  unit.  But  for  the  farmer  this  prob- 
lem is  more  difficult  to  solve,  particularly  as  an  improved  model  is  very  likely  to 
appear  on  the  market  some  time  before  his  present  machine  has  paid  for  itself.  If  he 
scraps  the  old  machine  he  is  losing  a  certain  sum;  if  he  fails  to  do  so  he  may  be  per* 
forming  his  operations  at  a  cost  considerably  above  that  of  his  competitors.  The  fact 
that  the  farmer  does  have  this  problem  to  meet  raises  the  question  as  to  the  economy 
of  providing  shelter  and  protection  for  farm  implements  while  they  are  idle.  If  they 
are  soon  to  be  scraped,  is  it  worth  while?  There  is  no  doubt  that  an  implement 
properly  sheltered  during  the  idle  season  wiU  last  several  times  as  long  as  one  left 
standing  exposed  in  field  corner,  and  on  which  no  protective  painting  or  grease  coat^ 
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ing  has  been  done.  The  cost  of  laying  by  and  storing  idle  machinery  must  be  con- 
sidered in  any  S3nBtem  of  accoimting  as  a  pKNrtion  of  the  overhead  carried  by  those 
machines.  Where  the  machine  will  probably  be  used  for  several  seasons,  it  is  gen* 
erally  conceded  that  the  expense  of  adequate  care  is  a  proper  one. 

On  a  small  farm  the  amount  of  machinery  which  can  be  used  economically  is  nec- 
essarily limited  because  of  the  few  working  hours  for  any  one  machine,  while  on 
large  farms  the  amount  of  machinery  will  constantly  increase  as  will  the  number  of 
types  in  use. 

THE  TRACTOR. 

The  type  of  agricultural  machinery  that  is  now  undergoing,  perhaps,  the  most 
rapid  development  is  that  of  the  gas  tractor.  The  first  of  these  machines  was  designed 
in  large  sizes  for  the  purpose  of  plowing  on  a  large  scale  and  for  other  extensive  opera- 
tions. While,  in  a  number  of  instances,  these  large  machines  proved  to  be  profitable 
investments,  there  were  instances  where  they  never  should  have  been  used,  and  where 
their  very  size  and  first  cost  made  it  impossible  for  them  to  give  returns  on  the  invest- 
ment. The  difficulty  in  handling  them  in  any  but  the  very  largest  areas,  the  number 
of  days  in  the  year  during  which  they  laid  idle,  and  the  awkwardness  of  using  them 
for  operations  requiring  but  little  power,  limited  their  field  very  materially.  The 
tendency  to-day  is  to  go  to  the  smaller  sizes  and,  if  necessary,  to  employ  two 
tractors  of  medium  size  rather  than  one  unduly  large.  This  policy  has  resulted 
in  greatly  extending  the  tractor's  field  of  use,  and  has  prompted  manufacturers 
so  to  design  the  tractor  that  its  effective  uses  may  be  appreciably  increased. 
In  the  opinion  of  many,  some  manufacturers  have  gone  to  the  extreme  of  mak- 
ing sizes  smaller  than  are  economically  profitable.  Undoubtedly,  many  very 
poorly  designed  and  poorly  constructed  machines  have  been  put  on  the  market,  but 
this  is  likely  to  be  the  case  in  the  development  of  any  industry,  and  it  was  noticeably 
so  with  regard  to  the  automobile.  The  manufacturers  of  these  latter  machines,  how- 
ever, are  approaching  very  closely  to  standards  in  design  and  construction,  and  to 
.  a  great  extent  in  parts.  There  is  every  reason  to  believe  that  the  tractor  industry  will 
soon  arrive  at  an  equally  desirable  point.  The  users  of  the  tractors  will  learn  to  judge 
the  machines  from  their  periormance,  not  in  the  hands  of  experts,  but  of  average  users . 
Certain  types  will  become  standardized  and  the  selection  made  on  the'same  basis  that 
it  now  generally  is  for  automobiles,  viz,  that  of  performance  and  the  consequent  re- 
turns to  be  expected  from  the  investment. 

In  the  case  of  many  iurm  implements  which  are  still  in  the  development  stage, 
notably  in  the  case  of  tractors,  there  wiU,  of  course,  be  wide  variances  for  some  time  to 
come.  While  many  features  have  been  standardized,  there  are  many  more  that 
could  be.  In  the  evolution  of  the  tractor  two  distinct  types  are  concerned.  In  the 
one  case  the  designer  started  with  the  steam  locomotive  as  a  basis  and  attempted  to 
modify  it  for  use  on  ordinary  country  roads  and  in  fields.  The  principal  development  of 
the  steam  tractor  was  along  these  lines,  as  was  the  first  work  done  in  connection  with 
the  gas  tractor,  which  consisted  of  an  attempt  to  adopt  into  a  complete  unit  the  sta- 
tionary type  of  gas  engine  and  the  steam  tractor  running  gear.  Until  a  very  few  years 
ago,  this  type  was  the  prevalent  one  in  gas  tractors.  Of  recent  years,  however,  many 
designers  have  started  with  the  automobile  as  a  basis  and  have  attempted  to  bring 
out  a  machine  of  the  automobile  type  but  sufficiently  modified  to  exert  greater 
tractive  power  at  lower  speeds  and  to  be  available  for  belt  work  when  desired.  The 
result  will  be  the  adoption  of  one  or  the  other  of  these  forms,  or  a  composite  outfit 
embodying  the  best  features  of  each.  It  is  probable  that  eventually  tractors  wiU 
be  limited  to  the  three  or  four  sizes  that  experience  has  shown  to  be  best  adapted 
for  general  toming  operations,  and  that  each  size  will  have  two  or  more  types  designed 
to  meet  certain  specific  conditions.  The  rapid  progress  made  in  the  last  few  years 
indicates  that  some  such  solution  is  near. 
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TRANSPORTATION . 

The  problem  of  transportation,  as  applied  to  farm  products,  is  intimately  associated 
with  that  of  improved  roads.  At  present  motor  transportation  of  farm  products  is 
in  the  infant  stage  and  is  practically  limited  to  those  sections  where  improved  roads 
are  prevalent,  and  to  those  products  which  must  be  gotten  to  market  quickly. 

The  high  cost  of  small  motor  trucks  has  retarded  their  general  use  for  the  tiuns- 
portation  of  the  common  farm  products,  but  with  the  development  of  t^e  automc^ile 
and  the  lower  prices  for  smaller  sized  cars,  the  demand  for  a  light,  cheap  truck  has 
increased.  It  is  safe  to  prophesy  that  the  next  few  years  will  see  important  develop- 
ments along  this  line. 

For  those  sections  comparatively  distant  from  railroad  connections,  and  with  light 
road  gradients,  the  combination  of  a  light  truck  with  trailer  units  should  find  increased 
favor  for  the  solution  of  the  transportation  problem. 

It  has  been  found  by  experimental  investigations  that  the  hauling  capacity  of 
trucks  may  be  practically  doubled  by  the  addition  of  trailer  units  without  materially 
increasing  the  cost  of  operation.  It  is  significant  that  a  ton  of  farming  products  may 
be  hauled  by  rail  nearly  42  miles  as  against  I  mile  for  wagon  transportation  over  country 
roads,  and  the  time  consumed  in  transit  reduced  by  approximately  85  per  cent. 

The  Chairman.  Gentlemen,  the  paper  is  before  you  for  discussion. 

Mr.  Karapetoff.  Mr.  Chairman,  one  difficulty  in  using  a  large 
tractor  is  that  you  can  not  plow  around  corners,  so  that  you  either 
have  to  have  a  separate  plow  with  a  single  horse  to  plow  the  comers, 
or  leave  the  comers  out.  This  is  an  engineering  problem  that  I  think 
awaits  a  solution.  Those  who  hke  geometrical  puzzles  may  puzzle 
out  how  to  divide  the  surface  of  the  earth  into  farms  with  roimded 
comers. 

Mr.  Plunkett.  I  would  like  to  inquire,  Mr.  Chairman,  being 
wholly  ignorant  of  the  agricultural  vocation,  whether  there  has  been 
great  difficulty  in  using  these  tractors  on  the  soil  of  our  western  farms. 
One  cotton  picker  was  used  in  connection  with  an  automobile,  and 
the  picker  was  a  good  one.  It  would  pick  cotton  thoroughly,  and 
would  leave  the  immature  bolls.  It  worked  splendidly  from  a  me- 
chanical standpoint,  but  in  going  over  the  soft  groimds  of  the  south 
after  a  rain,  the  automobile  plimged  one  way  and  the  other,  and  it 
was  impossible  to  keep  it  on  an  even  keel  to  operate  as  it  did  when  the 
groxmd  was  hard.  I  have  wondered  whether  in  the  West,  in  the 
wheat  and  com  districts  of  the  coimtry,  they  have  had  very  much 
difficulty  in  running  their  tractors  on  accoimt  of  their  weight  ? 

Mr.  Adams.  I  think  you  probably  have  the  same  trouble  that 
the  Army  are  having  in  their  tractor  proposition.  They  are  getting 
away  from  that  by  means  of  a  four  wheel  drive  tractor.  I  can  not 
explain  the  differential,  which  is  by  means  of  a  V  on  which  the 
coefficient  of  friction  is  such  that  when  one  wheel  is  free,  it  will  still 
drive  on  the  other  wheel.  With  the  ordinary  differential,  if  one 
wheel  is  up  in  the  air  it  will  spin  that  wheel,  and  your  machine  will 
stand  still.  There  are  the  two  types  of  machines,  but  with  the  four 
wheel  drive  you  can  go  practically  anywhere  you  want  to. 
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Mr.  Betts.  I  do  not  profess  to  know  anything  about  agricultural 
machinery.  It  is  rather  out  of  my  line.  So  far  as  I  am  familiar  with 
the  subject,  however,  it  seems  to  me  there  has  been  very  Uttle  trouble 
on  the  score  that  Mr.  Plunkett  makes  with  reference  to  the  western 
lands.  I  believe  in  the  swampy  sections  in  the  South  there  has  been 
a  great  dea^  of  trouble  with  the  sinking  of  the  machines,  and  I  believe 
I  am  right  in  saying  that  this  has  been  overcome  in  some  sections 
by  the  use  of  caterpillar  wheels,  such  as  are  used  to-day  on  the  large 
guns  of  the  warring  nations.  I  am  quite  sure  that  in  the  West  the 
tractor  is  being  used  successfully  in  nearly  all  sections. 

The  Chaibman.  The  meeting  is  now  adjourned. 

AdjoTUned  at  4.45  o'clock. 
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JOINT  SESSION  OF  SECTIONS  HI,  V,  AND  VH. 

Pan  American  Union, 
Tuesday  night,  December  28,  1916. 

Honorary  Chairman,  Tulio  Ospina. 
Chairman,  W.  L.  Saunders. 

Papers  presented: 

By  Section  III: 

Conservation  of  himian  life,^  by  T.  N.  Carver. 

By  Section  VII: 

The  functions  of  food  in  securing  national  eflBciency,'  by  H.  W. 
Wiley. 

By  Section  V: 

The  development  of  the  park  system  of  Washington,  by  Col.  W. 
W.  Harts. 

The  session  was  called  to  order  at  8  o'clock  by  the  chairman. 

The  Chairman.  The  meeting  will  please  come  to  order.  It  gives 
me  exceeding  pleasure  to  introduce  to  you  Sr.  Dr.  Tulio  Ospina,  of 
Columbia,  who  will  act  as  the  honorary  chairman  of  this  meeting. 
Ladies  and  genUemen,  Dr.  Ospina. 

Sr.  Ospina.  Ladies  and  gentiemen,  I  am  indeed  grateful  for  the 
honor  of  presiding  at  this  meeting,  but  not  being  well  acquainted  with 
the  English  language,  Mr.  Saunders  will  do  me  the  great  favor  to 
preside^  Really  to  him  belongs  the  honor  for  he  is  the  real  president 
of  the  meeting. 

The  Chairman.  I  trust  I  shall  be  able  to  qualify,  as  Dr.  Ospina 
seems  to  imply,  as  one  who  is  thoroughly  familiar  with  the  English 
language.  I  know  it  is  a  very  rare  thing  in  my  experience  to  find 
anybody  who  is. 

This  is  a  very  wholesome  and  interesting  meeting  to-night,  because 
it  is  a  meeting  that  expresses  cooperation  among  several  of  the  group 
sections  of  this  conference.  The  three  sections  represented  here 
to-night  are  engineering,  conservation,  and  mining  and  metallurgy. 
We  seldom  stop  to  think  how  intimately  these  three  are  correlated. 
Engineering  has  been  defined  as  the  science  which  unfolds  the  hidden 

1  Printed  in  ToUime  m  (Papers  of  Section  m)  of  the  Proceedings  of  the  Second  Pan  American  Sdentiflo 
Congress. 

s  Printed  in  volimie  vm  (Papers  of  Section  vn)  of  the  Proceedings  of  the  Second  Pan  American 
Scientific  Congress. 
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forces  of  nature  and  puts  them  to  the  service  of  mankmd.  We  also 
know  that  the  best  engineering  is  that  which  accomplishes  a  result  in 
the  most  economical  manner;  hence  conservation  is  a  necessary  part 
of  good  engineering.  Metallurgy,  we  all  know,  as  anybody  can  under- 
stand from  its  title,  is  the  treatment  of  metals;  but  ''mining"  is  a 
very  indefinite  title  that  I  find  nobody,  no  matter  how  familiar  he  is 
with  English,  is  able  to  define.  I  know  at  one  of  the  meetings  of  our 
institute  in  New  York,  the  question  was  asked,  "If  a  man  goes  out 
digging  for  clams,  is  he  mining,  or  is  he  fishing?"  Nobody  was  able 
to  answer  it.  A  diiBference  of  opinion  existed  imtil  one  day,  some- 
thing like  a  month  afterwards  I  received  a  letter — ^for  I  was  the  one 
who  asked  the  question — ^f rom  a  very  distinguished  mining  engineer 
who  was  travelling  through  the  hills  and  mines  of  Butte  and  who  had 
met  with  some  very  imfortimate  reverses  in  his  ventures  out  there. 
He  said,  ''I  have  foimd  an  answer  to  your  question.  The  answer  is 
that  the  mining  engineer  is  the  clam." 

I  now  take  great  pleasure  in  presenting  Col.  William  W.  Harts,  the 
author  of  the  paper  on  ''The  Development  of  the  Park  System  of 
Washington." 

THE  DEVELOPMENT  OF  THE  PARK  SYSTEM  OF  WASHINGTON. 

By  COL.  WILLIAM  W.  HARTS, 
In  charge  Office  of  Public  Buildings  and  Grounds ^  Washington,  D.  C. 

Washington  has  always  held  a  unique  place  among  the  capitals  of  the  world.  Con- 
ceived with  pride  in  the  minds  of  our  early  statesmen,  designed  with  matchless  ability 
by  one  of  the  foremost  engineers  of  his  period,  constructed  from  time  to  time  in  accor- 
dance with  its  destiny  as  foreseen  by  its  founders,  it  holds  to-day  among  American 
cities  a  proud  place  for  its  beauty,  its  stateliness,  and  the  high  development  of  its 
institutions. 

The  well-inxown  lofty  aims  of  the  country's  first  president  are  now  being  realized, 
for  the  city  of  Washington  has  the  distinction  of  being  the  only  large  American  city 
not  firmly  pledged  to  ugliness.  Other  cities  may  develop  interesting  spots,  their  civic 
centers  may  reflect  credit  separately  upon  their  designers;  but  the  entire  city  of  Wash- 
ington displays  so  much  originality  and  excellence  of  design  that  it  is  held  up  as  a 
model  which  other  cities  of  this  country  may  emulate,  but  none  may  excel. 

The  early  history  of  Washington  is  not  only  interesting  of  itself,  with  its  sidelights  of 
sectional  jealousy  and  intrigue,  but  shows  in  a  broad  way  the  patriotism  and  foresight 
of  those  great  men  who  were  responsible  for  the  formative  period  of  this  country's 
development.  Many  of  the  present  conditions  in  Washington  which  seem  haphazard 
have  been  the  result  of  trying  experiences  which  can  be  understood  only  from  a  knowl- 
edge of  its  early  history.  For  example,  Washington  is  owned  practically  outright  by 
the  United  States  Government.  The  Government  owns  the  streets,  it  owns  the  parks 
and  public  reservations,  it  owns  the  sites  on  which  stand  the  great  public  buildings 
of  the  Nation;  and  only  those  lots  and  tracts  which  were  reserved  to  the  original 
holders  or  which  the  United  States  has  since  sold  are  now  in  private  ownership.  In 
no  other  American  city  does  this  condition  exist. 

The  necessity  for  such  an  ownership  was  first  made  apparent  at  Philadelphia  in 
1783,  when  an  armed  mob  of  mutinous  soldiers  of  the  Revolution  marched  in  a  body 
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to  that  city,  demanding  thoir  long-overdue  pay  and  threatened  GongresB  while  that 
body  was  in  Bession  there.  The  city  authorities  were  either  unable  or  unwilling  to 
curb  this  afibront,  so  that  it  was  then  determined  that  the  policing,  guarding,  and  control 
of  its  own  capital  should  forever  be  retained  in  the  hands  of  the  Government.  We 
thus  find  to-day  that  the  Government  carefully  guarded  its  rights  in  its  capital  and 
that  at  the  same  time  the  expansion  and  beautification  of  the  city  became  matters 
of  pride  and  satisfaction  under  its  direction.  From  that  day  to  this  no  powers  have 
been  delegated  by  Congress  imless  thoroughly  safeguarded,  and  even  the  usual  right 
of  suffrage  is  denied  the  residents  of  the  city  in  order  that  its  control  may  never  be 
disputed. 

There  is  not  time  in  this  paper  to  detail  even  briefly  the  struggles  of  the  different 
sections  of  the  country,  which  constituted  at  that  time  merely  a  fringe  of  States 
along  the  Atlantic  Ocean,  to  secure,  each  for  its  own  neighborhood,  the  location  of  the 
future  capital.  The  bitterness  and  distrust  with  which  Massachusetts  Bay  Colonies 
and  those  on  the  north  viewed  the  efforts  in  this  direction  made  by  Virginia  and  the 
other  southern  colonies  was  matched  only  by  the  bitterness  and  distrust  evinced  by 
these  southern  States  for  their  northern  sisters.  It  is  sufficient  to  say  that  the  contest 
resolved  itself  finally  into  a  struggle  between  these  two  sections,  one  favoring  a  site 
near  the  head  of  navigation  on  the  Delaware  or  Susquehanna  Rivers,  and  the  other 
fovoring  a  site  near  the  head  of  navigation  on  the  Potomac.  General  Washington,  who 
was  then  President,  favored  the  latter  site,  and  in  1790  Congress  authorised  finally  the 
location  of  the  capital  on  the  Potomac  River. 

In  the  same  year  by  an  act  of  Congress  a  board  of  three  commissioners  was  appointed, 
consisting  of  Mr.  Daniel  Carroll,  Dr.  David  Stuart,  and  Mr.  Thomas  Johnston,  who 
.  were  authorized  to  acquire  the  land  on  which  the  present  city  is  located.  This  first 
commission  oiganized  the  ofiice  of  public  buildings  and  grounds,  which  has  been 
continued  uninterruptedly  down  to  the  present  and  is  one  of  the  oldest  Federal 
offices  in  the  city  of  Washington. 

The  exact  location  of  the  site  on  the  Potomac  was  left  to  the  decision  of  President 
Washington,  who  examined  the  river  from  the  vicinity  of  Hagerstown  downstream 
to  Georgetown,  and  four  months  after  the  bill  for  the  location  of  the  National  Capital 
became  a  law  he  entered  upon  its  execution.  Two  principal  sites  were  selected  by 
Washington  for  his  examination,  one  near  the  mouth  of  the  Monocacy,  and  the  other 
near  Geoigetown.  In  January,  1791,  his  decision  that  the  latter  site  had  been  selected 
was  published,  and  arrangements  were  made  at  once  for  the  purchase  of  the  land  and 
the  preparation  of  a  design.  Mr.  Andrew  Ellicott  was  employed  to  make  a  survey 
of  the  land,  and  Maj.  Charles  L'Enfiint  was  selected  to  prepare  a  plan  for  the  new 
city.  The  site  was  owned  by  19  farmers,  from  whom  the  land  for  the  future  city 
was  purchased  by  the  commissioners,  who  paid  for  it  but  25  pounds  or  about  $67  per 
acre.    An  area  of  about  1}  miles  in  length  by  3^  miles  in  breadth  was  thus  obtained. 

The  terms  of  the  purchase  were  imusual.  In  view  of  the  great  benefit  to  the  owners, 
they  agreed  to  donate  to  the  United  States  all  of  the  land  required  for  streets  and  alleys. 
Parks,  reservations,  and  sites  for  public  buildings  were  to  be  paid  for  at  the  rate  of 
25  pounds  per  acre.  They  agreed  to  donate  also  one-half  of  all  the  remaining  land 
for  building  lots,  retaining  for  themselves  only  the  other  one-half  of  these  lots.  The 
lots  given  to  the  Government  were  to  be  sold  whenever  such  course  seemed  most 
advisable,  the  proceeds  of  the  sales  of  these  lots  by  the  United  States  were  to  be 
applied  to  defraying  the  cost  of  the  construction  of  public  buildings,  the  first  two 
of  which  were  to  be  the  President's  House  and  the  Capitol,  known  in  that  day  as 
Congress  House .  The  proceeds  were  to  provide  later  for  roads,  lights,  and  other  public 
work. 

The  sale  of  lots  began  at  auction  in  1793,  but  notwithstanding  these  favorable 
conditions  they  did  not  produce  sufficient  funds  to  pay  for  the  construction  of  the 
proposed  buildings  and  to  meet  other  expenses  in  connection  with  the  city.    Building 
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was  therefore  slow  and  it  was  not  until  1800,  or  seven  years  later,  that  Congress  was 
able  to  move  to  Washington  and  take  up  its  duties  there.  The  city  was  still  in  em- 
bryo, although  started  on  most  promising  lines. 

The  plan  of  the  city  was  original.  From  statements  left  by  Maj .  L 'Enfant  it  appears 
that  the  highest  eminence,  known  at  Jenkins's  HIU,  was  selected  first  as  the  site  for 
the  Capitol,  and  that  another  eminence  near  the  mouth  of  Tyber  Creek  was  selected 
next  as  the  site  for  the  President's  House.  The  diagonal  road  connecting  these  two 
buildings,  since  known  as  Pennsylvania  Avenue,  was  extended  eastward  to  a  bridge 
over  the  Eastern  Branch,  now  known  as  the  Anacostia  River,  and  was  also  extended 
westward  into  Georgetown  by  a  bridge  over  Rock  Creek.  Maj.  L 'Enfant  proposed 
in  his  plan  a  system  of  north-and-south  and  east-and-west  streets,  designating  the 
north-and-south  streets  by  numbers  and  the  east-and-west  streets  by  letters.  Hia 
diagonal  street  system,  so  original  and  suitable,  took  shape  in  a  measure  from  the 
original  roads.  Maryland  Avenue  was  laid  out  as  an  extension  of  the  Bladensburg 
Road,  furnishing  the  second  main  original  diagonal  thoroughfare.  Pennsylvania 
Avenue  and  Maryland  Avenue  thus  established  lines  of  direction  for  other  parallel 
and  symmetrically  placed  avenues.  The  system  of  centers  with  radiating  streets 
was  thus  developed,  giving  us  the  many  present-day  diagonal  avenues  which  make 
the  city  so  unusual  in  its  artistic  development.  At  the  intersections  of  the  streets 
and  avenues  there  were  placed  the  smaller  parks  and  circles  which  form  a  distinguish- 
ing feature  of  the  city. 

L 'Enfant  desired,  in  addition,  larger  areas  for  more  spacious  parks  elsewhere,  and 
laid  out  on  his  plan  what  was  undoubtedly  the  most  pretentious  scheme  of  park  'devel- 
opment of  his  day.  Of  this  scheme  the  Mall  plan  was  the  most  important  featiu*e. 
It  provided  a  wide  parkway  extending  directly  westward  from  the  Capitol,  the  purpose  - 
being  to  provide  for  diplomats  and  other  representatives  sent  to  the  Ignited  States 
from  foreign  countries  suitable  residences  facing  on  both  sides  a  park  of  unusual 
beauty.  He  also  selected  a  site  for  a  national  university,  and  even  proposed  the  con- 
struction of  public  institutions  of  several  kinds  at  places  where  they  would  harmonize 
with  his  general  plan. 

The  city,  as  laid  out  by  Maj.  L 'Enfant,  was  to  provide  ultimately  for  a  population 
of  about  800,000  people,  the  nucleus  of  which  lay  between  Rock  Creek,  Florida 
Avenue,  and  the  Anacostia  River,  with  ample  room  for  expansion  northward.  The 
plan  proposed  by  him  was  a  novel  one,  no  city  elsewhere  in  the  w^orld  having  been 
constructed  at  that  time  with  diagonal  streets  radiating  from  many  centers.  The 
plan  of  Sir  Christopher  Wrenn,  proposed  in  1666  for  rebuilding  a  burned  section  of 
London  by  using  a  circular  center  and  radiating  concentric  streets,  and  a  somewhat 
similar  plan  in  the  laying  out  of  the  city  of  Annapolis  may  have  both  influenced 
Maj.  L 'Enfant  in  his  work,  for  we  know  that  Mr.  Jefferson,  while  Secretary  of  State, 
supplied  him  with  many  maps  of  prominent  cities,  mostly  in  Europe. 

Notwithstanding  the  excellence  of  this  design,  many  efforts  have  been  made  to 
disturb  the  harmony  so  wisely  planned.  Robert  Morris  attempted  soon  after  the  city 
streets  were  laid  out  to  construct  a  house  projecting  into  one  of  the  avenues,  and  the 
offending  portion  was  torn  down  by  Maj.  L 'Enfant  after  an  angr>'  controversy  of  much 
bitterness. 

Many  years  later  the  beautiful  vistas  proposed  by  L 'Enfant,  looking  toward  the 
White  House  and  the  Capitol,  were  destroyed  by  the  improper  location  of  a  number 
of  public  buildings,  among  which  the  principal  ones  are  the  Congressional  Librarj', 
the  Treasury  Building,  and  the  State,  War,  and  Navy  Building.  It  is  unfortunate 
that  more  suitable  locations  were  not  selected  for  these  stnictures,  for  the  mistake 
appears  even  more  conspicuous  to-day  than  before  the  development  of  the  city; 
and  it  will  continue  to  vex  all  who  appreciate  the  beauty  of  the  original  design.  The 
reason  for  these  mistakes  probably  lies  in  the  fact  that  for  many  years  the  plans  of  the 
city,  prepared  with  so  much  careful  foresight  and  established  with  so  much  difficulty, 
were  regarded  with  scant  recognition  of  their  merit.    Even  within  recent  years  build- 
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logs  of  extreme  height,  such  as  the  Cairo  and  other  apartment  houses  and  structures 
encroaching  upon  the  park  areas,  such  as  the  old  Pennsylvania  Hailroad  station,  were 
permitted  without  much  restraint. 

This  condition  continued  to  a  greater  or  less  degree  until  the  sudden  awakening  of 
the  American  people  to  the  necessity  for  securing  a  higher  degree  of  civic  beauty, 
brought  about  very  laigely  by  the  World's  Columbian  Exposition  in  Chicago  in  1893. 
At  this  time  the  highly  artistic  design  and  arrangement  of  the  buildings  at  this  exposi- 
tion stimulated  new  ambitions  in  the  minds  of  all  those  who  were  delighted  with  the 
wonderful  surprise  of  this  exposition. 

The  first  American  city  to  feel  the  impulse  of  this  awakening  was  Washington. 
Senator  James  McMillan  was  primarily  influential  in  having  called  together  in  1901 
a  group  of  experts,  among  whom  were  some  of  the  most  eminent  architects  and  artists 
of  the  country.  Mr.  D.  H.  Burnham,  Mr.  Charles  F.  McKim,  Mr.  Augustus  St. 
Gaudens,  and  Mr.  Frederick  Law  Olmsted  composed  this  cotomission.  They  visited 
various  cities  in  Europe,  and  later  prepared  as  a  result  of  their  studies  the  famous 
plan  for  the  expansion  and  beautification  of  Washington,  which  is  now  acknowledged 
generally  to  be  one  of  the  most  comprehensive  plans  for  civic  beauty  in  the  world. 
This  plan  recognizes  the  great  merit  of  L 'Enfant 's  Mall  scheme,  but  elaborates  and 
expands  it  to  meet  the  later  conditions.  It  also  includes  an  extension  of  the  park 
system  over  the  newer  part  of  the  city,  which  was  not  included  in  the  original  design, 
so  that  when  the  natural  growth  takes  place  the  newer  areas  will  be  as  wdl  provided 
with  recreation  parks  a^  the  old. 

The  central  feature  of  this  new  plan  may  be  outlined  generally  as  providing  for  a 
broad  Mall  extending  from  the  Capitol  westward,  including  the  Washington  Monument, 
to  the  great  memorial  to  President  Lincoln  on  the  bank  of  the  Potomac  River.  Cross- 
ing this  line,  which  forms  its  major  axis,  we  have  a  shorter  axis  extending  at  right 
angles  north  and  south  through  the  Washington  Monument  Grounds  with  the  White 
House  at  the  northern  end,  and  a  proposed  group  of  buildings  at  the  other,  dedicated 
to  the  memory  of  the  nation's  founders.  This  Mall  thus  becomes  a  large  diamond- 
shaped  park  extending  through  the  heart  of  the  city  from  the  Capitol  to  the  river, 
providing  sites  in  great  number  for  large  public  buildings  and  giving  opportunity 
for  an  artistic  arrangement  of  trees  and  roads,  and  a  park  development  of  great  dignity 
and  beauty.  This  Mall  scheme  will  ultimately  embrace  within  its  limits  nearly  all 
of  the  great  departmental  administrative  buildings,  the  Capitol,  and  the  White  House, 
and  will  provide  sites  for  m&ny  semipublic  buildings  for  art  and  science,  for  arm(H*ies 
and  convention  halls. 

The  second  essential  feature  of  this  commission's  plan  is  a  chain  of  parks  connected 
by  boulevards  extending  from  the  river  through  Rock  Creek  Valley  to  Rock  Creek 
Park,  thence  to  the  Soldiers*  Home,  through  the  grounds  of  the  Reform  School,  thence 
to  the  Anacostia  River,  where  a  large  aquatic  park  is  to  be  created  by  filling  in  the 
swampy  flats,  now  insanitary  and  useless,  with  material  dredged  from  the  river  chan- 
nels. Outside  of  this  chain  of  parks  is  to  be  another  similar  boulevard  connecting 
the  Civil  War  forts,  which  it  is  expected  will  thus  become  a  part  of  the  park  system 
of  the  District. 

Great  advance  has  already  been  made  under  the  project  proposed.  Along  the 
Mall  new  buildings  for  the  offices  of  the  Senate  and  the  offices  of  the  House  of  Repre- 
sentatives, the  new  National  Museum,  the  buildings  of  the  Agricultural  Department, 
the  recently  completed  building  of  the  Bureau  of  Engraving  and  Printing,  the  Pan 
American  Building,  the  Continental  Memorial  Hall  of  the  D.  A.  R.,  and  the  build- 
ing for  the  American  Red  Cross  have  all  been  located  with  a  view  to  their  adding  to 
the  ultimate  scheme.  The  Lincoln  Memorial  is  one  of  the  most  important  of  these 
and  marks  the  western  end  of  the  longer  axis  of  the  Mall. 

Rock  Creek  Park  was  acquired  in  1892.  This  is  a  park  of  nattmilistic  design 
comprising  over  1,600  acres.  Zoological  Park  adjoining  it  on  the  south,  embracing 
170  acren,  was  acquired  in  1890.    Montrose  and  Meridian  Hill  Parks  were  bought  in 
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1911,  and  the  clearing  and  opening  of  the  area  l3ring  between  the  Capitol  and  the 
Union  Station  is  now  in  progress. 

The  water  front  of  Washington,  formerly  marshes  and  mud  flats,  has  been  filled  in 
with  material  dredged  from  the  river,  and  the  new  proposed  area  completed  and 
partly  developed.  The  construction  of  East  Potomac  Park  by  reclaiming  from  the 
river  an  area  of  327  acres,  has  just  been  finished,  ready  for  development  as  a  large 
athletic  recreation  field.  Hans  are  now  being  prepared  for  the  enlargement  of  Rock 
Creek  Valley  with  a  view  to  its  transformation  into  a  highly  developed  parkway  con- 
necting Potomac  Park  on  the  river  front  and  Rock  Creek  Park  in  the  interior.  On 
the  lower  Anacostia  River  large  areas  have  been  reclaimed  already  by  the  filling,  and 
work  here  is  still  in  progress  with  a  magnificent  riv^  park  in  view  on  that  side  of 
the  city. 

Never  before  has  the  Grovemment  undertaken  so  many  extensive  plans  for  the  beau- 
tification  of  its  Capital.  These  are  being  carried  out  entirely  from  its  own  income, 
no  bonds  for  future  payment  being  issued.  The  following  list  shows  the  areas  now 
in  parks: 

Table  A. — Areas  of  parks  and  various  reservations  in  the  cUy  of  Washington  and  imme- 

diate  vidnity. 

Aom. 

Rock  Creek  Park,  under  board  of  control 1, 606. 9 

Zoological  Park,  under  Smithsonian  Institution 170. 0 

Grounds  about  the  Department  of  Agriculture,  under  control  of  that  depart- 
ment         36. 7 

Botanic  Garden,  under  Joint  Committee  on  the  Library  of  Congress 11. 3 

Capitol  Grounds,  under  superintendent  of  the  Capitol  Building  and  Grounds       69. 7 
Library  of  Congress  Grounds,  under  superintendent  of  lilnrary  Building 

and  Grounds 11. 1 

McMillan  Park,  under  Chief  of  Engineers,  United  States  Army 118. 0 

Naval  Observatory  grounds,  under  Navy  Department 89. 8 

Naval  Hospital  grounds,  under  Navy  Department 16. 9 

Soldiers'  Home  Grounds,  under  War  Department .* 502. 0 

Washington  Barracks  reservation,  under  War  Department 62. 0 

Pftrk  system  of  the  District  of  Columbia,  under  the  jurisdiction  and  control 
of  the  Chief  of  Engineers,  United  States  Army  (approximately  966  acres 
are  included  in  the  MaU  section  of  the  city  under  this  jurisdiction)^ 1, 189. 12 

3,871.62 
The  list  above  does  not  include  Arlington  Cemetery,  Fort  Myer,  the  Government 
Hospital  for  the  Insane,  and  a  nimiber  of  other  public  <x  semipublic  reservations  to 
which  the  public  has  access,  but  which  were  not  primarily  intended  as  parks, 
(jovenunent  Hospital  for  the  Insane  in  Washington,  487  acres. 
Arlington  National  Cemetery,  including  Fort  Myer  reservation,  1,363.14  (cemetery 
proper  408.33  acres,  while  outlying  portions  which  are  occupied  and  used  by  the 
Department  of  Agriculture  amount  to  637.67  acres,  and  Fort  Myer  at  317.14  acres). 

Table  B. — Detailed  statement  of  areas  of  parks  and  reservations  under  the  jurisdiction 
of  the  Office  of  Public  Buildings  and  Grounds, 

Acres. 

Grounds  south  of  Exeaitive  Mansion 70 

Judiciary  Park 19 

Mount  Vernon  Park 2 

Franklin  Park 4 

Lafayette  Park 6 

McPherson  Park 1 

1  This  park  system  la  under  the  administration  of  the  Offtoe  of  Public  Buildings  and  Grounds.  For 
areas  of  the  several  parks,  see  Table  below. 
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Acres. 

Farragut  Park 1 

RawUiiB  Park 1 

Waehington  Circle 1 

Sheridan  Circle 

Dupont  Circle 2 

Scott  Circle 

Iowa  Circle 2 

Grant  Circle 1 

Meridian  Hill  Park 11 

Montrose  Park 15 

Lincoln  Park 7 

Stanton  Park 4 

Folger  Park 1 

Garfield  Park 9 

Marion  Park 1 

LoomiePark 2 

Smithfionian  Grounds 58 

Henry  Park 18 

SeatonPark 19 

Potomac  Park 7 23f 

Monument  Grounds 106 

27  named  parks  (above)  containing 1, 099. 07 

365  small  reservations  containing 90. 05 

Total,  392  parks  and  park  places,  containing 1, 189. 12 

For  many  years  the  supervision  of  Government  areas  had  been  under  a  commis- 
sioner of  public  buildings  and  grounds,  but  in  1867  all  reservations  which  were  in  the 
possession  of  the  Federal  Government  were  turned  over  to  the  Cliief  of  Engineers  of 
the  United  States  Army  for  care  and  supervision.  In  his  hands  were  placed  the 
appropriations  for  maintenance  and  improvement,  and  an  officer  in  charge  of  public 
buildings  and  grounds,  under  his  direction,  was  appointed  to  carry  on  this  work.  In 
1898  Congress  separated  more  definitely  the  jurisdiction  of  the  municipal  authorities 
and  of  the  Chief  of  Engineers,  assigning  to  the  former  the  streets  and  the  parkings 
along  the  streets,  and  to  the  latter  all  parks,  reservations,  triangles,  and  circles.  It 
was,  therefore,  not  until  this  latter  date,  that  the  park  system  as  such,  had  a  definite 
existence  separate  from  any  control  by  the  city. 

The  reason  for  such  a  separation  seems  to  have  been  a  peculiar  one.  It  occurred 
within  the  sliadow  of  our  great  Civil  War.  In  order  to  have  full  control  of  all  circles, 
parks,  and  reservations,  should  these  areas  be  required  for  military  purposes.  Con- 
gress preferred  apparently  to  retain  jurisdiction  over  them  for  the  United  States  Gov- 
ernment, rather  than  permit  any  municipal  supervision  that  might  conflict  with  the 
Government's  needs.  It  is  not  surprising,  therefore,  to  find  that  the  separation  of 
the  park  system  from  all  municipal  direction  first  arose  soon  after  the  close  of  the 
Civil  War,  when  the  remembrance  of  the  military  requirements  of  the  United  States 
was  still  a  dominant  influence  in  the  administration  of  public  affairs. 

Notwithstanding  this  reason,  if  there  were  not  a  more  logical  justification  for  such 
a  separation  of  jurisdiction,  it  is  probable  that  the  park  system  of  the  District  would 
have  been  returned  long  ago  to  the  control  of  the  municipal  authorities.  On  the  con- 
trary, not  a  single  park  has  ever  been  placed  by  Congress  since  that  time  under  the 
exclusive  charge  of  the  municipal  authorities  for  park  purposes.  It  is  well  known 
that  the  point  of  view  of  the  city  authorities  has  been  often  at  varience  with  the  estab- 
lished plans  for  the  beautification  of  Washington,  so  that  this  separation  of  functions 
has  been  found  expedient  for  other  reasons  and  probably  will  be  retained  always  for 
the  greater  protection  of  the  parks  and  for  their  closer  supervision. 
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Furthennore,  the  protection  of  park  property  was  for  many  years  a  duty  of  the 
municipal  police,  but,  inasmuch  as  the  main  object  of  the  municipal  police  is  the 
detection  and  prevention  of  crime,  protection  of  park  property  was  often  considered 
beneath  the  dignity  of  a  policeman,  and  was  so  neglected  that  it  was  found  necessary 
to  establish  a  force  of  watchmen  who  would  be  constantly  on  the  alert  to  prevent 
trespass  and  other  encroachment  on  the  public  grounds.  This  force  of  watchmen  was 
later  organized  as  a  distinct  body,  was  clothed  by  Congress  still  later  with  X)olice 
powers,  and  is  now  uniformed  and  mounted  on  bicycles  at  Government  expense. 
Thus  we  find  that  necessity  forced  upon  the  administration  of  the  parks  the  organiza- 
tion of  the  present  park  police  force  separate  from  the  Metropolitan  force  of  the  city. 
This  necessity  not  only  still  exists,  and  probably  always  will,  but  it  has  been  found 
equally  necessary  in  nearly  all  the  larger  cities  of  the  country. 

We  observe,  therefore,  that  a  separate  park  organization  independent  of  municipal 
control,  and  an  independent  park  police  force  grew  out  of  the  necessities  of  Washing- 
ton long  before  their  establishment  in  other  American  cities.  Although  many  other 
cities  have  followed  Washington's  lead  in  such  matters,  this  separation  is  not  in  effect 
in  Central  Park  in  New  York  City,  this  park  still  being  controlled  by  the  municipal 
government.  Those  familiar  with  the  struggles  of  the  people  of  New  York  since  1854 
to  avoid  encroachment  upon  the  area  of  this  great  park  for  various  incongruous  pur- 
poses will  readily  understand  the  desirability  of  separating  the  park  organization 
from  municipal  control.  Scarcely  a  half-dozen  years  passed  by  in  the  history  of  this 
park  that  there  was  not  some  serious  attempt  made  by  the  city  government  to  author- 
ize construction  within  the  park  area  of  buildings  of  a  chamcter  far  removed  from 
park  purposes.  A  hotel  was  once  proposed  and  authorized,  booths  for  the  sale  of 
various  articles  were  at  one  time  suggested,  and  it  was  only  by  public  meetings  of 
protest  and  other  vigorous  expressions  of  disapproval,  in  the  newspapers  and  elsewhere, 
that  many  of  these  encroachments  were  finally  prevented.  Even  as  it  is,  we  find  a 
speedway,  the  Metropolitan  Museum  of  Art,  and  some  other  structures  which  have 
restricted  the  use  of  this  remarkable  piece  of  public  property  and  prevented  its  utili- 
zation for  the  large  public  purposes  to  which  it  was  originally  dedicated. 

In  consequence  of  these  experiences,  we  find  that  Chicago,  Philadelphia,  Boston, 
St.  Louis,  and  many  other  large  cities,  following  the  example  of  Washington,  have 
removed  their  park  systems  and  their  park  police  to  a  greater  or  less  degree,  from 
municipal  supervision.  Progress  in  civic  affairs  seems,  therefore,  to  indicate  that  an 
organization  more  or  less  completely  separated  from  municipal  control  is  the  wise 
and  expedient  course  for  American  cities  to  follow. 

It  is  not  sufficient  that  such  separation  alone  should  be  followed.  All  public  areas 
having  the  character  of  parks  should  be  under  one  management.  This  seems  logical 
and  reasonable,  but  we  find  in  Washington  numerous  areas  of  this  character  under 
many  different  jurisdictions,  an  unfortunate  and  uneconomical  arrangement.  Theee 
areas  as  they  were  acquired  were  assigned  to  various  bureaus,  in  most  cases  before  the 
definite  establishment  of  the  park  system  of  the  District  of  Columbia.  Their  subse- 
quent inclusion  within  this  park  system  has  never  been  authorized  by  Congress, 
although  many  recommendations  to  this  effect  have  been  made,  notably  by  Mr.  Taft 
while  President  of  the  United  States,  and  by  several  Chiefs  of  Engineers  of  the  United 
States  Army.  It  is  expected,  however,  that  these  areas  will  gradually  be  include<l 
within  the  park  system  in  the  future.  The  lack  of  economy  in  administering  under 
different  juriBdictions  so  may  similar  activities,  with  the  consequent  multiplication 
of  overhead  charges,  should  seem  apparent  to  the  most  casual  observer.  But  customs 
of  this  sort  are  hard  to  change.  It  is  only  the  new  parks  as  they  are  acquired  wliich 
are  placed  by  law  under  the  legal  protection  of  the  park  system  with  its  many 
advantages. 

Funds  for  parks  are  raised  in  different  ways  in  various  cities,  some  authorizing  a 
certain  amount  to  be  expended  annually  from  the  public  levies,  others  authorizing  a 
special  tax  to  be  added  for  park  purposes,  and  still  others  using  special  funds  secured 
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by  law  from  street  railway  companies  or  other  public-service  corporations.  In  Wash- 
ington all  appropriations  are  made  by  Congress,  one-half  being  paid  usually  from  the 
income  of  the  Federal  Government  and  one-half  from  taxes  on  property  in  the  District 
of  Columbia.  An  analysiB  of  the  appropriations  for  improvement  and  maintenance 
of  Washington  parks  for  the  past  five  years  is  as  follows: 

Table  C. — Statement  shoving  application  of  appropriations  for  parks  and  reservations 
under  the  Office  of  Public  Buildings  and  Grounds  for  the  5  years  from  July  1^  1911  ^  to 
June  SO,  1916. 


Years. 


Over- 
head 
(office) 
expenses. 


Park 
protecv 

tion 
(police). 


Park 
mainte- 
nance. 


Park 
improve- 
ment. 


Total. 


1912. 
1013. 
1914. 
1915. 
191«. 


119,340 
19,240 
19,240 
19,240 
19,240 


134,450 
33,850 
38,650 
38,050 
39,250 


1164,670 
161,370 
164,870 
171,370 
191,370 


$40,600 
72,500 
90,500 

117,000 
75,500 


$258,860 
280,960 
322,260 
346,260 
325,360 


Total  for  5  years. 
Yearly  averafi^ 


96,200 


184,850 


853,650 


405,000 


1,539,700 


19,240 


36,970 


170,730 


81,000 


307,940 


The  overhead  charges  cover  clerical,  engineering,  and  landscape  gardeners*  services. 

These  appropriations  are  made  by  Congress  on  estimates  prepared  by  the  officer 
in  charge  of  public  buildings  and  grounds,  submitted  to  the  Chief  of  Engineers,  and 
by  him  added  to  the  War  Department  budget. 

The  purchase  of  new  areas,  if  of  considerable  size,  is  usually  conducted  by  commis- 
sions specially  authorized  to  acquire  them  by  condemnation  or  otherwise,  the  limits 
of  area  and  cost  being  fixed  by  the  statutes  authorizing  the  acquisition.  Rock  Oeek 
Park  was  purchased  in  this  manner.  A  commission  is  now  preparing  for  submission 
to  Congress  plans  of  a  project  for  the  acquisition  of  the  land  along  Rock  Creek  Valley 
for  a  new  parkway  connecting  Potomac  Park  with  Rock  Creek  Park. 

Condemnation  proceedings  are  conducted  by  the  Department  of  Justice,  and  when 
the  acquisition  is  completed  the  area  is  turned  over  to  the  Chief  of  Engineers  for  care 
under  the  general  laws  protecting  the  park  system. 

The  organization  under  which  the  parks  are  cared  for  and  maintained  consists  of 
the  officer  in  charge  of  public  buildings  and  grounds,  who  is  an  officer  of  the  Corps  of 
Engineers  of  the  United  States  Army,  under  the  direct  supervision  of  the  Chief  of 
Engineers.  Under  the  officer  in  charge  are  the  following  heads  of  park  departments: 
(1)  Superintendent  of  parks;  (2)  head  gardener;  and  (3)  superintendent  of  park  police. 

Under  the  superintendent  of  parks  there  are,  first,  a  division  of  design  with  a  land- 
scape architect  and  several  drafting  assistants;  and,  second,  a  division  of  mainte- 
nance, covering  four  sections  of  the  city,  with  a  foreman  at  the  head  of  each  section. 
Under  each  section  foreman  there  are  several  parties  of  workmen  attending  various 
parks,  making  beds,  planting  flowers,  shrubs  and  trees,  sweeping  walks,  taking  up 
litter,  cultivating  flowers  and  bushes,  trimming  trees,  cutting  lawns,  raking  leaves, 
etc.  Responsibility  for  neglect  in  any  quarter  is  easily  traceable  and  the  neglect 
promptly  corrected .  A  careful  system  of  cost  keeping  by  months  enables  a  comparison 
to  be  made  between  the  several  sections,  and  affords  a  sure  means  of  detecting  ineffi- 
ciency or  extravagance. 

Tlie  head  gardener,  who  is  the  superintendent  of  the  propagating  gardens,  super- 
vises all  planting  in  the  public  grounds,  the  construction  of  planting  beds,  and  the 
propagation  of  flower  and  foliage  plants  for  the  parks.  He  has  about  40  assistants  and 
propagates  annually  about  three-quarters  of  a  million  plants  for  the  embellishment  of 
the  park  flower  beds.  He  also  assists  in  the  inspection  of  new  material  as  it  arrives, 
and  has  general  supervision  of  the  rotation  of  flower  planting  and  the  selection  of  plants 
for  this  purpose.  There  are  17  greenhouses  under  his  direction,  from  some  of  which 
cut  flowers  are  furnished  for  the  White  House. 
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In  the  city  parks  under  other  jurifidictionB  variouB  methods  of  adminiBtration  are  in 
use.  In  Rock  Creek  Park,  embracing  1,605.9  acres,  which  is  the  largest  park  in  the 
city  of  Washington,  the  authority  of  supervision  and  c<mtrol  is  vested  in  a  commission 
consisting  of  two  branches,  the  Chief  of  Engineers,  on  the  one  hand,  and  the  District 
Conmiissioners  on  the  other,  with  equal  authority.  The  executive  officer  of  the  Com- 
mission is  the  Engineer  Conmussioner  of  the  District. 

The  Zoological  Park,  containing  167  acres,  is  under  the  control  of  the  Smithsonian 
Institution.  The  Botanic  Garden,  at  the  head  of  the  Mall,  is  under  the  control  of  the 
Joint  Committee  on  the  Library  of  Congress.  The  grounds  in  which  the  buildings  of 
the  Department  of  Agriculture  stand,  which  form  an  integral  part  of  the  Mall  system, 
are  under  the  control  of  the  Department  of  Agriculture.  The  grounds  around  the 
Capitol,  about  58  acres  in  extent,  are  laid  out  and  used  as  a  park  and  are  under  the 
control  of  the  Superintendent  of  the  Capitol.  McMillan  Park,  containing  118  acres, 
the  site  of  the  filtration  plant  for  the  water  system  of  the  city  of  Washington,  is  under 
the  control  of  the  United  States  Engineer  Officer  in  charge  of  the  Washington  Acque- 
duct.  The  grounds  about  the  Naval  Observatory,  amounting  to  79  acres,  and  those 
around  the  Naval  Hospital,  containing  17  acres,  are  both  under  the  Navy  Depart- 
ment. The  Soldiers'  Home  Grounds,  covering  an  area  of  502  acres,  and  the  grounds 
about  the  Washington  Barracks  and  the  War  Collie,  containing  about  70  acres,  are 
under  the  War  Department.  In  brief,  we  may  assume  that  the  park  area  of  the  Dis- 
trict of  Columbia  comprises  in  all  some  3,700  acres,  under  12  different  controlling 
authorities. 

Large  sums  of  money  are  expended  annually  in  beautifying  these  public  grounds, 
all  of  which  are  similar  in  character,  and  in  which  the  planting  and  caring  for  lawns, 
flowers,  shrubs,  etc.,  require  the  same  kind  of  supervision  and  labor.  The  lack  of 
economy  in  having  so  many  different  organizations  is  obvious. 

Even  more  objectionable  is  the  lack  of  harmony  in  many  of  the  structures  hereto- 
fore erected  under  the  various  jurisdictions,  which,  if  continued,  wotdd  result  in  a 
heterogeneous  improvement  lacking  coordination  and  unity.  This  condition  is 
fortunately  obviated  to  a  great  degree  by  the  functions  of  the  National  Commission 
of  Fine  Arts.  All  proposed  improvements  affecting  in  any  important  way  the  appear- 
ance of  the  city  must  be  submitted  to  this  commission  for  its  comment  and  advice. 
The  commission  is  composed  of  the  most  eminent  experts  in  their  respective  profes- 
sions that  the  country  affords.  It  consists  of  three  architects,  a  sculptor,  a  painter,  a 
landscape  architect,  and  a  lay  member  experienced  in  civics.  These  men  serve  with- 
out compensation  other  than  the  patriotic  satisfaction  of  seeing  that  the  development 
of  the  Nation's  capital  in  its  parks,  statues,  fountains,  and  public  buildings  is  directed 
along  artistic  lines.  This  body  has  justified  many  times  its  organization  and  the  wis- 
dom of  those  who  were  responsible  for  its  creation.  Crude  and  inartistic  designs  have 
been  wisely  excluded  and  the  conformity  of  public  improvements  to  the  Park  Commis- 
sion plans  has  been  aided  immeasurably  by  their  patient  and  profitable  advice. 
The  commission  is  intended  to  be  permanent,  under  regulations  prescribed  by  the 
President,  who  appoints  its  members.  Under  an  arrangement  which  has  the  approval 
of  the  President,  one  or  two  vacancies  occur  each  year,  which  are  filled  with  new  men, 
in  order  that  the  policy  of  the  commission  may  be  continuous  and  not  subject  to  sud- 
den change.  In  this  way  new  ideas  may  be  introduced  under  the  most  favorable 
circumstances,  and  a  broad-minded  and  progressive  coiurse  of  action  assured. 

In  conclusion,  it  may  be  said  that  in  spite  of  the  differences  of  jurisdiction  and  of 
occasional  deviations  from  the  approved  plans,  there  is  no  city  in  the  world  in  which 
park  development  is  advancing  on  more  consistent  and  systematic  lines  than  in 
Washington;  none  for  which  plans  are  more  magnificent  and  promising;  and  none  in 
which  these  plans  are  adhered  to  with  greater  success  than  in  the  capital  of  the  United 
States. 

Adjournment. 
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SESSION  OF  SUBSECTION  1  OF  SECTION  V. 

Baleioh  Hotel, 
Wednesday  morning ,  December  29,  1915. 

Chairman,  E.  L.  Corthell. 

The  session  was  called  to  order  at  9.30  o'clock  by  the  chairman. 
The  Chairman.  The  first  paper  is  by  Prof.  Jacoby,  of  Cornell 
University. 

LONG-SPAN  BRIDGES  IN  AMERICA. 

By  HENRY  S.  JACOBY, 
Profeuor  of  Bridge  Engineering,  Comdl  Univernty, 

The  river  spans  of  the  Municipal  Bridge  at  St.  Louis  over  the  Mississippi  River 
contain  the  longest  simple  trusses  in  America.  Their  length  is  668  feet  between  cen- 
ters of  end  pins.  The  trusses  have  curved  upper  chords  and  subdivided  panels. 
The  panel  lengths  vary  from  30  to  48  feet  in  order  that  the  inclinations  of  the  diagon- 
als may  be  nearly  the  same.  Carbon  steel  was  employed  for  the  metal  floor  system 
and  secondary  truss  members,  while  nickel  steel  was  used  for  the  main  truss  members, 
except  stay  plates  and  lacing,  which  were  made  of  carbon  steel. 

The  upper  chords  and  end  posts  have  three  webs  rigidly  connected  by  continuous 
longitudinal  diaphragms  along  the  neutral  axis.  The  top  and  bottom  flanges  of  the 
webs  are  laced  together  by  5-inch  channels  instead  of  flats.  The  webs  are  also  con- 
nected by  transverse  diaphragms  at  intervals  of  10  feet,  thus  securing  greater  resist- 
ance to  twisting  during  the  transportation  of  members.  The  lower  chord  consists  of 
16-inch  eyebars  throughout,  from  8  to  12  eyebars  being  used  in  each  panel.  All 
diagonals  which  are  subject  to  tension  only  consist  of  eyebars.  Those  subject  to 
reversal  of  stress  near  the  middle  of  the  span  are  constructed  as  stiff  riveted  mem- 
bers, while  in  other  cases  where  the  compression  is  small  the  member  is  a  composite 
one,  the  tension  being  taken  by  eyebars  and  the  compression  by  the  riveted  part. 
The  upper  chords  are  faced  to  take  bearing,  thus  avoiding  the  use  of  full  pin  bearings 
except  at  their  ends,  i.  e.,  at  the  hip  joints.  The  chord  increments  of  stresb  from  the 
diagonals  are  transferred  to  the  chords  by  pins  and  pin  plates. 

The  bridge  is  a  double-deck  structure,  the  upper  one  for  highway  traffic,  including 
that  on  two  trolley  tracks,  and  the  lower  one  for  railroad  traffic  on  double  tracks. 
The  railroad  deck  is  designed  for  E  60  loading.  The  upper  deck  has  wooden  block 
paving  on  a  reinforced  concrete  slab  floor,  supported  by  steel  floor  beams  and  I-beam 
stringers.  The  trusses  are  spaced  25  feet  between  centers  and  are  110  feet  deep  at 
the  middle  of  the  span.    The  river  spans  of  the  bridge  were  completed  in  1912. 

The  bridge  which  contains  simple  truss  spans  ranking  next  in  length  was  com- 
pleted in  the  same  year.  It  crosses  tll^  Ohio  River  from  Louisville,  Ky.,  to  New 
Albany,  Ind.  It  contains  two  spans,  with  an  effective  length  of  615  feet  2}  inches, 
three  shorter  fixed  spans,and  one  swing  span.    The  single  deck  floor  83rstem  pro- 
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vides  for  double-track  railroad  traffic  between  the  trusses  and  for  the  highway  traffic 
outside  of  the  trusses  supported  by  cantilever  extensions  of  the  floor  beams. 

In  order  to  indicate  the  great  advance  made  in  the  construction  of  these  two 
bridges,  it  may  be  added  that  the  longest  spans  before  1912  were  586  feet,  that  of  a 
light  highway  bridge  built  in  1906  at  Elizabethtown,  Ohio,  and  546  feet,  which  is  the 
length  of  the  river  spans  of  another  bridge  over  the  Ohio  River  at  Louisville,  built  in 
1894,  but  providing  for  pnly  a  single-track  railroad  and  highway  traffic. 

The  pneumatic  foundations  and  piers  are  now  being  built  for  another  bridge  over 
the  Ohio  River,  at  Metropolis,  111.,  which  is  to  contain  the  longest  simple  truss  span 
in  the  world  when  erected.  The  length  is  720  feet.  The  trusses  also  have  curved 
upper  chords  and  subdivided  panels,  the  short  or  subdiagonals  being  in  compression. 
Tlie  trusses  have  20  panels.  The  bridge  has  four  other  spans  about  554  feet  long  and 
two  smaller  approach  spans.  The  bridge  is  to  be  a  double-track  structure,  designed 
for  unusually  heavy  live  loading.  Cooper's  E  90  locomotives,  followed  by  a  uniform 
load  of  7,500  pounds  per  foot  of  track.  Silicon  steel  is  to  be  used  for  all  the  main 
members  of  the  trusses  except  the  eyebars  and  pins,  which  are  to  be  made  of  nickel 
steel,  while  the  remaining  material,  including  all  lacing,  is  to  be  of  medium  carbon 
steel. 

The  trusses  of  the  bridges  previously  named  are  all  pin  connected  at  the  joints,  with 
the  exception  of  the  615-foot  span  at  Louisville,  which  is  perhaps  more  correctly 
described  as  partly  riveted  and  partly  pin  connected.  In  recent  years  the  smaller 
trusses  for  railroad  bridges,  and  to  a  lesser  degree  for  highway  bridges,  have  been  built 
with  riveted  connections  in  order  to  secure  greater  rigidity  under  heavy  live  loads 
and  high  speed  of  trains.  In  1911  a  bridge  was  completed  having  simple  trusses  with 
riveted  connections,  in  which  the  span  was  increased  so  much  over  those  previously 
built  in  the  United  States  as  to  be  phenomenal.  This  bridge  is  known  as  the  Terminal 
Railroad  bridge  over  the  Missouri  River  at  Kansas  City.  It  is  a  double-deck  structure, 
with  the  highway  and  double-track  railroad  on  the  upper  and  lower  decks,  respec- 
tively. Its  fixed  spans  are  425  feet  ^  inches  long  between  centers  of  bearings.  It 
also  contains  a  span  428  feet  long,  having  a  suspended  floor  for  the  railroad  traffic  which 
is  lifted  vertically  to  provide  the  necessary  clearance  for  navigation.  Some  of  the 
connecting  or  gusset  plates  measure  1311  by  {i  inch  and  18  feet  10  inches  long. 
The  composite  vertical  connecting  plate  on  each  side  of  the  truss  members  at  some 
joints  was  made  by  placing  side  by  side  three  separate  plates  of  different  sizes. 

Previous  to  1911  the  longest  span  for  a  riveted  simple  truss  in  the  United  States 
was  300  feet  10  inches,  built  in  1907.  During  1911  the  new  spans  of  the  high  bridge 
over  Kentucky  River  were  built  with  a  length  of  353  feet.  Although  having  at  pres- 
ent only  a  single  track,  it  was  designed  to  carry  a  double-track  railroad,  with  E  60 
loading  per  track.  The  French  River  Bridge  of  the  Canadian  Pacific  Railway,  built 
in  1908,  contains  the  longest  riveted  simple  span  in  Canada,  its  length  being  412  feet 
8  inches. 

The  longest  span  of  any  swing  bridge  in  this  country,  or  in  the  world,  is  521  feet. 
The  bridge  carries  the  Portland  and  Seattle  Railroad  across  the  Willamette  River  at  St. 
Johns,  Oreg.,  and  was  completed  in  1908.  It  is  a  double-track  bridge,  designed  for  a 
live  load  slightly  in  excess  of  E  50  loading.  The  quality  of  steel  is  about  20  per  cent 
higher  than  that  commonly  used  in  ordinary  railroad  work  at  the  time  of  its  construc- 
tion. The  workmanship  is  similarly  of  a  high  class.  In  each  arm  of  the  span  the 
trusses  have  10  panels,  24^  feet  long,  while  the  tower  panel  is  31  feet  long.  Their 
depth  varies  gradually  from  34  to  67  feet,  but  at  the  tower  the  depth  is  90  feet.  The 
trusses  are  spaced  31  feet  between  centers. 

One  of  the  two  swing  spans  in  the  bridge  over  the  Missouri  River  at  East  Omaha, 
Nebr.,  is  520  feet  long  and  was  completed  in  1893,  while  the  other  one  is  nearly  8 
inches  shorter  and  was  built  10  years  later. 


Digitized  by  VjOOQIC 


ENGINEEBING.  163 

Since  two  oth^  papers  presented  before  the  engineering  section  of  the  congress  are 
devoted  especially  to  direct  lift,  and  to  bascule  bridges,  it  is  desirable  in  this  con- 
nection, merely  to  state  that  the  longest  span  of  any  direct  lift  bridge  in  which  the 
trusses  as  well  as  the  floor  system  are  lifted,  is  220  feet.  The  bridge  was  completed  in 
1912,  and  carries  the  traffic  of  the  Or^^on- Washington  Railroad  &  Navigation  Co.,  as 
well  as  a  street  over  the  Willamette  River,  at  Portland,  Oreg.,  the  railroad  deck  being 
suspended  below  the  trusses.  The  longest  span  of  any  bascule  bridge  having  a  single 
leaf  is  235  feet,  being  that  of  the  Baltimore  d  Ohio  Railroad  bridge  over  Calumet 
River,  South  Chicago,  built  in  1913.  The  longest  span  of  a  double-leaf  bascule  bridge 
is  336  feet,  thus  giving  a  larger  clear  opening  (279  feet)  than  that  of  the  longest  swing 
span.  The  bridge  is  on  the  Canadian  Pacific  Railway,  over  the  United  States  Ship 
Canal  at  Sault  Ste.  Marie,  and  was  also  completed  in  1913. 

The  only  aerial  ferry  bridge  in  this  country  is  located  at  Duluth,  Minn.,  and  crosses 
the  United  States  Ship  Canal  at  Lake  Avenue.  It  consists  of  a  riveted  simple  truss 
span,  393  feet  9  inches  long,  being  supported  upon  two  towers  with  a  clearance  of  135 
feet  above  the  water  surface.  The  suspended  ferry  car  which  conveys  vehicles  and 
foot  passengers  across  the  canal  is  operated  by  electric  power,  the  trolley  track  being 
on  the  lower  chords  of  the  trusses.  It  was  designed  to  meet  very  unusual  traffic  con- 
ditions, and  the  requirements  of  navigation,  and  was  erected  in  1905. 

A  continuous  truss  bridge,  the  stresses  in  which  are  statically  indeterminate,  is 
now  under  construction  across  the  Ohio  River  at  Sciotoville,  Ohio.  It  has  two  spans, 
each  775  feet  long.  It  is  a  double-track  railroad  bridge,  and  is  designed  for  E  60  load- 
ing on  each  track.  The  panel  length  is  the  same  as  the  spacing  of  the  trusses,  38  feet 
9  inches.  The  depth  of  the  trusses  ranges  from  77}  feet  at  the  ends  to  129  feet  2  inches 
at  the  center  pier.  The  web  members  of  the  trusses  are  arranged  like  the  Warren 
system,  with  subdivided  panels,  and  the  joints  are  riveted  throughout.  The  largest 
connecting  or  gusset  plates  are  135  by  If  inches  by  14  feet  9  inches,  and  140  by  W 
inches  by  18  feet  2  inches,  the  largest  rivets  being  1^  inches  in  diameter,  with  a  grip 
of  7  j  inches.  The  chord  members  are  made  stiff  throughout.  The  floor  beams  are  of 
unusual  design,  being  U-shaped  with  the  sides  extending  up  along  the  posts  to  the 
overhead  sway  bracing.  A  horizontal  truss  is  provided  in  every  panel  to  transmit  to 
the  trusses  the  longitudinal  traction  due  to  braking  the  trains,  without  bending  the 
floor  beams  laterally.  A  comparison  was  made  with  other  designs  consisting  of  simple 
trusses  and  of  cantilever  trusses,  which  showed  a  material  economy  in  favor  of  con- 
tinuous trusses. 

Heretofore,  there  was  only  one  statically  indeterminate  truss  bridge  in  America, 
that  crossing  the  St.  Lawrence  River  at  Lachine,  near  Montreal,  Canada,  but  this  was 
replaced  by  simple  truss  spans  in  1912-13.  Its  spans,  however,  were  only  408  feet 
long. 

The  longest  span  in  a  cantilever  bridge  yet  completed  in  America  is  1 ,  182  feet.  The 
bridge  crosses  the  East  River  and  BlackwelPs  Island  at  New  York  City,  is  known  as 
the  Queensboro  Bridge,  and  was  completed  in  1909.  It  is  unique  in  having  no  sus- 
pended span  between  the  opposite  cantilever  arms  in  each  cantilever  span.  Hence 
any  load  on  one  cantilever  arm  causes  stress  throughout  the  entire  truss  bridge.  It 
was  designed  to  carry  highway  traffic,  including  trolley  cars  and  elevated  railroad 
trains  on  two  decks.  It  was  so  extensively  described  during  the  six  years  of  its  con- 
struction in  engineering  periodicals  that  further  details  will  not  need  to  be  mentioned 
here.  The  available  space  will  be  devoted  to  a  description  of  two  noteworthy  canti- 
lever bridges  of  shorter  span  which  represent  important  advances  in  construction,  as 
well  as  to  another  bridge  of  unusual  magnitude  which  is  not  yet  finished. 

The  Pittsburgh  <fe  Lake  Erie  Railway  bridge  over  the  Ohio  River  at  Beaver,  Pa., 
has  a  cantilever  span  of  769  feet,  and  two  anchor  spans  of  320  feet  each .  The  su^ended 
span  is  285  feet  long.    It  is   a  double-track  bridge,  designed  for  E  60  loading,  and 
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passenger  trains  pass  over  it  at  a  speed  of  55  miles  per  hour.  The  web  members  of  the 
trusses  form  a  single-intersection  system  having  verticals  and  diagonals,  with  sub- . 
divided  panels.  Its  most  important  features  of  design  include  the  following:  All 
built  members,  except  the  tower  posts,  are  spliced  for  full  section;  the  compression 
chords  have  a  central  system  of  latticing  to  connect  the  webs  as  well  as  substantial 
latticing  on  both  top  and  bottom,  and  efficient  transverse  diaphragms  at  short  inter- 
vals; expansion  bearings  for  stringers  are  provided  in  alternate  panels;  horizontal 
skidgirders  are  connected  to  the  trusses  at  the  midhei^t  of  cars  to  protect  the  truss 
members  in  case  of  derailment;  tapered  rivets  are  used  where  the  grip  is  so  long  as  to 
make  tight  driving  difficult  with  ordinary  cylindrical  rivets;  pin  bushings  are  used 
at  pins  where  expansion  motions  of  the  structure  are  concentrated;  a  roller  bearing 
forming  a  frictionless  hinge  in  each  main  support  on  the  channel  piers  is  provided  to 
eliminate  distortion  due  to  bending  at  this  heavy  panel  point;  a  wedge  bearing  at  each 
anchorage  keeps  the  anchor  bars  imder  constant  tension,  provides  for  expansion  of 
the  anchor  span,  and  in  connection  with  it  provides  a  separate  reaction  for  wind 
stresses;  and  all  members  are  assembled  in  the  yard  of  the  bridge  shop  in  their  rela- 
tive position  imder  deflection  due  to  dead  load. 

Perhaps  no  better  illustration  can  be  given  to  show  the  adArance  in  loading  design 
and  construction  since  1892  than  a  comparison  of  the  new  cantilever  bridge  now  being 
erected  at  Memphis,  Tenn.,  and  the  old  one  near-by,  since  both  structures  have  the 
same  spans  in  nearly  all  cases.  Only  a  few  details  have  yet  been  published.  A 
noteworthy  feature  is  the  omission  of  transverse  bracing  in  some  of  the  panels,  while 
increasing  the  strength  of  those  remaining  and  also  simplifying  their  form.  The 
design  of  main  members  and  details  represents  excellent  modem  practice.  An  alloy 
steel,  known  as  Mayari  steel,  is  being  used  in  the  structure. 

The  cantilever  bridge  now  under  construction  over  the  St.  Lawrence  River  near 
Quebec,  Canada,  will  have,  when  completed,  not  only  the  longest  cantilever  span  in 
America,  but  in  the  world,  namely,  1,800  feet.  The  length  of  the  suspended  span  is 
640  feet;  of  the  cantilever  arms,  580  feet;  and  of  the  anchor  spans,  515  feet.  The  trusses 
are  88  feet  apart  and  the  suspended  span  is  110  feet  deep.  The  main  posts  over  the 
piers  are  310  feet  high  between  centers  of  chords.  Each  one  consists  of  four  separate 
columns  of  H  section,  latticed  together  into  a  single  column.  Compression  members 
have  four  webs,  which  are  connected  by  longitudinal  diaphragms  throughout  and 
by  transverse  diaphragms  spaced  at  intervals  of  15  feet  apart,  as  well  as  by  effective 
latticing  on  top  and  bottom.  The  laigest  section  area  of  a  member  is  1,902  square 
inches.  The  lower  chord  in  the  anchor  arm  is  10  feet  wide,  and  varies  in  depth 
from  4  feet  1}  inches  at  the  end  to  7  feet  at  the  shoe  on  the  pier.  The  largest  tension 
member  in  the  upper  chord  contains  32  eyebars,  16  by  2^  inches,  giving  a  section  area 
ef  1,120  square  inches.  Each  shoe  weighs  400  tons,  its  largest  single  casting  being  70 
tons.  Nickel  steel  is  used  except  for  the  floor  system,  the  anchor  spans  and  parts  of 
the  cantilever  arms.  The  rivets  are  },  1,  and  1)  inches  in  diameter,  the  largest  size 
being  used  for  a  grip  of  5^  inches  and  over.  The  rivets  are  also  tapered.  The  floor 
beams  at  main  panel  points  of  the  truss  are  double,  extend  past  the  posts  and  are  pin 
connected  to  them.  Each  track  is  carried  by  a  series  of  through  plate-girder  bridges 
supported  by  the  floor  beams.  On  account  of  the  magnitude  of  the  members,  account 
is  taken  of  the  differences  in  temperature  between  webs  exposed  to  the  sun  and  those 
shaded.  Friction  brakes  of  250,000  pounds  capacity  are  used  to  prevent  excessive 
longitudinal  oscillations  of  the  suspended  span  under  the  tractive  forces  of  trains. 

The  trusses  of  the  Quebec  Bridge  have  all  center  lines  of  members  in  vertical  planes, 
to  secure  simplicity  in  details  and  connections,  and  to  reduce  the  hazard  of  erection. 
In  form,  the  trusses  have  a  E  system  of  web  members  in  the  anchor  and  cantilever 
arms.  This  arrangement  facilitates  erection,  reduces  the  sizes  of  web  members,  the 
number  of  secondary  members,  and  simplifies  the  details  of  connections.  It  also 
economizes  material,  secures  uniform  deflections,  and  improves  the  general  appearance. 
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Latoal  wind  bracing  between  the  top  chorde  of  the  anchor  and  cantilever  arms  are 
omitted,  thus  avoiding  ambigmty  in  the  trananiwion  of  wind  loads  to  the  auppoits. 
It  alao  avoids  some  secondary  stresses  dne  to  the  torsion  of  trusses  ^en  only  one  track 
is  loaded.  The  latticing  of  all  compression  members  is  made  strong  enoni^  to  resist  a 
transverse  shear  equal  to  2  per  cent  of  the  cfirect  stress  in  the  member.  The  bottom 
chords  of  both  aadior  and  cantilever  spans  have  riveted  connections  throu^out 
except  at  the  main  piers  where  pin  bearings  are  nsed  to  avoid  excessive  secondary 
stresses.  It  is  instructive  to  note  that  the  Quebec  Bridge  weighs  8.7  tons  per  f6ot  near 
the  center  and  S8  tons  per  foot  near  the  pieis.  Hie  deflection  of  the  span  under  full 
live  load  is  11}  inches.  All  secondary  stresses  wen  calculated  and  provided  for  in  the 
design,  except  for  those  in  the  eyehtm  due  to  their  own  weigh! 

The  longest  iqpan  of  a  suspension  bridge  is  1,600  feet  between  centers  of  towers.  It 
is  that  of  the  Williamsbuigh  Bridge  over  East  River,  N.  Y.,  and  was  finished  in  1904. 
The  end  spans,  each  596.5  feet  long,  are  not  supported  from  the  cables.  Hie  floors 
have  a  dear  width  of  185  feet  and  accc»nmodate  two  elevated  railroad  tracks,  four 
trdley  tnuto,  two  20-foot  roadways,  two  10-foot  footwalks,  and  two  7-foot  bicycle  paths. 
It  has  a  clearance  of  185  feet  above  the  river.  There  are  two  cables  on  each  side  18| 
inches  in  diameter.  The  stiffening  trusses  are  lattice  girders  40  feet  deep  and  67  feet 
apart,  which  are  continuous  between  the  towers.  The  towers  are  of  structural  steel, 
extending  835  feet  above  high-water  level. 

Next  in  order  in  length  of  span  is  the  world-famous  Brooklyn  Bridge,  completed 
in  1888,  its  span  bdng  1,595.5  feet.  The  Manhattan  Bridge,  located  next  to  the 
Brooklyn  Bridge,  was  completed  in  1909.  While  its  span  is  only  1,470  feet,  its  design 
and  construction  represent  a  marked  advance  over  that  of  the  Williamsburj^  Bridge. 
It  has  four  cables  20}  inches  in  diameter,  the  largest  ever  used.  The  end  spans,  each 
725  feet  long,  are  also  suppcvted  by  the  cables.  It  has  four  stiffening  trusses,  which 
are  spaced  28,  40,  and  28  feet,  respectively.  They  are  only  84  feet  deep,  and  hare  a 
single  system  of  web  members.  The  lower  deck  is  120  feet  wide  and  contains  two 
sidewalks,  four  tndley  tracks,  and  a  roadway.  The  four  tracks  of  the  elevated  rail- 
road are  jdaced  on  two  elevated  decks.  The  curve  of  each  cable  is  tangent  to  tke  top 
chord  of  a  stiffening  truss.  Unusual  attention  was  given  to  the  aroMtectttiai  treat- 
ment of  the  towers  and  other  elements  oi  the  structure.  It  is  eae  off  Uie  handsemest 
suspension  bridges  in  the  world. 

The  largest  steel  arch  bridge  in  the  woM  is  now  under  construction  over  Bast  River 
and  is  known  as  the  Hell  Gate  Bridge.  Its  two  arches  erected  by  the  cantilever 
method  were  made  self-supporting  on  October  1,  1915.  This  ia  a  four-traok  railroad 
bridge  on  the  line  of  the  New  York  Ck>nnecting  Railroad,  two  tracks  being  devoted 
to  passenger,  and  two  to  freight  traffic.  The  tracks  are  laid  on  ballasted  concrete 
flooring.  The  assumed  live  load  is  B  60  loading  on  each  track.  The  arch  has  a  span 
of  977.5  feet  between  centers  of  end  hinges,  while  the  distance  between  the  tower 
laces  is  1,016  feet  10  inches.  The  lower  ch(»d  has  a  rise  of  220  feet.  The  depth 
at  the  crown  is  40  feet,  and  at  the  ends,  140  feet.  The  arch  rises  to  a  hii|^t  of 
810  feet  above  mean  high  water,  while  the  towers  extend  to  240  feet  above  the 
ground.  The  clearance  for  navigation  is  135  feet.  The  trusses  are  60  feet,  center  to 
center,  but  the  floor  system  is  98  feet  wide.  The  lower  chord  of  the  arch  is  ^  ieet 
wide,  and  varies  in  depth  from  7)  feet  at  the  crown,  to  11)  feet  at  the  skewback.  Its 
maximum  stress  is  28,650,000  pounds,  and  its  maximum  section  area  is  1,384  square 
inches.  The  lower  chord  has  a  very  robust  and  rigid  make-up.  Each  of  the  two 
web  plates  consists  of  a  single  plate,  2  inches  thick;  there  are  side  plates  at  the  top, 
middle,  and  bottom,  12  angles,  and  a  longitudinal  diaphragm  in  the  middle.  The 
largest  gusset  plate  is  1|  inches  thick,  10  feet  wide,  and  17)  feet  kmg.  The  largest 
rivets  are  1)  inches  in  diametw,  and  have  a  grip  of  10  inches.  The  floor  beams  have 
double  webs  9  feet  deep,  are  93  feet  long,  and  have  pin  c<mnectians  to  the  suspenden. 
They  are  spaced  42)  feet  apart.    Their  ends  are  coimected  by  longitudinal  members 
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00  as  to  form  a  lateral  troBS  of  the  full  width  of  the  floor  Bystem.  The  design  of  the 
tipper  and  lower  lateral  bracing  of  the  arch  and  of  the  floor  system  contain  some  novel 
features  in  order  to  avoid  ambiguity  in  the  transmission  of  wind  loads,  and  to  carry 
them  to  the  abutments  in  the  most  direct  manner.  Heavy  horizontal  plate  girders 
are  provided  where  the  floor  system  meets  the  lower  chords  in  order  to  transfer  the 
braking  action  of  trains  to  the  arches.  There  is  only  one  expansicm  j(^t  in  the  floor 
system.  Anothw  decided  innovation  limits  the  bearing  in  the  joints  of  compression 
members  to  Hie  middle  third  of  each  web  plate  until  the  members  are  riveted  up, 
thus  fcnrming  special  pivot  or  rocker  joints  during  erection.  The  arches  in  erection 
were  allowed  to  take  bearings  at  first  only  on  the  bottom  chord .  The  middle  member 
of  Hie  top  chord  will  be  riveted  up  only  after  the  dead  load  is  all  in  place  and  at  the 
mean  temperature.  The  dead  load  stresses  will,  therefore,  be  distributed  according 
to  the  law  of  the  three-hinged  arch,  while  the  live  load  and  temperatiire  stresses  will 
be  distributed  in  accordance  with  the  law  of  the  two-hinged  arch.  The  reversed 
curvature  of  the  upper  chord  is  original  in  bridge  construction,  and  contributes  ma- 
terially to  the  architectural  relation  between  the  steel  arches  and  the  concrete  towers. 
High  carbon  steel  is  used  in  the  construction.  The  10  miles  oi  railroad  on  which  the 
Hell  Gate  Bridge  is  located  contains  3  miles  of  bridges  and  viaducts.  The  road  is 
estimated  to  cost  about  $30,000,000. 

Next  to  this  bridge  in  length  of  span  ranks  the  Niagara  and  Clifton  arch  bridge  at 
Niagara  Falls,  completed  in  1898.  It  is  a  highway  structure,  its  span  being  840  feet 
between  centers  of  end  hinges.  Its  arches  have  chords  which  are  nearly  parallel, 
and  belong  to  the  two-hinged  type.  The  longest  span  in  a  three-hinged  arch  is  540 
feet.  This  bridge  crosses  the  Connecticut  Elver  at  Rockingham,  Yt.,  and  was  com- 
pleted in  1905.  The  celebrated  Eads  arch  bridge  over  the  Mississippi  Biver  at  St. 
Louis,  contains  the  longest  steel  arches  without  hinges.  The  span  is  519  feet  9} 
inches.  The  bridge  was  finished  in  1874  and  carries  a  highway  on  the  upper  deck 
and  a  double-track  railroad  on  the  lower  deck. 

The  Icmgest  reinforced-concrete  arch  in  America  has  a  clear  span  of  300  feet  4| 
inches  and  a  clear  rise  of  67  feet.  The  span  and  rise  of  the  neutral  axis  are  312  feet 
and  70  feet,  respectively.  It  is  in  the  Larimer  Avenue  Bridge  in  Pittsburgh,  Pa., 
and  was  ccmpleted  in  1912.  The  main  span  contains  two  ribs  8  feet  wide  spaced  30 
feet  between  centers.  The  depth  of  the  ribs  varies  from  ^  feet  at  Hie  crown  to  11 
feet  at  the  skewbacks.  They  are  connected  at  intervab  by  reinforced-concrete 
struts,  having  their  sides  in  vertical  planes.  The  roadway  is  Bupi>orted  by  a  slab  and 
beam  floor,  the  load  from  the  floor  beams  being  carried  to  the  arch  ribs  by  colunms. 
At  the  top  Hie  columns  are  connected  by  arched  beams,  thus  giving  the  appearance  of 
qMadrd  arches  above  Hie  main  arch  ribs.  Expansion  joints  in  the  roadway  are 
located  between  the  piers  instead  of  at  the  piers.  The  architectural  features  of  the 
bridge  have  received  careful  study. 

The  next  shorter  spans  of  concrete  arches  are  those  of  the  Monroe  Street  Bridge, 
at  Spokane,  Wash.,  and  the  Rocky  River  Bridge,  near  Cleveland,  Ohio.  Their 
clear  q^Nins  are  281  feet  and  280  feet,  and  they  were  completed  in  1911  and  1910, 
respectively.  In  the  Rocky  River  arch,  the  roadway  is  supported  by  two  parallel 
ardi  rings,  18  feet  wide,  separated  20  feet  at  the  crown,  and  by  spandrel  arches  above 
the  arch  rings. 

Another  reinforced  concrete  bridge  deserves  especial  mention  in  this  connection, 
not  because  of  the  clear  span  of  the  arches,  since  that  is  only  180  feet,  but,  because  c4 
the  magnitude  of  the  structiure  as  a  whole.  It  is  the  largest  concrete  structure  in  the 
world.  This  refers  to  the  Tunkhannock  Viaduct  at  Nicholson,  Pa.,  on  the  Delaware, 
Lackawanna  &  Western  Railroad,  a  double-track  structure,  opened  for  trafiOic  on 
November  6, 1915.  Its  length  is  2,375  feet,  and  its  height  above  the  stream,  240  feet. 
The  floor  is  carried  on  spandrel  arches,  placed  on  top  of  the  main  arches.  The  viaduct 
contains  4,509,000  cubic  feet  of  concrete  and  2,280,000  pounds  of  reinfwcing  steel. 
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Two  of  the  piers  required  an  excavation  of  95  feet  below  the  ground  surface  loac  their 
foundati(Mi8.  Several  other  large  concrete  viaducts,  but  (d  leaser  magnitude  than 
the  one  described,  are  located  on  the  same  railroad. 

Two  concrete  viaducts  in  Cleveland,  about  2,900  feet  and  1,900  feet  in  length  are 
referred  to  in  the  bibliography  accompanying  this  paper,  and  are  worthy  of  study. 

The  remarkable  progress  in  the  construction  of  long-span  bridges  which  has  occurred 
in  the  last  half  decade  has  been  due  to  several  causes:  (1)  To  the  use  of  a  higher  grade 
of  steel,  including  nickel,  liayari,  silicon,  and  high  carbon  steels;  (2)  to  improvements 
in  shop  facilities  and  methods;  and  (3)  to  better  means  for  the  transportation  of  large 
members.  In  bridge  design,  one  very  important  advance  relates  to  the  composition 
of  compression  members  as  a  result  of  numerous  large  tests  made  on  columns  since  the 
failure  of  the  old  Quebec  Bridge.  More  attention  has  been  given  to  such  details  as 
latticing.  The  increasing  use  of  the  cantilever  method  of  erection  even  for  simple 
span  trusses  has  led  to  the  design  of  stiff  chords  where  eyebars  used  to  be  employed. 
Secondary  stresses  have  received  considerable  study  and  defiigns  are  arranged  where 
possible  to  reduce  them  so  far  as  possible,  and  to  provide  for  those  which  are  unavoid- 
able. The  lateral  and  transverse  bracing  is  simplified,  and  the  transfer  of  wind  loads 
made  more  effective.  Another  very  important  advance  relates  to  such  a  modifica- 
tion of  ordinary  methods  of  erection  as  to  secure  a  close  agreement  between  the  actual 
stresses  in  the  structure  and  those  for  which  it  is  designed.  This  applies  especially 
to  steel  arches.  In  conclusion,  it  may  be  said  that  at  no  time  in  the  history  of  the 
world  have  so  many  unusually  laige  bridges  been  under  construction  as  at  the  present 
time,  and  involving  so  many  improvements  in  design  and  construction. 

Because  of  the  limits  set  for  this  paper  it  has  been  deemed  impracticable  to  give 
adequate  recognition  to  the  engineers  and  contractors  represented  by  the  bridges 
named.  The  reader  is,  therefore,  referred  to  the  following  references  to  engineering 
literatore  for  such  information. 

BIBUOORAFHY. 

Municipal  Bridge:  Eng.  News,  Feb.  8, 1912;  Eng.  Rec,  Dec.  3, 1910;  Oct.  30, 1909, 
Apr.  13,  1912. 

Kentucky  and  Indiana  Bridge:  Eng.  Bee,  Nov.  23,  1912. 

Metropolis  Bridge:  Eng.  Rec,  July  10,  1915. 

Kentucky  River  ffigh  Bridge:  Eng.  News,  Apr.  27, 1911;  Eng.  Rec,  Dec  31, 1910. 

French  River  Bridge:  Trans.  Can.  Soc  C.  E.  (1908),  vol.  22;  Eng.  Rec,  Aug.  28, 
1909;  Eng.  News,  July  23,  1908. 

Portland  Swing  Bridge  (Willamette  River):  Report  on  the  Vancouver-Portland 
Bridges,  by  R.  Modjeski. 

East  Omaha  Bridge:  Eng.  News,  Jan.  22,  1903;  Eng.  Rec,  Jan.  24,  1903. 

Aerial  Ferry  Bridge:  Trans.  Am.  Soc.  C.  E.  (1905),  vol.  55. 

SciotoviUe  Bridge:  Eng.  News,  July  8,  1915;  Eng.  Rec,  June  26,  1915. 

Queensboro  Bridge:  Report  of  the  Department  of  Bridges,  New  York  City;  Eng. 
News,  Sept.  3, 1903;  Eng.  Rec,  Feb.  28,  Aug.  22, 1903;  May  20,  27,  June  10,  1005. 

Beaver  Bridge:  Trans.  Am.  Soc  C.  E.  (1911),  vol.  73;  Eng.  Rec,  Jan.  28  to  July  1, 
1911;  Eng.  News,  Jan.  26,  1911. 

Memphis  Bridge:  Eng.  News,  Nov.  6,  1913;  Apr.  22, 1915;  Eng.  Rec,  Nov.  8,  1913. 

Quebec  Bridge:  Jour.  Frank.  Inst.,  Sept.,  1913;  Eng.  News,  1911,  1914,  1915; 
Eng..  Rec,  1911,  1914,  1915;  Ry.  Age  Gaz.,  Sept.  26,  1913;  Sept.  11,  1914. 

Williamsburgh  Bridge:  Reports  of  the  Department  of  Bridges,  New  York  City; 
Eng.  News,  1898  to  1904,  Feb.  17, 1908;  Eng.  Rec,  1898  to  1904;  Aug.  21,  1909. 

Manhattan  Bridge:  Eng.  Rec,  July  29, 1905;  Eng.  News,  July  7,  1904;  Aug.  3, 1905; 
Apr.  15, 1908;  Reports  of  Department  of  Bridges,  New  York  City. 

Hell  Gate  Arch:  Eng.  Rec,  June  27,  Sept.  12,  Sept.  26, 1914;  Aug.  21,  Oct.  9, 1915; 
Eng.  News,  Jan.  8,  1914;  Ry.  Age  Gaz.,  Nov.  10,  1911. 

Larimer  Avenue  Arch:  Eng.  News,  Dec  19,  1912;  Eng.  Rec,  Dec  21,  1912. 
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Rocky  River  Arch:  Eng.  Rec,  Jan.  1,  1909;  Eng.  News,  June  15,  1911. 
Monroe  Street  Arch,  Spokane:  Eng.  News,  Sept.  2,  1909. 
Tunkhannock  Viaduct:  Eng.  Rec.,  May  3,  1913;  July  10,  Nov.  6, 1916;  Eng.  NewB, 
June  13    1912;  Nov.  11,  1915. 
Detroit-Superior  Bridge:  Eng.  News,  June  18,  1914. 
Brooklyn-Brighton  Viaduct:  Eng.  News,  Sept.  9,  1915. 

The  Chairman.  Does  anyone  wish  to  ask  Prof.  Jacoby  any  ques- 
tions before  he  leaves  the  floor  i 

Mr.  Waddell.  I  would  like  to  speak  of  the  possibilities  of  long-span, 
simple-truss  bridges.  As  long  as  20  years  ago  or  more  I  designed  two 
structures  in  competition.  These  were  for  bridges  across  the  Danube 
at  Budapest.  One  span  was  1,040  feet  and  the  other  1,100  feet.  I 
worked  them  out  in  plain  carbon  steel.  In  those  days  we  were  not 
using  very  much  impact,  and  I  thought  1,100  feet  would  be  the 
extreme  limit.  I  have  been  investigating  of  late  years  on  long-span 
bridges  in  aUoy  steels. 

Prof.  Jacoby.  It  is  rather  interesting  to  see  to-day  how  different 
engineers  are  using  high-carbon  steel  in  their  structures.  Nickel  steel, 
Mayari  steel,  and  silicon  steel  are  all  being  used  at  practically  the 
same  time. 

Mr.  Waddell.  Nickel  steel  is  by  far  the  best,  but  the  price  of 
nickel  went  up  so  high  that  some  other  alloy  steel  would  have  been 
used  of  late,  if  there  could  have  been  found  one  at  a  reasonable  figure. 
I  have  long  been  searching  for  a  suitable  alloy  steel.  We  need  a  high- 
alloy  steel  for  long-span  bridges,  and  I  have  been  hoping  to  find  one 
with  80,000  pounds  elastic  limit  for  eye-bars  and  75,000  pounds  for 
plate  steel.  As  for  Mayari  steel,  it  is  a  very  good  sted.  I  think  it 
is  destined  to  supplant  the  ordinary  carbon  steel  for  short-span 
bridges  and  bridges  of  fairly  long  span.  If  the  manufactiu'ers  ever 
care  to  do  so  they  can  put  it  on  the  market  at  very  little  more  than 
the  price  of  ordinary  carbon  steel,  and  it  has  an  elastic  limit  nomi- 
nally of  50,000  pounds  to  the  square  inch.  They  live  up  to  that 
specification,  but  actually  they  run  pretty  near  60,000  pounds  to  the 
square  inch,  but  they  do  not  dare,  on  account  of  irregularities,  to  go 
over  50,000.  You  can  see  the  economy  if  you  add  one-half  cent  a 
pound  to  the  current  price  of  ordinary  steel  and  use  the  Mayari  steel, 
for  you  have  a  ratio  of  elastic  limits  of  50,000  to  35,000.  That  is 
the  great  advantage  in  using  Mayari  steel. 

The  Chaibman.  I  would  Uke  to  ask  Mr.  Villal6n,  from  whose 
country  this  steel  comes,  to  say  something  about  it. 

Mr.  ViLLALON.  In  the  last  few  years  a  kind  of  iron  ore  has  been 
found  in  Cuba  that  has  permitted  the  manufacturing  of  a  high-grade 
steel.  A  very  large  bed  has  been  found  on  the  north  coast  of  the 
eastern  pait  of  Cuba  in  the  shape  of  ferruginous  earth,  containing 
both  nickel  and  cobalt  in  addition  to  metallic  iron.    The  pioneer 
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company  in  developing  this  kind  of  ore  has  been  the  Spanish- 
American  Ore  Co.,  with  which  I  was  formerly  connected  in  hard-ore 
mining.  It  is  mined  the  same  way  as  the  ore  in  the  Mesabic  Range 
in  the  western  part  of  the  United  States.  It  is  not  only  a  low-grade 
ore  but  it  contains  about  33  per  cent  of  water,  and  it  has  to  be 
subjected  to  a  preliminary  operation  before  shipping  to  the  United 
States.  It  is  called  neutralizing.  They  extract  the  water  and  at  the 
same  time  concentrate  the  preferable  part  of  the  ore.  The  Spanish- 
American  Ore  Co.  controls  about  700,000,000  tons.  Other  companies^ 
the  Bethlehem  Steel  Co.,  the  Montana  Exploration  Co.,  etc.,  control 
an  average  of  about  600,000,000  to  700,000,000  tons,  and  there  are 
larger  beds,  aggregating  probably  about  700,000,000  tons,  which  have 
not  been  yet  denoimced  or  claimed.  The  Spanish-American  Iron  Co. 
is  shipping  now  a  considerable  quantity  to  the  United  States.  They 
have  made  exhaustive  workings,  aggregating  altogether  about  six  or 
seven  milhon  dollars  at  the  shipping  ports,  and  they  are  prepared  to 
ship  an  average  of  three,  four,  or  five  thousand  tons  a  day,  as  required. 
Mr.  BuBB.  The  subject  of  long-span  bridges  has  one  feature  which 
I  have  not  heard  discussed.  It  may  be  interesting  in  that  connec- 
tion to  state  that  41  years  ago  last  sxunmer  a  board  of  engineers  was 
created  by  the  then  President  of  the  United  States,  through  the  Sec- 
retary of  War,  to  investigate  the  maximum  length  possible  for  a  singlo- 
span  railroad  bridge  with  reference  to  the  possibility  of  bridging  the 
North  River  at  New  York  City  with  a  single  span  at  a  location 
where  the  river  width  was  not  less  than  3,100  feet.  At  that  time  the 
Union  Bridge  Co.,  the  predecessor  of  the  present  American  Bridge 
Co.,  was  interested  in  a  project  of  a  cantilever  bridge  of  a  maximimi 
span  of  about  2,000  feet;  but  the  shipping  interests  of  New  York  City 
objected  to  having  a  pier  in  the  river.  The  board  investigated  the 
possibility  of  a  long-span  bridge  as  a  result  of  that  agitation.  With- 
out going  into  the  details  of  that  work,  which  are  in  print  as  a 
report  of  that  commission,  it  was  demonstrated  by  actual  figures  that 
it  was  entirely  feasible  to  build  a  suspension  bridge  of  more  than 
3,100  feet  in  length,  which  is  a  true  long-span  bridge.  Of  coxirse  we 
know  at  the  present  time  that  by  the  quahty  of  material  available 
and  facilities  for  shopwork,  even  that  length  of  span  may  be  con- 
siderably exceeded.  It  is  an  interesting  fact  that  much  was  estab- 
lished so  long  ago,  especially  in  view  of  the  statement  of  the  parties 
interested  in  the  cantilever  construction  that  no  span  exceeding  2,800 
feet  in  length  could  possibly  hold  its  own  weight. 

The  Chaibman.  We  might  go  back  further  and  say  that  45  engineers 
in  this  country  of  high  standing  made  a  report  that  Capt.  Eads's 
span  would  not  hold  up  its  own  weight.  Dr.  J.  A.  L.  Waddell  has 
the  next  paper,  with  lantern  shdes,  on  "Vertical  Lift  Bridges.*' 
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VERTICAL  LIFT  BRIDGES. 

By  J.  A.  L.  WADDELL. 

When  the  publication  committee  of  the  Second  Pan  American  Scientific  Congras 
did  the  author  the  honor  to  invite  him  to  present  to  this  august  assembly  a  paper  on 
'*  Vertical  Lift  Bridges/'  with  special  reference  to  the  use  of  such  structures  in  Latin 
America,  he  was  able  to  accept  without  hesitation,  notwithstanding  some  very  hi^ 
pressure  from  other  important  professional  workf  for  the  reason  that  he  was  then 
engaged  on  the  preparation  of  the  MS.  of  an  exhaustive  and  elaborate  treatise  on 
'*  Bridge  Engineering  **  that  was  to  contain  four  chapters  on  the  subject  of  movable 
bridges,  incuding  one  devoted  exclusively  to  vertical  lifts.  Since  then  these  chap* 
ters  have  been  completed  but  not  yet  published,  and  the  author  has  taken  &e  lib- 
erty of  drawing  somewhat  extensively  from  their  contents  in  the  preparation  of  this 
paper. 

Before  beginning  to  deal  directly  with  the  allotted  subject,  it  will  be  well  to  consider 
briefly  that  of  movable  bridges  in  general,  in  order  to  indicate  how  the  vertical  lift 
bridge  has  been  evolved  and  with  what  other  tyi>es  of  movable  structures  it  has  had  to 
compete. 

The  history  of  movable  bridges  goes  back  into  the  dim  and  distant  past,  for  bascules 
were  used  over  the  moats  that  surrounded  castles  during  the  dark  ages,  and  the  pontoon 
bridges  of  the  Romans  imdoubtedly  had  i>ortions  that  could  be  removed  in  ord^  to 
permit  the  passage  of  vessels.  It  was  not  until  the  advent  of  timber  trusses  that  it 
became  possible  to  build  structures  across  navigable  streams,  and  then  arose  the 
problem  of  providing  a  passageway  for  both  vessels  and  bridge  traffic.  Bascules 
operated  by  hand  power  were  first  employed  for  this  purpose,  but  they  were  necessuily 
limited  to  very  small  openings,  hence  the  next  step  was  the  evolution  of  the  swing 
with  either  a  pivot  or  a  turntable;  and  when  iron  and  steel  took  the  place  of  timber,  it 
was  natural  that  the  wooden  rotating  draw  should  be  copied  in  metal.  For  many 
years  the  swing  bridge  served  its  purpose  excellently,  and  even  today  it  is  still  the  most 
common  kind  of  movable  span;  but  with  the  advent  of  great  business  on  the  water- 
ways its  defects  became  apparent.  In  narrow  channels  the  obstruction  of  the  stream 
by  the  pivot  pier  and  the  draw  protection  is  a  serious  matter,  as  far  as  navigation  is 
concerned;  and  in  many  cases  it  a£Fects  materially  the  hydraulic  r^;imen.  Again,  the 
time  required  for  opening  and  closing  a  swing  in  a  crowded,  city  is  far  greater  than  the 
populace  is  willing  to  submit  to  without  protest.  Besides,  the  dock  front  adjacent  to 
a  rotating  draw  is  not  available  for  business.  On  these  accounts  the  various  kinds  of 
lift  bridges  were  evolved  in  the  endeavor  to  occupy  less  space  and  waste  less  time. 

Movable  bridges  may  be  divided  into  the  following  classes:  (1)  ordinary  rotating 
draws;  (2)  bob-tailed  swing  spans;  (3)  hcnisontal  folding  draws;  (4)  shear-pole  draws; 
(6)  double,  rotating  cantilever-draws;  (6)  puUback  draws;  (7)  trunnion  bascule 
bridges;  (8)  rolling  bascule  bridges;  (9)  jack-knife  or  folding  bridges,  (10)  vertical  lift 
bridges,  (11)  gyratory  lift  bridges,  (12)  aerial  ferries,  transporter  bridges,  or  tran$» 
bordeurs;  and  (13)  floating  or  pontoon  bridges. 

Of  these  13  types  only  Nos.  1,  7,  8,  and  10  are  in  common  use  to-day,  Nos. 
2,  12,  and  13  are  employed  occasionally,  and  Nos.  3,  4,  5,  6,  9,  and  11  have  been 
relegated  into  oblivion. 

The  ordinary  rotating  draw  is  such  a  common  kind  of  movable  span  that  it  seems 
hardly  worth  while  to  describe  it  here.  Suffioe  it  to  say  that  it  is  quite  similar  in  con- 
struction to  the  usual  modem  fixed  spans,  that  it  rests  on  three  piers  with  either  three 
or  four  points  of  support  for  each  truss,  and  that  it  is  rim  bearing,  center  bearing,  or 
both  combiued. 

The  bascule  bridge  is  one  that  has  an  opening  crossed  by  either  one  or  two  movable* 
counterbalanced  arms  that  rotate  in  vertical  planes.  The  trunnion  bascule  turns  on  a 
horizontal  axle  that  is  either  permanent  in  respect  to  its  position  or  nearly  so,  while 
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the  axis  of  lotatbn  of  the  ordinary  types  of  rolling  bascule  bridges  moves  in  a  hori- 
zontal direction.  In  the  roller-bearing  type,  however  (of  which,  as  yet,  there  are 
very  few  built),  the  axis  of  rotation  does  not  change  its  position. 

The  vertical  lift  bridge  is  an  ordinary  span  suspended  generally  by  wire  ropes  from 
high  towers  and  counterbalanced,  its  action  being  similar  to  that  of  a  vertically 
opening  window. 

The  history  of  vertical  lift  bridges  has  been  thoroughly  worked  up  by  Henry 
Grattan  Tyrrell,  Esq.,  in  a  paper  presented  to  the  University  of  Toronto  Engineering 
Society,  published  in  Applied  Science  in  1912,  and  reprinted  in  pamphlet  form  by 
Mr.  Tyrrell.  It  is  well  worth  perusal  by  anyone  who  is  interested  in  the  evolution  of 
bridge  building.  Briefly  stated,  the  development  of  the  vertical  lift  bridge  is  as 
follows: 

The  first  one  of  which  there  is  any  record  was  a  30-foot  span  having  a  lift  of  6^  feet, 
being  a  portion  of  a  wooden  trestle  over  the  Danube  River  at  Vienna.  Subsequent 
to  this  a  number  of  very  short  spans  with  low  lifts  were  constructed  in  Europe.  The 
first  design  for  a  lift  of  any  importance  in  respect  to  both  span  and  rise  was  oiie  sub- 
mitted in  1850  by  Capt.  W.  Moorson,  of  London,  in  a  prize  competition  on  plans  for  a 
bridge  to  cross  the  Rhine  at  Cologne.  It  had  a  lifting  span  100  feet  long  and  about 
50  feet  wide,  with  a  rise  of  54  fee^.  The  prize  was  awarded  to  another  competitor. 
In  1867  a  design  was  made  by  Oscar  Roper,  of  Hamburg,  for  a  300-foot  lift  span  which 
could  be  raised  high  enough  to  permit  ocean-going  vessels  to  pass  beneath,  but  nothing 
ever  came  of  it.  In  1872  T.  E.  Laing  proposed  a  lift  span  in  a  bridge  over  the  River 
Tees  at  Newx)ort,  near  Middlesbrough,  England;  but  it  did  not  materialize.  The 
movable  span  was  to  be  200  feet  long,  the  lift  40  feet,  and  the  maximum  vertical 
clearance  90  feet.  It  was  to  be  operated  by  adding  and  withdrawing  water,  the  tank 
therefor  being  a  part  of  the  counterweight.  In  1878  there  was  an  elaborate  design 
for  a  lift  bridge  made  by  M.  H.  Matthyssens  for  a  crossing  of  the  Scheldt  at  Antwerp, 
involving  a  span  of  131  feet  and  about  the  same  clear  hei^t.  About  this  time  a  few 
small  spans  with  low  lifts,  generally  over  canals,  were  built  in  various  parts  of  Europe, 
but  until  quite  lately  no  vertical  lift  bridge  of  any  importance  has  been  constructed 
in  Europe. 

In  1872  Squire  Wliipple,  one  of  the  pioneers  in  American  bridge  building,  began 
to  design  and  built  short-lift  spans  with  small  rises  to  cross  the  canals  of  New  York 
State,  including  one  at  Syracuse  in  which  only  the  deck  moves.  During  the  next 
two  decades  a  number  of  small  vertical  lifts  were  built  across  canals  in  the  Eastern 
States,  and  a  few  were  constructed  abroad.  In  1892  the  author  proposed  for  a  crossing 
of  the  ship  canal  at  Duluth  a  vertical  lift  span  of  250  feet  with  a  vertical  clearance 
of  140  feet.  Ills  design  was  accepted  in  competition;  but  the  War  Department  pre- 
vented the  building  of  the  structure.  A  similar  bridge  of  130  feet  span  and  155  feet 
vertical  clearance  was  proposed  a  few  months  later  by  hin^for  a  crossing  of  the  South 
Chicago  River  at  South  Habted  Street,  Chicago.  His  proposition  was  accepted,  and 
the  bridge  was  built.  A  full  description  of  the  structure  is  given  in  a  paper  by  the 
author  published  in  the  Transactions  of  the  American  Society  of  Civil  Engineers  for 
January,  1895.  In  figure  1  is  shown  a  view  of  this  structure  with  the  span  par- 
tially raised. 

The  bridge  consists  of  a  single,  Pratt-truss,  throu^-span  of  130  feet,  so  supported 
and  constructed  as  to  permit  of  being  lifted  vertically  to  a  height  of  155  feet  above 
the  water,  the  clearance  at  the  lowest  position  being  15  feet,  thus  making  the  rise 
140  feet.  At  each  side  of  the  river  is  a  strong,  thoroughly-braced,  steel  tower  217  feet 
high,  carr>ing  at  its  top  four  built-up  steel  and  cast-iron  sheaves  12  feet  in  diameter, 
whidi  turn  on  12-inch  axles.  Over  these  sheaves  pass  the  H-inch  steel-wire  ropes 
(32  in  all)  which  sustain  the  span.    These  act  in  pairs,  with  an  equalizer  for  each  pair. 

The  counterweights,  which  just  balance  the  weight  of  the  span,  are  of  cast  iron. 
They  run  up  and  down  in  guide  frames  attached  to  the  towers. 
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The  weight  of  the  cables  is  counterbalanced  by  that  of  wrought-iron  chains,  making 
with  the  said  cables  continuous  loops. 

Between  the  tops  of  the  towers  pass  two  shallow  girders,  their  main  function  b^g 
to  hold  the  tops  in  correct  position;  but  incidentally  they  serve  to  support  the  idlers 
of  the  operating  ropes  and  to  provide  a  footwalk. 

Each  tower  consists  of  two  vertical  \eg&,  against  which  the  roller  guides  on  the  trusses 
bear,  and  two  inclined  rear  legs.  These  legs  are  thoroughly  braced  on  all  four  faces 
of  the  tower. 

At  the  tops  of  the  towers  are  four  hydraulic  buffers  that  are  capable  of  bringing  the 
span  to  rest  without  jar,  and  there  are  four  more  of  these  buffers  attached  beneath 
the  span  to  serve  the  same  purpose. 

The  span,  with  all  that  it  carries,  weighs  about  290  tons,  and  the  counterweights 
weigh,  as  nearly  as  may  be,  the  same.  As  the  cables  and  their  counterbalancing 
chains  weigh  fully  20  tons,  the  total  weight  of  the  moving  mass  is  ahnoet  exactly 
600  tons. 

As  the  counterweights  balance  the  wdght  of  the  span,  all  the  work  that  the 
machinery  has  to  do  is  to  overcome  the  friction,  bend  the  wire  ropes,  and  raise  or 
lower  any  small  unbalanced  load  that  there  may  be.  It  was  designed,  however,  to 
lift  a  considerable  load  of  passengers  in  case  of  necessity. 

The  span  is  steadied  while  in  motion  by  rollers  at  the  tops  and  bottoms  of  the 
trusses.  There  are  both  transverse  and  longitudinal  rollers,  the  former  not  touching 
the  columns,  unless  there  is  sufficient  wind  pressure  to  bring  them  to  a  bearing.  The 
longitudinal  rollers,  though,  are  attached  to  springs,  which  press  them  against  the 
colunms  at  all  times  and  take  up  the  expansion  and  contraction  of  the  trusses. 

The  bridge  is  designed  to  carry  a  double-track  street  railway,  vehicles,  and  foot 
passengers.  It  has  a  clear  roadway  of  34  feet  and  two  cantilever  sidewalks  each  7  feet 
in  the  clear,  the  distance  between  central  planes  of  trusses  being  40  feet  and  the 
extreme  width  of  suspended  span  57  feet.  The  roadway  is  covered  with  a  wooden 
block  pavement. 

The  span  is  suspended  at  each  of  the  four  comers  of  the  trusses  by  eight  steel  cables, 
which  take  hold  of  a  pin  by  means  of  cast-steel  clamps. 

Beneath  the  floor  are  four  ballast  tanks  to  carry  water,  having  all  told  a  capacity 
of  19,000  pounds. 

The  steam  operating  machinery  is  placed  in  a  room  beneath  the  street.  This  loca- 
tion and  the  type  of  power  were  forced  upon  the  author  by  the  dty  authorities;  for 
it  was  his  intention  to  adopt  electrical  machinery  and  to  locate  it  in  a  house  in  one 
of  the  towers.  The  operation  is  effected  by  means  of  four  f-inch  wire  ropes  that  pass 
around  two  6-foot,  spiral-grooved,  cast-iron  drums.  The  structure  can  be  operated 
also  by  man  power. 

The  original  design  called  for  the  use  of  two  65-hor8epower  electric  motors,  but  the 
city  of  Giicago  required  a  steam-engine  plant  of  llS-horsepower  instead.  The  cost 
of  this  plant  for  both  operation  and  nudntenance  was  foimd  to  be  excessive;  and  in 
1907  electric  motors  were  substituted  for  the  steam  engines.  Operation  by  steam 
had  required  the  services  of  three  engine  men,  two  signal  men,  four  policemen,  and 
one  coal  shoveler,  ten  men  in  all,  their  combined  wages  amounting  to  $1,000  per 
month,  and  in  addition  there  were  $170  per  month  expended  for  coal,  as  it  was  neces- 
sary to  keep  the  boilers  going  at  all  times  during  Hie  season  of  navigation.  The  cost 
of  l^e  electric  power  for  intermittent  service  proved  to  be  only  $150  per  month,  and  the 
services  of  only  one  tender  were  required,  while  two  had  been  formerly  needed  with 
steam.  The  change  resulted  in  a  saving  of  over  $3,000  per  annum  in  the  operating 
expenses. 
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In  the  before-mentioiied  paper  published  by  the  American  Society  of  Civil  Engi- 
neer6  there  appeared  the  following: 

If  the  author  were  to  design  another  lift  bridge  similar  to  the  Halsted  Street  struc- 
ture, and  if  he  were  given  carte  blanche  in  the  designing,  he  would  make  the  follow- 
ing improvements: 

1.  Curve  the  rear  columns  and  arch  the  overhead  girden  at  tops  of  towers  so  as  to 
improve  the  general  appearance. 

2.  Operate  oy  electricity  instead  of  by  steam. 

8.  Place  the  machinery  nouse  in  one  of  the  towers  and  dispense  with  the  operating 
house  on  the  span,  letting  the  operator  stand  in  a  bow  window  of  the  machinery 
house  so  as  to  command  a  view  of  the  river  in  both  directions. 

4.  Omit  the  water  tanks  as  an  imnecesaary  precaution  and  rely  on  the  great  capacity 
of  the  electric  motors  to  overcome  anjr  temporary  unbalanced  load. 

5.  A  simpler  and  less  expensive  adjustment  at  feet  of  rear  columns. 

6.  Cast  steel  instead  of  cast  iron  for  all  machinery. 

7 .  Catch  the  balancing  chains  in  buckets  placed  on  top  of  the  span  instead  of  hanging 
them  to  the  counterweights. 

These  various  details  of  the  Halsted  Street  lift  bridge  have  been  described  so  as 
to  iUustrate  the  evolution  of  the  present  types  of  vertical  lifts.  In  the  later  designs 
prepared  by  his  firm,  the  author  was  persuaded,  rather  against  his  will,  to  omit  the 
hydraulic  buffers  and  the  balancing  chains  on  the  plea  that  with  electric  power  these 
are  not  necessary;  but  after  an  experience  of  several  years  with  lifts,  in  which  these 
two  features  of  his  first  design  were  omitted,  he  has  decided  to  adopt  them  again  in 
some  of  his  future  vertical  lift  bridges.  In  large  and  heavy  lift  spans  the  unbalanced 
load  of  the  cables  augments  materially  the  starting  torque  and  adds  considerably 
to  the  amount  of  power  used  per  annum,  beddes  increasing  somewhat  the  first  cost 
of  the  machinery.  Whether  it  is  good  policy  in  any  particular  case  to  adopt  the 
counter-balancing  chains  is  to  be  determined  by  an  economic  study.  If  the  annual 
interest  on  the  difference  between  the  first  cost  of  the  said  chains  and  the  saving 
in  cost  of  machinery  is  greater  than  the  value  of  the  annual  saving  of  power 
which  they  effect,  they  should  be  omitted,  but  otherwise  they  should  be  used.  All 
depends  upon  the  question  of  how  often  the  bridge  is  to  be  operated.  If  it  is  to  be 
opened  only  a  few  times  per  day,  the  additional  expense  would  be  unwarranted; 
but  if  it  is  to  be  used  very  often,  the  saving  of  cost  of  power  may  be  great.  In  the 
Pacific  Highway  Bridge,  designed  by  the  author's  firm  and  now  under  construction, 
the  economic  study  indicated  a  standoff,  hence  the  chains  were  omitted^  as  it  was 
desirable  to  keep  down  the  initial  cost  of  structure  to  a  minimum;  but  all  the  Chicago 
vertical  lift  spans  should  have  been  provided  wi&  the  chains,  as  the  number  of  open- 
ings often  runs  as  high  as  75  per  day.  Moreover,  in  some  casss  a  fiat  rate  based  upon 
the  peak  load  is  charged  for  the  electric  power,  and  in  such  cases  it  is  evident  tiiat 
the  Bdaption  of  the  detail  for  balancing  the  weight  of  the  cables  would  be  ui  the  line 
of  true  economy. 

Qood  and  effective  hydraulic  buffers  that  are  properly  maintained  in  commiadon 
are  a  wise  {vecaution  against  accident;  and  they  certainly  relieve  most  effectively 
all  jar  in  bringing  the  span  to  rest. 

For  many  years  after  the  completion  of  the  Halsted  Street  structure,  the  author 
endearored  unsuccessfully  to  build  similar  Imdges  at  other  places,  the  main  reason 
for  his  failures  being  that  he  often  ran  into  pditical  and  financial  conditions  of  such 
a  nature  that  his  engineer's  conscience  prevented  his  dealing  with  the  parties  inter- 
ested. 

In  1894  he  made  plans  for  a  bridge  over  the  Missouri  Biver  at  Kansas  City,  known 
at  first  as  the  Winner  Bridge,  in  which  there  was  a  ipan  of  426  feet  carrying  a  lifting 
deck,  but  the  construction  thereof  was  delayed  for  many  years.  The  original  design 
was  described  in  "De  Pontibus,"  but  it  was  changed  materially  when  the  bridge  was 
built  some  eight  years  ago,  mainly  because  of  the  developments  that  had  takwi  place 
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in  bridge  deaigniiig  in  the  preceding  decade.    A  description  of  how  the  structure  was 
actually  built  will  follow  presently. 

From  1894  until  1907  no  progress  worth  mentioning  was  made  in  the  building  of 
vertical  Uf t  bridges,  mainly  for  the  reason  that  the  author's  patents  prevented  other 
engineer  from  entering  the  field,  and  because  of  his  personal  discouragement  i«e- 
vioualy  mentioned.  But  soon  after  the  formation  of  the  firm  of  Waddell  &  Harring- 
ton, in  1907,  the  author  heard  from  good  authority  that  the  changes  made  in  the  ma- 
chinery of  the  Halsted  Street  Bridge  had  converted  it  into  the  most  satisfactorily 
operating  movable  bridge  in  Chicago;  hence  he  and  his  partus  made  a  joint  study 
of  how  to  improve  on  the  design  of  the  Chicago  bridge;  and  soon  there  came  to  them  a 
request  from  P.  W.  Fratt,  Esq.,  civil  engineer,  the  new  president  of  the  Union  Depot, 
Bridge  &  Terminal  Railway  Co.,  to  make  a  study  and  estimate  of  cost  for  finishing 
the  partially  constructed  Winnw  Bridge,  which  his  company  had  bought  in,  upon 
the  general  lines  described  in  ''De  Pontibus.''  They  did  so,  making  a  number  of 
changes  in  the  old  design,  the  principal  of  which  were  the  following: 

First,  adopting  riveted  construction  instead  of  pin  connected. 

Second,  telescoping  the  hangers  inside  of  the  vertical  poets  of  the  supporting 
trusses  instead  of  letting  them  pass  outside. 

Third,  using  concrete  instead  of  cast-iron  counterweightB  and  placing  them  at  the 
ends  of  the  span  instead  of  at  the  panel  points. 

Fourth,  operating  from  a  machinery  house  at  each  end  of  the  span  instead  of  from 
a  single  house  at  mid-q^MUi,  and  using  wire  ropes  instead  of  shafting  lor  the  transmis- 
sion of  power. 

While  Mr.  Fratt  and  his  clients  were  debating  about  the  advisability  of  undertaking 
the  work  of  building  the  structure,  the  firm  was  retained  to  rebuild  the  Iowa  Central 
Railway  Co.'s  bridge  across  the  Mississippi  River  at  Keithsburg,  111.  Bids  were 
obtained  upon  both  a  swing  and  a  vertical  lift,  diowing  a  material  economy  for  the 
latter,  which  was,  consequently,  adopted  and  built.  The  span  is  234  feet  and  the 
maTimum  vertical  clearance  ^  feet.  It  carries  a  single-track  railway  only.  In  its 
design  there  is  an  innovation  which  results  prove  was  not  a  good  one.  The  operating 
house  is  placed  at  one  end  of  the  movable  span  instead  of  at  the  middle.  It  was  so 
located  in  order  to  reduce  the  dead  load  moment  on  the  span,  especially  as  the 
machinery  is  unusually  heavy  on  account  of  the  openttion  being  by  gasoline  engines. 
Such  a  location  was  a  violatioii  of  a  principle  of  aesthetics,  vis,  that  perfect  symmetry 
in  a  layout  is  the  acme  of  artistic  designing;  and  the  result  diowed  that  it  was  not 
good  practice,  because,  on  account  of  the  inequality  in  length  of  the  operating  ropes, 
the  stretches  therein  were  unequal,  necessitating  frequent  adjustments,  the  n^g^act 
of  ^diich  caused  a  jerky  motion  of  tl^  span  when  being  raised  or  lowered.  The  defect 
is  of  but  little  importance,  nevertheless  its  cause  should  always  be  avoided  in  future 
constructions. 

During  the  building  of  the  Keithsburg  Bridge,  a  little  highway  lift  at  Sand  Point, 
Idaho,  was  designed  and  constructed.  It  diowed  great  economy  as  compared  with 
a  swing  span. 

Next  came  the  Hawthorne  Avmue  Bridge  over  the  WiUamette  River  at  Portland, 
Oreg.,  with  a  Hft  span  of  244  feet  and  a  vertical  clearance  of  185  feet,  carrying  a 
double-track  street  railway,  two  wagonways,  and  two  footwalks.  Two  views  d  this 
structure  are  shown  in  figures  2  and  3.  It  is  of  the  same  general  type  as  the  Halsted 
Street  Bridge,  except  that  there  is  no  overhead  span  between  tops  of  towers. 

While  this  structure  was  under  way,  Mr.  Fratt  and  his  associates,  after  long  delibera- 
tion, decided  to  build  their  bridge;  but  before  they  would  make  up  their  minds  to 
adopt  the  lifting  deck,  they  had  a  large  working  model  made  (^  it  to  scale  and  operated 
by  electric  power;  and  although  this  woriced  to  perfection,  they  still  were  not  satisfied 
until  they  had  an  expert  committee  of  civil  and  mechanical  engineers  examine  the 
plans,  specifications,  and  model  and  report  upon  the  efficiency  and  practicability  of 
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the  design.  This  committee  was  composed  of  the  following  well-known  gentlemen: 
Thos.  B.  Brown,  Esq.,  0.  B.,  of  New  York  City;  S.  B.  Fisher,  Bsq.,  C.  B.,  of  St. 
Louis;  Prof.  W.  F.  M.  Goss,  of  the  University  of  Illinois;  and  Geo.  W.  Jackson,  Esq., 
of  Chicago.  This  committee  gave  its  unanimous  approval  to  the  project,  and  the 
bridge  was  built.  The  following  is  a  description  of  the  structure,  which  is  shown 
with  the  deck  down  in  figure  4  and  with  the  deck  up  in  figure  5. 

The  bridge  proper,  i.  e.,  the  portion  between  the  established  harbor  lines,  and 
excluding  the  apinxMches,  consists  of  three  double-deck,  riveted-truss  spans  providing 
<m  the  lower  deck  two  standard  railway  tracks,  and  on  the  upper  deck  two  street-car 
tracks  and  separate  roadways  and  sidewalks  for  vehicular  traffic  and  pedestrians.  To 
permit  the  passage  of  boats,  one  of  the  three  spans  contains  a  lifting  deck,  which 
consists  of  a  double-track,  railway-bridge  floor,  the  metal  thereof  being  nickel-steel  so 
as  to  reduce  the  weight  to  be  lifted,  with  a  lateral  system  that  includes  special  wind 
ch<nds,  all  supported  by  stiff  hangers  (also  of  nickel-steel)  from  each  panel  of  the  upper 
trusses.  When  the  deck  is  in  its  lowest  position,  a  pin  In  the  end  of  each  hanger  rests 
on  a  socket  in  diaphragms  in  the  post  above,  transmitting  the  live  load  directly  to 
the  upper  trusses.  Each  hanger  is  arranged  to  telescope  into  the  truss  post  above, 
and  is  attached  to  two  cables  which  pass  up  and  over  a  sheave  on  the  top  of  the  upper 
truss,  thence  to  the  end  of  the  span  and  over  a  common  drum  at  one  comer  thereof, 
and  thence  downward  to  a  counterweight.  There  is,  thus,  a  separate  counterweight 
for  each  hanger.  Operation  is  effected  by  rotating  the  four  drums  at  the  upper 
comers  of  the  span.  The  two  dmms  at  each  end  are  on  a  single  shaft  which  is  geared 
down  to  a  motor.  In  order  to  synchronize  mechanically  the  movements  of  the 
machinery  at  opposite  ends  of  the  span,  a  double  rope  drive  is  provided  connecting  the 
two  sets  of  machinery.  A  full-size  model  of  this  drive  was  made  and  tested  by  the 
engineers  before  the  design  was  adopted,  in  order  to  satisfy  the  projectors  of  the 
enterprise  that  it  would  work  satisfactorily.  The  counterweights  for  the  rope  drives 
are  arranged  so  that  one  rope  is  taut  for  driving  in  each  direction.  Under  ordinary 
^>eration  both  motors  are  in  service;  but,  diould  one  motor  &dl,  the  entire  deck  can 
be  handled  by  the  motor  at  the  opposite  end  through  this  rope  drive. 

When  the  deck  reaches  its  lowest  position,  locks  automatically  engage  each  hanger 
and  the  ends  of  the  deck.  All  locks  are  withdrawn  by  one  operation  by  means  of  a 
motor  and  gears  in  the  south  machinery  house. 

In  addition  to  the  manifest  advantage  of  maintaining  traffic  on  the  upx>er  deck  at 
all  times  regardless  of  the  movement  of  boats,  this  movable  deck  afforded  li^rge 
economies  in  construction,  and  it  will  afford  also  similar  economies  in  operation. 

The  vertical  clearance  when  the  deck  is  raised  to  its  full  height  is  55  feet  above 
high  water,  and  the  horizontal  clearance  for  vessels  Ib  413  feet,  the  overhead  through 
span  and  the  two  adjoining  deck  spans  being  each  425  feet  long.  The  reason  for  the 
excenively  great  horizcmtal  clearance  is  that  the  superstructure  is  built  on  old  piers 
that  had  been  standing  in  the  river  for  nearly  two  decades. 

The  lifting  deck,  which  weighs  one  and  a  half  million  pounds,  is  fully  balanced  by 
coontwweights,  and  is  alwajrs  locked  down  when  in  service.  It  is  raised  to  its  full 
height  or  is  lowered  in  60  seconds  by  the  electric  power.  The  total  coet  of  the  bridge 
and  its  approaches  was  $2,200,000.  The  total  weight  of  metal  was  over  18,000  tons, 
and  a  number  of  the  pieces  handled  weighed  over  100  tons  each.  There  were  some 
25  miles  of  rivet  holes  reamed  in  the  field,  and  about  half  a  million  field  rivets  w|re 
driven.    The  amount  of  paint  used  on  the  metalwork  was  50  tons. 

The  next  structure  containing  a  lift  span  built  by  the  author's  firm  was  the  Arkansas 
River  Bridge  betweoi  the  cities  of  Fort  Smith  and  Van  Buren,  Ark.  As  seen  from 
figures  6  and  7,  it  contains  nine  spans  all  alike,  one  of  them  being  lifted  so  as  to  give 
the  usual  vertical-clearance  requirement  of  about  50  feet.  It  carries  a  railway, 
street  laflway,  and  vehicles  on  a  single  deck  and  has  two  cantilevered  sidewalks. 
The  distinctive  feature  of  this  structure  is  that  it  ia  arranged  so  that  should  ever 
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the  channel  ahift  pomanently,  the  towers  uid  machinery  can  be  taken  down, 
moved,  and  re-erected  so  as  to  pick  up  and  operate  any  <rf  the  other  spans. 

Next  came  the  Highway  Bridge  at  Tehama,  Cal.,  a  comparatiyely  small  structure 
containing  no  special  features;  and  this  was  followed  by  the  little  M.  L.  &  T.  bridge, 
figures  8  and  9,  which  has  been  adopted  as  a  standard  for  its  small  bayou  crossings 
by  the  Southern  Pacific  Railway  Co.  It  is  operated  by  one  man,  as  it  is  not  opened 
often. 

Next  in  order  came  the  great  Oregon-Washington  Railroad  &  Navigation  Go.'s 
bridge  at  Portland,  Oreg.,  carrying  traffic  just  like  that  of  the  Fratt  Bridge,  but  with 
the  difference  that  the  overhead  span,  instead  of  being  fixed,  was  made  movable  so  as 
to  permit  the  passage  beneath  of  the  largest  ocean-going  vessels.  like  the  Fratt 
Bridge,  the  main  portion  of  the  structure  ccmsists  of  three  spans,  but  the  total  loogth 
of  them  is  only  796  feet;  that  of  the  movable  one  being  220  feet. 

In  figures  10, 11,  and  12  is  shown  the  structure  in  its  three  principal  positionB,  vis. 
First,  with  both  the  movable  span  and  the  movable  deck  down  and  taking  care  of  the 
traffic  above  and  below;  second,  with  the  movable  span  in  commission  for  hi^way 
traffic,  but  with  the  deck  beneath  raised  to  its  full  height  so  as  to  permit  the  passage 
of  small  steamers;  and  third,  with  both  the  moving  span  and  the  moving  deck  raised 
to  their  greatest  height  so  as  to  provide  for  the  passage  of  the  tallest-masted  ocean- 
going vessels  that  enter  the  port.  Figure  13  has  been  added,  as  it  gives  an  excellent 
view  of  almost  the  entire  structure,  approaches  included.  Attention  is  called  to  the 
height  of  the  water,  the  photograph  having  been  taken  at  its  maximum  stage. 

The  distinguishing  features  of  the  structure  are  its  unusually  heavy  construction 
and  the  method  of  lifting  the  two  decks  of  the  movable  span  either  together  or  sepa- 
rately. The  upper  deck  was  designed  to  carry  the  heaviest  possible  city  traffic, 
including  pedestrians,  electric  railway  cars,  road-rollers,  and  lorries;  and  the  lower 
deck  to  care  for  the  heaviest  locomotives  and  cars  used  on  the  Harriman  system.  The 
movable  span  is  a  through  one  for  highway  traffic,  while  the  two  flanking  spans  are 
through  for  railway  traffic  and  deck  for  highway  traffic.  The  lift  span  rests  on  columns 
placed  on  the  piers.  The  lower  deck  has  a  clearance  of  26  feet  above  low  water  and 
one  of  only  5  feet  above  high  water,  the  base  of  rail  being  6  feet  higher.  The  upper 
deck  is  62^  feet  above  the  lower  deck.  The  latter  has  a  separate  lift  of  46  feet,  making 
a  clear  height  of  72  feet  above  low  water  or  61  feet  above  high  water  without  moving 
the  upper  deck.  The  latter  has  a  lift  of  93  feet,  so  that  when  hoisted  with  the  lower 
deck  also  in  raised  position,  the  total  lift  of  the  lower  deck  is  139  feet,  and  the  total 
clearance  is  165  feet  above  low  water  and  144  feet  above  hig^  water.  This  clears  the 
highest-masted  vessels  entering  Portland.  When  the  lower  deck  alone  is  lifted,  all 
but  the  largest  steamboats  plying  the  river  can  pass  at  ordinary  stages  of  water.  The 
vertical  lift  span  is  much  the  heaviest  of  that  type  thus  far  built,  the  total  load  lifted, 
including  counterweights,  amounting  to  nearly  nine  million  pounds.  The  towers  are 
about  270  feet  hig^  above  low  water. 

The  main  or  upper  deck  is  lifted  at  each  comer  by  16  steel  cables  2}  inches  in  diame- 
ter passing  over  a  sheave  14  feet  in  diameter.  Eadi  sheave  weig^  24  tcms;  but  as  the 
boxes  were  attached  before  hoisting,  the  weight  to  be  lifted  was  35  tons.  These  main 
sheaves  rest  on  brackets  offset  inside  of  the  tower  posts. 

In  each  tower  there  is  a  single  main  counterweight  made  of  concrete  weig^iing  over 
1,700,000  pounds,  the  over-all  dimensions  being  40  feet  height,  30  feet  width,  and  10 
fe^  thickness.  These  counterweights  were  constructed  in  place  around  a  steel 
framework.  At  the  comers  are  projecting  guides  that  engage  the  fixed  guides  on  the 
tower.  The  lower  deck  has  separate  counterweights  that  were  cast  in  sections  (m  the 
main  deck  and  after  hardening  were  transported  to  the  towers  and  raised  into  positiim. 
In  order  to  keep  the  proper  adjustment  between  spa.i  and  counterweights  there  were 
provided  a  large  number  of  concrete  blocks  1  cubic  foot  in  size.  These  can  be  added 
to  either  the  large  lift  span  or  to  its  coimterweights  as  required.    The  total  weight  of 
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the  lower  deck  and  its  attachments  is  over  1,000,000  pounds,  which,  of  course,  is  also 
that  of  the  balancing  counterwei^ts. 

The  operating  machinery  is  placed  in  a  house  on  the  top  of  the  movable  span  and  at 
its  mid-lengUi,  covering  the  full  width  between  trusses.  The  operator's  room  is 
Mspended  beneath  this  house,  so  that  he  can  observe  the  main  deck  traffic  as  well  as 
^e  river  traffic.  The  machinery  for  operating  the  lower  deck  is  driven  by  two  electric 
moton  of  200-horaepower  each,  placed  on  the  downstream  side  of  the  house,  and  that 
lor  the  upper  deck  by  two  similar  moton  located  on  the  upstream  side  thereof.  In 
the  operator's  room  is  placed  the  mechanism  for  locking  and  unlocking  both  the 
lifting  span  and  the  lifting  deck.  The  cams  for  locking  down  the  lower  deck  work 
actomatically;  but  they  are  unlocked  by  a  special  mechaninn  driven  by  a  small 
motor.  The  main  deck  also  locks  aut<»natically;  but  it  is  released  by  the  operator's 
tnrniDg  a  wheel. 

TIm  erection  of  the  supefstructure  was  a  most  formidable  task,  because  the  channel 
had  to  be  k^  open  at  all  times  for  the  passage  of  boats,  including  hi^-masted  sailing 
vowels.  The  immense  weight  of  the  movable  span,  the  fact  that  it  was  to  rest  on 
columns  hig^  above  the  water,  and  the  swiftness  of  the  current  made  it  seem  to  the 
contracted  too  difficult  to  build  the  span  on  scows  and  float  it  into  place,  as  was  done 
<m  the  Hawthorne  Avenue  lift  bridge  over  the  same  river  some  2  miles  dirtant  where 
the  conditiooB  were  less  onerous.  It  was,  therefore,  necessary  to  erect  the  movable 
•pan  at  its  full  hej^^t,  supporting  it  by  four  wooden  Howe  trusses.  The  total  cost  of 
the  structurs  was  11,700  000. 

The  peculiar  features  of  the  City  Waterway  Bridge  in  the  dty  of  Tacoma,  Wash., 
are  the  unusually  great  height  of  the  deck  above  the  water  and  the  overiiekl  span 
for  cairying  water  pipes.  The  Puyallup  River  Bridge,  located  only  a  few  blocks 
away,  is  quite  similar  in  type,  but  of  shorter  span  and  nanower  roadway.  Bee  fig- 
ures 14  and  15. 

The  Penn^lvania  Raihoad  bridge  over  the  south  branch  of  the  Ohio  River  ia  the 
city  of  Chicago,  is  buih  on  quite  a  skew,  necessitating  vertical  rear  legs  in  the  towers. 
The  kngth  of  span  ia  272  feet.  It  is  a  tiouble-track  structure,  and  some  900  trains 
cross  it  daily.  It  ia  opened  on  the  average  about  75  times  per  day  during  most  of  th  e 
navigation  seascm.  This  structure  is  designed  for  a  possible  future  2i-foot  ndsing 
of  the  grade  lioe.    See  figure  16. 

Figure  17  is  a  photograph  of  another  Pennsylvania  Railroad  bridge,  crossing  the 
Calumet  River  in  South  Chicago.  Strictly  speaking,  there  are  two  bridges,  one 
being  kxsated  doee  alongside  the  other,  and  each  carrying  a  double  track.  T%e  skew 
is  about  the  same  as  in  the  bridge  last  described,  but  the  spen  length  is  only  210  feet. 

In  Engineering  News,  volume  68,  page  1056,  will  be  found  a  description  of  the 
Columbia  River  Bridge  at  Trail,  British  Columbia,  together  with  the  layout  and  a 
photograph  of  the  structure.  Its  peculiarity  is  that  the  towers  and  the  machinery  have 
been  temporarily  omitted,  as  at  present  there  is  no  steamboat  traffic  on  the  river  at  that 
place;  but  the  complete  plans  are  drawn  for  the  said  towers  and  machinery,  and  the 
steelwork  is  all  arranged  even  to  the  open  rivet  holes  for  attaching  the  new  construc- 
tion at  any  time  in  the  future,  so  as  to  pick  up  either  of  the  two  intermediate  q>ans. 

The  Lake  Shore  A  ICichigan  Southern  Railway  bridge  over  the  Calumet  River  in 
South  Chicago  is  very  similar  to  the  Pennsylvania  Railroad  Co.  's  bridge  for  the  same 
croseing  described  previously.  At  first  the  Lake  Shore  A  Michigan  Southern  Co. 
intended  to  build  a  four-track  lift  span,  and  the  plans  were  prepared  accordingly;  but 
later  they  decided  to  follow  the  lead  of  the  Pennsylvania  Railroad  Co.  and  build  two 
bridges  close  together,  the  object  being  to  provide  for  a  possible  breakdown.  Their 
tracks  at  each  end  are  so  arranged  that  the  traffic  can  be  switched  from  either  bridge 
to  the  other. 


Digitized  by  VjOOQIC 


178       PROCEEDINGS  SECOND  PAN  AMEBICAN  SCIENTIFIC  CONGBESS, 

Figures  18  and  19  illufitrate  the  YellowBtone  Eiver  Bridge  on  the  line  of  the  Great 
Northern  Railway.  It  is  located  a  short  distance  above  the  junction  of  that  river 
with  the  Missouri  in  Montana,  and  there  is  a  similar  structure  over  the  latter  a  few 
miles  away.  These  lift  spans  have  lengths,  respectively,  of  275  and  300  feet.  The 
Missouri  River  lift  span  is  the  longest  yet  built,  and  in  fobctthe  clear  opening  is  the 
laigest  in  the  world  for  opening  bridges,  barring  only  the  Fratt  Bridge  at  Elansas 
City,  where,  as  explained  previously,  the  determination  of  opening  was  fixed  in 
advance  by  the  existing  piers  of  an  unfinished  structure.  It  does  not  seem  logical 
for  the  War  Department  to  require  such  large  openings  in  Missouri  River  bridges 
near  the  head  of  navigation  thereon,  while  much  smaller  openings  have  been  per- 
mitted everywhere  else  below;  but  such  was  the  case,  and  the  railroad  company  aqd 
their  consulting  engineers  could  do  naught  else  but  comply  with  the  law. 

Figures  20  and  21  show  the  Black  River  Bridge  on  the  tine  of  the  Louisiana  &  Arkan- 
sas Railway  in  Arkansas.  Its  lift  span  is  163  feet  long,  and  the  vertical  dearonce  is 
the  usual  50  feet.  Figures  22  and  23  illustrate  the  bridge  ov^  the  Little  River  on  the 
same  line  of  railway  in  the  same  State.  Its  movable  span  is  118  feet  long.  Attention 
is  called  to  the  symmetry  of  the  layout  for  this  structure  and  to  the  dolphins  employed 
for  protecting  the  piere. 

Figures  24  and  25  show  a  photograph  of  the  Salem,  Falls  City,  &  Western  Railway 
Bridge  over  the  Willamette  River  at  Salem,  Oreg.  The  length  of  the  movable  span 
is  131  feet.  In  one  view  the  span  is  shown  rising  as  a  steamer  is  apjHroaching;  and  the 
picture  indicates  how  close  to  a  vertical  lift  it  is  permissible  to  run  a  vessel  before 
raising  is  begun.  In  som^  of  the  Chicago  bridges  which  have  to  be  opened  often  and 
over  which  pass  daily  many  trains  the  steamere  are  allowed  to  a»ne  very  dose,  indeed, 
to  the  structure  before  hoisting  is  started;  and  the  lowering  is  begun  before  the  vessel 
has  actually  passed  the  bridge  tangent. 

In  figure  26  is  shown  a  profile  of  a  bridge  over  the  Don  River  at  Roetoff ,  Russia,  the 
movable  span,  towers,  and  machineiy  of  which  were  designed  by  the  author's  firm, 
the  flanking  spans  having  been  designed  by  the  bridge  engineers  of  the  Russian 
Government.  The  length  of  the  moving  span  is  210  feet  and  that  of  each  flanking 
span  377  feet. 

Attention  is  called  to  the  unusually  great  curvature  of  the  rear  legs  of  the  towen, 
adopted  so  as  to  conform  to  the  decided  curvature  that  exists  in  the  top  diorda  ol 
the  flankiog  spans.  This  structure  is  now  \mdex  comtruction.  It  is  to  be  operated 
by  electricity. 

In  figure  27  there  is  shown  a  portion  of  the  long,  deck,  plate-girder  bridge  over  the 
NOTth  Thompson  River  near  Eamloops,  British  Columbia,  with  its  lifting  towers 
and  machinery,  all  of  which  can  be  shifted  at  any  time  so  as  to  pick  up  any  one  of  the 
numerous  spans  that  were  made  alike  mainly  for  this  purpose. 

In  figure  28  is  illustrated  a  halt-through,  plate-girder  bridge  over  the  Oromocto 
River  on  the  line  of  the  St.  John  &  Quebec  Railway  in  New  Brunswick,  with  its  lifting 
span  and  towers,  which  it  will  be  noticed  are  of  a  different  t3rpe  from  those  shown  in 
figure  27  because  of  there  being  no  necessity  for  rear  columns  and  bracing. 

In  addition  to  the  types  of  vertical  lift  bridges  covered  by  the  patents  of  the  author 
and  those  of  his  firm,  both  Mr.  Strauss  and  Mr.  Rail  have  lately  patented  vertical 
lifts,  operating  like  their  patented  bascules  but  lifting  at  both  ends  of  the  span  instead 
of  at  one.  These  are  certainly  more  expensive  than  tlie  vertical  lifts  herein  described, 
as  was  proved  in  one  case  in  the  author's  practice  by  detailed  comparative  estimates 
made  by  his  firm's  computing  force. 
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In  the  following  table  are  given,  as  neady  as  may  be  in  chronological  order,  the 
various  vertical  lift  spans  designed  and  engineered  by  the  author  and  his  firm,  together 
with  their  general  dimensions,  load  to  raise  and  lower,  and  height  raised,  including 
four  small  ones  designed  by  contractors  and  checked  by  the  firm's  computers. 


Bridge. 


Halsted  Street 

Keithsburg 

Sand  Point 

Hawthorne  Avenue 

Missouri  Itiver,  ICansas  City, 
Arkansas  River 

Tehama 

M.L.&T.Ry 

O.  W.  R.  R.  &N.U.  D 

O.  W.  R.  R.4tN.-L.  D 

City  Waterway 

Fuyallup  River 

Pennsylvania  No.  443 , 

TraU 

Little  River , 

Black  River 

St.  Francds  River 

ntinols  River 

Bed  River  of  the  North 

Pennsylvania.  No.  4.58 

Harrlsburg...' 

Salem 

C.N.  P.  R.R.,No.lO 

St.  Paul 

L.S.  AM.  S.  R.  R.,No.6.. 

Intematianal  Falls 

HLssoari River,  G.  N.  Ry . . . 

Grand  Rapids 

Yellowstone 

Oslo,  Minn 

Oromocto 

Don  River 

Caddo  Lake 

Pacific  Highway 


Diatanco, 
center  to 
canter  of 
trusses. 


Feet. 
40.0 
17.7 

18.0 
33.3 
32.7 
24.5 

2L8 
16.3 
34.0 
34.0 
53.3 
43.3 
3L3 

2L0 
17.3 
17.3 

17.3 
18.3 
19.2 
29.5 
17.0 
17.5 
18.2 
2L8 
3L0 

15.0 
17.7 

19.0 
17.7 


Length 
oflfft 
span. 


Fctt. 
130 
229 

83 
244 
425 
192 

167 
60 
211 
311 
314 
161 
210 

171 
116 
165 

162 
173 
140 
273 
200 
131 
90 
189 
210 

75 

296 

83 
271 


18.0 

155 

17.5 

58 

30.6 

210 

18.5 

92 

41.0 

273 

Load  to 
be  lifted. 


Poandt. 
600,000 
940,000 

60,000 
1,770,000 
1,560,000 
1,500,000 

266,000 

69,000 

3,420,000 

1,060,000 

1,640,000 

f 43, 000 
1,837,000 

266,000 
380,000 
620,000 

620,000 
6^8,000 
120,000 

3,006,000 
656,000 
462,000 
236,000 
850,000 

1,410,000 

200,000 
1,560,000 

78,600 
1,370.000 

112,000 
147,000 

1,600,000 
218,000 

3,400,000 


Height 
to  be 
lifted. 


Feft. 
140 

48 

50 
116 
43 
50 

63 
43 
89 
46-89 
78 
115 
101 

50 
44 

56 

73 
43 
25 

114 
63 
54 
56 
56 

101 

50 
43 

30 
43 

25 
59 

131 
53 

139 


Remarks. 


Spans  interchangeable  for  lift- 
ing. 
Small  highway  bridge. 

Lifting  deck  only. 
Spans  interchangeable  for  lift- 
ing. 

Plate  girder,  lift  span. 

Upper  deck. 

Lower  deck. 

Carries  water  pipe  overhead. 

Do. 
Two  bridges  like  this  close 

alongside. 
Towers  and  machinery  omitted 

temporarily. 


Light  highway  span. 

To  be  duplicated  in  future. 


Plate  girder,  lift  span. 

e 

Two  bridges  like  this  close 
alongside.  ^ 

Light  highway  span. 

Spans  interchangeable  for  Bit- 
ing. -* 

Licht  highway  span .  ^ 

Spans  inter<diangeable  for  lift- 
ing. 

Light  highway  span. 

Plate  gi^er ,  lif  t  span. 

Under  construction . 

Small  highway  bridge. 

Under  construction. 


The  vertical  lift  bridges  thus  far  constructed  as  listed  above  may  be  dividedjinto 
three  general  types,  viz:  " 

(A)  Those  in  which  the  whole  span  is  raised. 

(B)  Those  in  which  a  deck  only  is  raised  np  to  an  overhead  fixed  span. 

(0)  Those  in  which  a  deck  is  raised  to  an  overhead  movable  span,  which  also  can 
be  raised  to  dear  high-masted  vessels. 
Class  A  may  be  subdivided  into  the  following  groups: 

(a)  Those  structures  in  which  there  is  an  overhead  span. 

(b)  Those- structures  in  which  ^ere  is  no  overhead  span. 
Those  in  group  (a)  may  be  still  further  divided  thus: 

Alpha:  Where  the  supports  consist  of  four  columns  with  trusses  between  their  tops, 
and 

Beta:  Where  the  supports  consist  of  towers  braced  on  four  hcea. 

Those  in  group  (b)  idso  may  be  subdivided  thus: 

Gamma:  Where  the  rear  columns  ci  the  towen  are  inclined  and  where  there  is  a 
main  sheave  at  each  of  the  four  comers,  and 

Delta:  Where  the  rear  columns  of  the  towers  are  vertical  and  where  there  arej[eight 
sheaves  in  all.  one  over  each  of  the  four  columns  of  each  tower. 


Digitized  by  VjOOQIC 


180       PBOCBEDINGS  SECOND  PAN  AMBBIOAN  SCIENTIFIO  CONGBESS. 

The  Halsted  Street  Bridge  and  the  Hawthorne  Avenue  Bridge  repreeent  GlasB  A 
the  Fratt  Bridge  illustntes  Glaas  B;  and  the  Oregon,  Washington  Railway  &  Navi- 
gation Go.'s  bridge  is  an  example  of  Glan  G. 

Group  (a)  is  represented  by  the  Tacoma  Gity  Waterway  Bridge  (Figs.  14  and  15) 
and  by  the  MisBouri,  Louisiana,  &  Texas  (Southern  Pacific)  Railway  Bridge  (Figs.  8 
and  9),  and  group  (b)  by  the  Hawthorn  Avenue  Bridge  (Figs.  2  and  3)  and  the  Fort 
Smith-Van  Buren  Bridge  (Figs.  6  and  7). 

The  Alpha  subdivision  is  exemplified  by  the  Missouri,  Louisiana,  A  Texas  Railway 
Bridge  (Figs.  8  and  9);  Bete,  by  the  Yellowstone  River  Bridge  (Figs.  18  and  19); 
Ganmia,  by  the  Rostoff  Bridge  over  the  River  Don  in  Russia  (Fig.  26);  and  Delta, 
by  the  two  Pennsylvania  Railroad  bridges  in  Ghicago  (Figs.  16  and  17). 

To  the  computer  who  makes  calculations  for  a  vertical  lift  span  that  carries  canti- 
lever brackets,  it  is  necessary  to  sound  a  note  of  warning  in  relation  to  the  effect  of 
live  load  on  one  sidewalk  only.  In  an  ordinary  span  of  this  tjrpe  the  uplift  at  the 
comer  due  to  the  overturning  moment  of  the  live  load  on  the  bracketed  sidewalk  is 
resisted  by  the  dead  load  reaction  there;  but  in  the  case  of  the  lift  span  there  is  no 
such  reaction,  consequently  there  is  nothing  to  resist  the  said  overturning  effect 
except  the  unbalanced  load  of  the  cables  (if  any),  the  starting  friction  of  the  sheave 
journals,  and  the  holding-down  power  of  the  operating  ropes  and  bridge  locks.  For 
ordinary  cases  where  only  narrow  sidewalks  are  cantilevered  from  a  wide  deck,  this 
overturning  moment  may  be  ignored;  but  where  either  the  street  railway  tradn  or 
the  wagonways  are  cantilevered,  as  in  the  case  of  the  Hawthorne  Avenue  Bridge, 
some  effective  means  of  resisting  this  overturning  moment  must  be  provided.  In 
that  case  cantilever  brackets  from  the  substructure  were  put  on  so  as  to  furnish  at 
their  ends  bearings  for  receiving  the  extremities  of  the  end  cantilever  brackets  of 
the  lifting  span. 

To  protect  the  structure  when  the  span  is  open,  gates  should  be  provided  at  the 
ends  of  all  movable  spans  of  highway  bridges.  They  should  be  airanged  so  as  not  to 
interfere  with  the  traflSc  when  the  span  is  closed  and  so  as  completely  to  block  all 
passage  before  it  begins  to  open.  Where  the  traffic  in  both  directions  uses  the  same 
roadway,  the  gates  are  best  airanged  in  pairs  at  each  end  so  that  one  of  each  pair  can 
be  closed  to  oncoming  vehicles  and  pedestrians  and  the  others  shut  just  as  soon  as  the 
traffic  is  off  from  the  movable  span.  Where  separate  roadways  are  employed  for  the 
travel  in  the  two  directions,  a  single  gate  at  each  end  of  each  roadway  is  generally 
used.  These  are  arranged  so  that  the  gates  obstructing  the  oncOTiing  traffic  are  shut 
fiiBt;  and  the  other  gates  are  closed  aga*iist  pedestrians  as  soon  as  the  movable  span 
is  deaied.  This  same  construction  is  adapted  also  for  single  roadways  with  light 
traffic  in  both  directions  that  can  be  easily  handled.  Insuchcasesitisnotiniiequest 
to  omit  the  gates  altogether,  the  bridge  t^ider  merely  stretching  a  heavy  rope  across 
the  roadway  at  each  end.  Various  types  of  gates  are  employed,  those  swinging  in 
a  hcMizontal  plane  being  the  most  common.  The  pivots  are  placed  near  the  trusses, 
and  when  not  in  use,  the  gates  are  swung  up  agunst  the  latter  out  of  the  way  of  pas- 
sing vehicles,  latching  into  place  automatically.  Various  types  of  folding  gates  that 
are  operated  vertically  about  hmasontal  axes  have  been  used,  the  main  objectioii 
to  them  being  the  danger  of  stiikinf  passing  vehicles  and  pedestrians  when  they  are 
being  lowered.  This,  of  course,  is  not  very  important  where  gatemen  aie  employed ; 
but  when  the  gates  are  operated  from  the  machinery  house,  it  is  a  s^ous  matter.  The 
same  is  true  also  of  lifting  gates  which  are  dropped  across  the  roadway  from  above 
or  raised  from  beneath  the  floor. 

The  character  of  the  construction  of  the  gates  will  depend  on  the  use  to  which  ^y 
are  to  be  put.  If  they  are  mer^y  to  serve  the  purpose  of  a  telltale,  a  very  heavy  gate 
is  not  needed;  but  where  provision  is  to  be  made  for  colliaon  with  a  hofse,  wagon, 
or  automobile,  a  substantially  designed  construction  is  necessary.    Stops  should  be 
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Fio.  1.— Halsted  Street  lift-bridge  over  the  Chicago  River  at  Chicago.  111. 
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Fia.  S.— Vertical  lift  bridge  over  the  Big  Choctaw  Bayou,  La.,  on  the  line  of  the  M.  L.  and 
T.  R.  R.  &  8.  S.  Co.    Span  down. 


Fio.  9.— Vertical  lift  bridge  over  the  Big  Choctaw  Bayou,  I^.,  on  the  line  of  the  M.  L.  and 
T.  R.  R.  &  S.  e.  Co.    Span  up. 
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Fig.  10.— Oregon-Washington  Railroad  &  Navigation  Co. 's  bridge  over  ihe  Willamette  River  at  Portland 
Oreg.    Lifting  deck  and  lifting  span  down. 


Fio.  11.— Oregon- Wastilngt on  Railroad  &  Navigation  Co.'s  bridge  over  the  Willamette  River  at  Portland, 

Oreg.    Lifting  deck  up. 


Fio.  12.  -  Ortgon- Washington  Railroad  &  Navigation  Go's  bridge  over  the  Willamette  River  at  Portland 
Oreg.    Lifting  deck  and  lifting  span  up. 
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FiQ.  14.— Bridge  over  the  city  waterway  at  Tacoma,  Wash.    Lifting  span  down. 


Fig.  15.— Bridge  over  the  city  waterway  at  Tacoma,  Wash.    Lifting  span  up. 
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Fig.  16.— Pennsylvania  Railroad  Co.'s  bridge  over  the  South  Branch  of  the  Chicago  River,  Chicago,  HI. 


Fig.  17.— Pennsylvania  Railroad  Co.'s  bridge  over  the  Calumet  River  ,  South  Chicago,  111. 
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Fio.  22.— Louisiana  &  Arlcansas  Railway  bridge  over  the  Little  River  in  Louisiana.    Lifting  span  down. 


Fig.  23.— Louisiana  &  Arkansas  Railway  bridge  over  the  Little  River  in  Louisiana.    Lifting  span  up. 
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Fio.  24.— Salem,  Falls  City  &  Western  Railway  bridge  over  the  Willamette  River  at  Salem,  Oreg. 

Lifting  span  down. 


Fio.  25.— Salem,  Falls  City  &  Western   Railway  bridge  over  the  Willamette  River  at  Salem,  Oreg. 

Lifting  span  up. 
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Fio.  27.— Canadian  Northern  Pacific  Railway  bridge  over  the  North  Thompson  River  in  British 

Columbia. 


Fio.  28.— St.  John  &  Quebec  Railway  bridge  over  the  Oromocto  River  in  New  Brunswick. 
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provided  at  the  ends  of  swii^iDg  gates  to  hold  them  when  thut.  Theee  may  con- 
fD0t  of  pointed  rodi  pivoted  above  the  bottom  of  the  gate  and  stuck  into  the  pave- 
ment when  the  said  gate  is  closed.  The  gates  are  usually  made  of  structural  shapes, 
although  wood  is  sometimes  employed.  The  horizontally-swinging  and  the  direct- 
lifting  gates  are  generally  of  lattioedUc<»struction,  while  tJie  folding  gate  is  made  up 
id  angle  flanges  at  top  and  bottom  connected  by  hinged  parallel  bars.  The  operation 
nay  be  effected  by  hand  or  by  machinery  controlled  by  the  bridge  operator.  As  a 
rulOi  gatemen  are  employed  to  handle  the  traffic  and  to  operate  the  gates  as  well. 
This  is  the  surest  method  of  preventing  accidents.  With  very  heavy  traffic  the 
operation  of  the  movable  span  and  that  of  the  gates  should  be  done  by  different  men, 
working  with  an  efficient  system  of  signals. 

The  question  of  what  is  the  best  kind  of  power  for  operating  movable  bridges  is 
not  difficidt  to  answer,  for  where  electricity  is  available  it  is  the  best  and  usually 
the  cheapest  eneigy  to  employ.  But  there  are  many  movable-bridge  locations  where 
electricity  is  not  available,  and  in  such  cases  the  best  power  to  adopt  is  that  produced 
by  gasoline  engine.  The  latter  is  superior  to  the  steam  engine,  because  with  steam 
the  fires  must  always  be  kept  going  at  great  expense  for  both  fuel  and  attendance, 
but  with  a  gasoline  engine,  except  when  the  river  traffic  is  very  dense,  causing  con- 
stantly recurring  calls  for  an  open  draw,  there  is  no  burning  of  fuel  except  during 
operation.  Steam  machinery  used  to  be  employed  quite  generally  for  operating 
swing  spans,  but  no  one  nowadays  ever  thinks  of  adopting  it.  Hydraulic  power  has 
also  been  used  in  the  past  for  operating  bridges,  especially  in  Europe;  but  it  unavoid- 
ably involved  the  employment  of  such  excessively  expensive  machinery  that  it  never 
became  popular.  Compressed  air  has  been  adopted  a  few  times  in  both  America  and 
Europe  for  operating  swing  spans,  not,  however,  as  a  primary  but  as  a  secondary  power. 
It  b  not  likely  ever  to  be  used  in  the  former  manner,  because  the  existence  of  an 
independent  source  of  supply  of  compressed  air  in  the  vicinity  of  a  movable  bridge 
involves  a  most  improbable  combination  of  conditions;  hence  it  would  be  necessary 
to  compress  and  store  the  air  by  an  electric  motor,  gas  engine,  or,  possibly,  hydraulic 
machinery  in  case  there  were  a  suitable  water  power  in  the  neighborhood.  Elec- 
tricity is  certainly  the  ideal  power  for  handling  movable  spans,  especially  when 
there  is  available  more  than  one  source  of  supply.  If  there  be  but  one,  and  if  the 
stream  carry  much  traffic,  as  a  matter  of  precaution  the  designer  should  install  either 
a  storage  battery  or  an  auxiliary  gasoline  engine  capable  of  operating  the  structure  at 
moderate  speed. 

Where  natural  gas  is  procurable  and  cheap,  it  is  sometimes  economic  to  adopt  a  gas 
engine;  but  even  under  these  conditions  it  is  difficult  to  compete  successfully  with 
electricity,  especially  when  the  items  of  interest,  depreciation,  and  repairs  are  duly 
considered,  for  theee  are  much  greater  when  either  gas  or  gasoline  is  used  than  when 
electricity  is  the  moti\'e  power.  The  much  greater  weight  and  heavier  vibration  of 
the  gas  engine  or  the  gasoline  engine,  as  compared  with  the  electric  motor,  militates 
materially  against  its  employment  for  operating  bridges,  because  it  costs  money  to 
support  weight  eveli  in  the  tower  of  a  swing  span,  and  excessive  vibration  is  certainly 
a  disadvantage  that  should  not  be  ignored. 

In  Engineering  News  of  October  13,  1910,  there  is  a  paper  by  S.  F.  Nichols,  Esq., 
electrical  engineer,  who  is  an  acknowledged  authority  on  electrical  engineering, 
entitled  "The  electrical  operation  of  drawbridges.  **  His  statements  concerning  the 
superiority  of  electricity  as  the  motive  power  are  so  clear  and  conclusive  that  the 
author  takes  the  liberty  of  quoting  from  the  said  paper  as  follows: 

' '  The  electric  motor  has  manv  points  to  recommend  it,  with  few  disadvantages.  It 
is  very  light  and  compact,  ana  it  is  very  conveniently  reversed.  It  is  capable  of 
sustaining  a  very  heavy  overload  for  short  periods,  which  enables  it  to  take  care  of 
the  very  aifficult  problem  of  accelerating  a  heavy  mass  and  also  of  operating  the  bridge 
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agaiiut  high  wind  prearores  that  may  occasionally  be  experienced.  It  is  almost 
noiseless  in  operation.  It  requires  comparatively  little  attention,  and  when  periodi* 
cally  inspected  the  possibility  of  its  getting  out  of  order  and  refusing  to  work  is  very 
remote. 

'*  Being  compact,  it  can  be  located  verv  close  to  the  point  where  the  power  must  be 
used.  This  makes  it  possible  to  locate  the  openttor  at  the  most  oxiv^ent  position 
from  the  standpoint  of  accessibility  or  where  the  best  view  can  be  obtained  of  the 
river  or  railroad  or  highway  traffic.  The  motors  can  be  located  on  a  moving  portion 
of  the  structure,  while  the  operator's  house  is  located  on  the  fixed  part." 

For  bridges  of  importance  it  is  certainly  good  practice  to  have  as  many  sources  of 
power  as  possible  available  for  use  in  an  emergency,  and  if  both  electric  current  and 
an  independent  source  of  energy  can  be  furnished,  the  duplication  is  well  worth  the 
extra  cost  that  it  involves;  for  reliability  is  the  prime  desideratum  to  be  attained. 

The  best  kind  of  movable  bridge  to  adopt  for  any  crossing  will  depend  greatly  upcm 
the  conditions  that  exist  there.  Generally  the  vertical  lift  or  the  bascule  is  superior 
to  the  swing  for  the  following  reasons: 

First.  Either  of  the  lifts  provides  one  comparatively  large  clear  opening  instead  of 
the  two  smaller  ones  involved  by  the  swing. 

Second.  It  o£fers  less  obstruction  to  the  flow  of  water,  owing  to  the  absence  of  the 
draw  rest  and  (generally)  the  smaller  number  of  piers. 

Third.  The  cost  of  maintenance  is  lees  because  of  the  necessity  of  maintaining  a 
perishable  draw  rest  for  a  swing  span. 

Fourth.  The  danger  of  the  span's  being  struck  by  passing  vessels  is  much  greats 
in  the  case  of  a  swing  than  in  that  of  either  kind  of  lift. 

Fifth.  The  time  of  operation  is  two  or  three  times  as  long  for  a  swing  as  for  either 
style  of  lift. 

Sixth.  The  Ufts  generally  afford  better  automatic  adjustment  of  the  railroad  tracks 
than  do  swing  spans,  although  with  proper  precautions  there  should  be  no  danger  of 
accident  on  account  of  derailment  caused  by  improper  track  adjustment.  A  serious 
accident  from  this  cause  occurred  at  Atlantic  City  on  October  21,  1906,  in  which  a 
number  of  people  were  killed. 

Seventh.  The  swing  bridge  often  interferes  with  adjacent  valuable  property,  which 
neither  type  of  lift  does,  because  the  location  thereof  is  always  confined  to  the  city 
street  or  the  company's  right  of  way. 

Eighth.  In  case  of  future  enlargement  of  bridge  to  acconmiodate  an  increase  of 
traffic,  tl^  swing  bridge  has  to  be  torn  down  and  rebuilt,  while  a  vertical  lift  or  a 
bascule  can  simply  be  duplicated  abngaide. 

Ninth.  The  wider  the  roadway  of  a  swing  bridge  the  more  obstructive  does  it  become 
to  navigation,  while  the  widening  of  a  lift  does  no  harm  thereto  whatsoever. 

Tenth.  In  passing  vessels  with  low  masts,  a  swing  has  to  open  just  as  fully  as  for  a 
high-masted  craft,  which  is  not  the  case  with  a  vertical  lift  or  a  bascule.  In  this 
regard  the  vertical  lift  has  a  decided  advantage  over  the  latter,  in  that  the  deck  rises 
horizontally. 

Eleventh.  In  sand-bearing  streams  the  protection  works' for  the  pivot  pier  cause  a 
deposit  of  sediment  and  thus  often  tend  to  obstruct  navigation. 

Twelfth.  Generally  speaking,  the  first  cost  of  a  swing  bridge  is  more  than  that  of 
either  the  vertical  lift  or  the  bascule,  although  there  are  occasional  exceptions. 

Comparing  the  vertical  lift  with  Uie  bascule,  the  former  has  a  few  advantages, 
among  which  may  be  mentioned  the  following: 

First.  The  floor  is  always  horizontal,  permitting  the  use  of  a  block  pavement,  which 
can  not  well  be  employed  on  a  bascule. 

Second.  Great  wind  pressure  during  operation  has  no  appreciable  effect  on  a  ver- 
tical Uft,  while  it  may  cause  serious  delay  to  a  bascule  or  even,  under  extreme  con- 
ditions, prevent  its  operation  altogether. 

Third.  As  previously  indicated,  the  vertical  lift  does  not  have  to  rise  so  high  f<nr 
low-masted  passing  craft  as  does  the  bascule,  and  thus  it  saves  a  small  amount  of  time. 
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Fourth.  In  railroad  bridges  when  the  moving  span  is  down  it  acts  just  like  any 
fixed  span  as  far  as  operation  und^  traffic  is  concerned,  which  can  not  be  said  for 
either  the  bascule  or  the  swing;  or  in  other  ^rds,  for  railroad  traffic  the  vertical  lift  is 
the  most  rigid  of  the  three  types. 

Fifth.  In  case  of  a  shifting  channel,  it  is  feasible  at  very  moderate  expense  to  make 
a  number  of  the  ^ans  alike  and  to  arrange,  for  any  time  in  the  future,  to  have  the 
towers  and  machinery  taken  down,  transferred,  and  re-erected  so  as  to  lift  any  one  of 
the  said  equal  spans.  This  could  not  by  any  possibility  be  done  in  the  case  of  any 
other  type  of  movable  structure. 

Sixth.  The  vertical  lift,  when  its  towers  do  not  rest  on  flanking  spans,  lends  itself 
readily  to  a  future  raising  or  lowering  of  the  grade  line  in  a  way  that  no  other  type  of 
movable  span  can  possibly  do;  for  all  that  is  necessary  is  to  change  the  elevation  of  its 
supports  at  the  four  comers  and  to  modify  slightly  the  transverse  bracing  of  the  towers. 
If  a  change  of  grade  be  anticipated  when  the  plans  are  being  prepared,  provision  should 
be  made  ther^or  by  increasing  adequately  the  heights  of  the  towers;  but  if  at  any  time 
the  grade  on  a  vertical-lift  bridge  of  the  ty}>e  mentioned,  for  which  no  such  prepara- 
tion has  been  made,  has  to  be  raised  to  such  an  extent  that  the  required  clear  head- 
way will  be  interfered  with  because  of  the  counterweights  reaching  the  new  decks  of 
the  approaches  in  the  towers,  the  result  desired  can  be  accomplished  by  arranging  for 
a  small  portion  of  the  said  approaches  to  move  either  laterally  or  vertically  out  of  the 
way  of  the  coimterweights  whenever  a  very-tall-masted  vessel  has  to  pass.  For  any 
other  vessel,  however,  these  moving  approaches  would  not  have  to  be  utilized;  con- 
sequently they  would  very  seldom  require  to  be  operated. 

Seventh.  The  vertical  lift  accommodates  itself  to  a  skew  crossing  far  better  than 
does  the  bascule,  as  in  the  latter  the  tail  end  has  to  be  squared,  while  in  the  former 
both  the  span  and  the  towers  may  be  skewed. 

Eighth.  The  pound  price  for  the  entire  metalwork  of  a  bascule  is  decidedly 
greater  than  that  for  a  vertical  lift. 

Ninth.  By  spanning  the  opening  between  tops  of  towers  in  a  vertical  lift  bridge, 
electric  wires,  water-pipes,  and  gas-pipes  can  be  carried  across;  but  the  bascule  and 
the  swing  bridge  would  necessitate  either  expensive  and  troublesome  submarine 
cables  and  conduits  or  special  towers  for  an  overhead  span. 

Tenth.  For  large  bridges,  long  opening  spans,  and  expensive  substructures  the  ver- 
tical lift  costs  less  than  the  bascule. 

The  true  economy  of  the  vertical  lift  bridge  as  compared  with  both  the  swing  span 
and  the  bascule  is  proved  beyond  the  perad venture  of  a  doubt  by  the  30  or  more 
structures  listed  and  described  above.  The  type  has  come  to  stay;  and  it  will  con- 
tinue to  be  used  more  and  more  as  time  goes  on;  for  not  only  is  it  inexpensive  in  first 
cost,  comparatively  speaking,  but  also  it  is  simple,  rigid,  easy  to  operate,  and  econom- 
ical of  power.  It  has  met  with  considerable  opposition  up  to  the  present  time^ 
mainly  from  the  owners  of  bascule  patents;  but  it  has  overcome  that  opposition  most 
satisfactorily  and  unequivocally,  consequently  the  future  of  the  type  may  be  counted 
upon  as  assured. 

In  conclusion,  the  author  desires  to  say  a  few  words  concerning  the  suitability  of  the 
vertical-lift  bridge  for  stream  crossings  in  Latin- American  countries. 

First.  As  it  is  much  more  simple  in  its  operation  than  any  of  the  bascule  bridges, 
its  machinery  is  less  likely  to  get  out  of  order  and  is  more  easily  repaired,  which  is  a 
great  desideratiun  where  the  conveniences  for  repairing  or  replacing  of  parts  are  not 
close  at  hand. 

Second.  For  those  crossings  that  have  to  provide  only  for  the  passage  of  river 
steamers,  there  is  invariably  a  great  saving  in  first  cost  of  the  vertical  lift  as  compared 
with  either  the  swing  or  the  bascule;  and  a  large  proportion  of  the  movable  spans 
that  will  be  needed  in  Latin- American  countries  will  involve  such  requirements. 
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Third.  For  croesings  that  hare  to  provide  for  the  passage  of  ocean-going  vessels, 
the  vertical  lift  will  generally  be  found  to  cost  less  than  any  other  type  of  movable 
span.  The  exception  is  when  the  opening  is  small  and  the  vertical  clearance  is 
great,  under  which  conditions  the  minimum  opening  for  economy  of  vertical  lift 
will  be  found  to  be  about  125  feet,  or  in  some  cases  a  little  less.  It  is  not  often,  though, 
that  the  permissible  horisontal  clearance  f<^  passing  ocean-going  vess^  is  as  snauall 
as  150  feet,  but  there  are  a  few  cases  thereof  on  record. 

In  conclusion,  in  spite  of  all  the  possible  adverse  criticism  to  which  he  may  thereby 
subject  himself,  the  author  desires  to  state  that  no  movable  span  can  be  satisfactorily 
designed  without  the  aid  of  a  bridge  expert  who  is  truly  experienced  on  such  con* 
structions.  Laymen  (including,  unfortunately,  those  connected  with  railway  build- 
ing) are  too  often  prone  to  believe  that  any  engineer  is  capable  of  designing  a  bridge, 
and  that,  consequently,  there  is  no  need  to  retain  therefc^  an  expensive  specialist. 
When  such  an  idea  is  acted  upon  in  the  case  of  an  ordinary  fixed  span,  the  result  is 
generally  bad  enough,  but  if  it  should  be  adopted  in  the  case  of  a  movable  span, 
eq>ecially  one  of  uncommon  type,  the  effect  would  certainly  be  disastrous.  This 
remark  carries  special  force  in  connection  with  bridges  that  are  to  be  built  in  any 
Latin- American  country. 

The  Chairman.  If  there  is  no  further  business,  the  subsection  will 
stand  adjourned. 

Whereupon,  at  12.10  o'clock,  the  subsection  adjourned. 
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JOINT  SESSION  OF  SUBSECTION  3  OF  SECTION  m  AND  SUB- 
SECTIONS 3  AND  4  OF  SECTION  V. 

Raleigh  Hotel, 
Wedfhesday  morning,  December  29,  1916. 

Chairmen,  H.  W.  Groteb  and  John  B.  Whitehead. 

The  session  was  called  to  order  at  9.30  o^clock  by  Chairman  White- 
head. 

Papers  presented: 

Electrochemical  industries,  by  G.  A.  Roush. 

Laws  and  regulations  regarding  the  use  of  water  in  Pan  American 
eoimtries,  by  Rome  G.  Brown. 

State  regulation  of  water  powers,  by  HaHord  Erickson. 

The  status  of  water-power  development,  by  H.  W.  Buck. 

Industrial  apphcations  of  electricity,  by  Philip  Torchio. 

The  Chaerb^an.  I  take  pleasure  in  presenting  Prof.  G.  A.  Roush, 
who  will  read  a  paper  on  '*  Electrochemical  industries." 


ELECTROCHEMICAL  INDUSTRIES. 

By  G.  A.  ROUSH, 
Assistant  Professor  of  Metallurgy  and  Electrometallurgy ,  Lehigh  University. 

Electrochemistry  has  been  defined  as  the  art  of  applying  electrical  energy  to  facili- 
tating the  work  of  the  chemist.  An  electrochemical  industry,  then,  would  be  one  in 
which  electric  eneigy  is  utilized  to  facilitate  the  carrying  on  of  some  chemical  react;Lon 
on  a  commercial  scale.  And  it  has  not  only  facilitated  many  of  the  most  difficult  and 
costly  chemical  reactions,  but  has  also  supplanted  many  by  simpler  and  more  direct 
methods,  and  even  in  some  cases  has  developed  entirely  new  reactions  and  produced 
entirely  new  products  that  could  not  otherwise  be  secured.  Caustic  soda  and  bleach 
from  c<>mmon  salt  by  chemical  methods  required  a  series  of  operations,  while  the 
electro-chemical  mediod  does  it  cheaply  in  one  operation;  and  calcium  carbide  or 
carborundum  could  never  have  been  obtained  without  the  electric  furnace. 

Chemical  reactions  as  a  whole  can  be  divided  into  two  general  classes— those  that  are 
exothermic,  giving  out  heat  as  they  proceed,  and  those  that  are  endothermic,  absorb- 
ing heat  as  they  proceed.    We  write  the  equation 

Zn-hCuSO^^ZnSO^+Cu-f  50,500  Cal. 

Or,  to  interpret  it  literally,  if  we  have  159.6  kg.  of  CuSO^in  solution  in,  say,  1,000  kg.  of 
water,  and  add  to  the  solution  63  kg.  of  zinc,  the  zinc  will  replace  the  copper  in  the 
solution,  forming  ZnSO^  and  precipitating  the  copper  in  the  metallic  condition,  with  the 
liberation  of  50,500  calories  of  heat,  or  enough  to  raise  the  temperature  of  the  solution 
approximately  50®  C. 
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However,  it  is  not  always  necessary  that  the  eneigy  exchange  of  the  reaction  shall 
be  in  the  form  of  heat.  Some  reactions,  of  which  this  one  cited  is  an  example, 
will  under  proper  conditions  give  out  its  eneigy  in  the  form  of  electricity,  instead  of 
heat.    Such  reactions  we 'term  electrochemical  reactions. 

If,  instead  of  simply  dumping  our  zinc  into  the  CUSO4  solution,  we  place  in  the  solu- 
tion a  zinc  plate  and  a  copper  plate  and  connect  them  with  a  wire  outside  the  solution, 
the  zinc  will  go  into  solution  the  same  as  before,  replacing  the  copper,  which  will  be 
deposited  out  on  the  copper  plate;  but  the  eneigy  of  the  reaction,  instead  of  appearing 
as  heat,  will  appear  as  a  corresponding  amount  of  electrical  eneigy — ^that  is,  193,080 
ampere  seconds  of  electricity  at  an  electromotive  force  slightly  under  1.1  volts. 

The  advantage  of  the  electrochemical  reaction  over  the  chemical  reaction  is  that  the 
former  is  reversible,  whereas  the  latter  is  not.  That  is,  if  we  place  the  copper  in  the 
ZnS04  solution  we  can  not  force  the  reaction  in  the  opposite  direction  by  raising  the 
temperature  of  the  materials  50^,  thus  supplying  the  system  with  the  50,500  calories 
indicated  by  the  equation.  But  if  we  take  the  electrochemical  reaction  and  pass  an 
electric  current  through  the  cell  equivalent  in  amount  to  the  amount  of  electrical 
eneigy  liberated  by  the  reaction,  and  in  the  opposite  direction,  the  system  will  be 
restored  to  its  orij^nal  condition.  This  peculiarity  of  the  electrochemical  reaction 
includes  not  only  the  reversal  of  an  exothermic  reaction  but  also  the  carrying  out  <A  an 
endothermic  reaction  proper,  by  supplying  the  heat  energy  required  in  the  form  of 
electrical  eneigy. 

The  poesibiUties  for  the  development  of  electrochemical  processes  have  been  laigely 
dependent  on  two  factors:  First,  this  ability  of  the  electric  current  to  supply  the 
eneigy  required  for  a  reaction^  thus  enabling  the  reaction  to  proceed,  and,  second, 
the  ease  with  which  high  temperature  can  be  generated  and  controlled  by  electrical 
means,  thus  simplifying  the  carrying  on  of  high-temperature  reactions. 

Electrochemical  processes  di£fer  from  chemical  processes  mainly  in  the  following 
respects: 

(1)  The  energy  required  by  the  reaction  is  supplied  as  electrical  energy  and  not 
as  heat. 

(2)  When  heat  is  used,  as  in  high-temperature  reactions,  the  heat  is  generated 
directly  in  the  charge,  from  electrical  energy,  without  complications  due  to  fuels  or 
flue  gases. 

(3)  As  a  consequence  of  (1)  and  (2)  the  products  are  usually  piu-er. 

(4)  The  apparatus  is  usually  less  complicated  and  the  process  more  direct  than  the 
corresponding  chemical  process. 

(5)  The  wear  and  tear  on  the  plant  is  generally  less. 

Oxidation  and  reduction, — As  the  normal  products  of  the  electrolysis  of  water  are 
hydrogen  at  the  cathode  and  oxygen  at  the  anode,  it  is  easy  to  so  control  the  liberation 
of  these  gases  as  to  influence  their  action  on  the  solution,  and  thus  at  will  to  secure 
electrolytic  oxidation  or  reduction  of  the  solution.  In  many  cases,  particularly  in 
the  formation  of  organic  compounds,  this  form  of  oxidation  or  reduction  is  preferable 
to  a  chemical  process.  In  carrying  on  either  of  these  reactions  it  is  of  course  necessary 
to  protect  the  product  as  much  as  possible  from  the  reaction  in  the  opposite  direction 
that  is  going  on  at  the  other  electrode.  This  is  usually  accomplished  by  means  of 
porous  diaphragms  or  some  other  means  of  controlling  the  circulation  of  the  solution 
in  the  cell. 

Electrochemical  processes.^— The  possibilities  of  many  of  oiu:  present  electrochemical 
processes  were  no  doubt  recognized  many  years  before  they  came  to  be  of  commercial 
importance,  for  many  of  the  reactions  have  been  long  known.  The  commercial  devel- 
opment of  the  processes  necessarily  was  dependent  on  the  production  of  cheap  elec- 
tricity. As  soon  as  electricity  began  to  be  produced  in  sufficient  quantities  to  be 
comparatively  cheap  the  use  of  the  current  in  electrochemical  processes  naturally 
followed.    The  generation  of  electric  power  from  steam  being  comparatively  expen- 
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sive,  much  of  the  progresB  has  been  dependent  on  the  development  of  large  hydro- 
electric installations,  the  laige  plants  put  in  at  Niagara  Falls  in  1894  nnftrying  the 
greatest  single  step  in  this  country. 

The  story  of  the  development  of  electrochemical  industries,  once  a  start  was  made, 
reads  almost  like  a  fairy  tale.  The  observation  and  subsequent  investigation  of  a 
few  bright  crystals  on  the  end  of  a  carbon  electrode  that  had  been  used  in  a  small 
electric  arc  furnace  started  thdlr  discov^er  in  the  manufacture  of  carborundum  at 
the  rate  of  100  grams  a  day.  This  small  start  is  now  represented  by  an  annual  pro- 
duction of  over  13,000,000  kilograms  of  this  and  associated  materials,  valued  at  almost 
$2,000,000,  at  Niagara  Falls  alone,  without  counting  the  materials  made  by  the 
same  and  similar  processes  in  various  foreign  countries. 

The  manufacture  of  metallic  silicon,  although  verging  more  in  the  direction  of 
electrometallurgy,  was  another  very  int^^sting  development.  Until  about  15  year 
ago,  metallic  silicon  was  classed  among  the  chemical  curiosities.  The  catalogues  of 
chemical  supplies  listed  it  at  $2  p^  gram.  Then  came  the  statement  that  silicon 
had  been  reduced  in  the  electric  furnace  and  that  the  inventor  of  the  process  had 
half  a  ton  of  it  stored  away.  Naturally  the  fancy  gram-lot  prices  took  a  big  drop, 
and  soon  the  process  had  been  developed  to  a  sufficient  extent  to  put  the  product 
on  a  commercial  footing.  Uses  were  soon  found  for  large  quantities,  and  the  metal 
can  now  be  bought  in  carload  lots  at  about  15  cents  per  kilogram. 

At  Niagara  Falls,  the  great  electromechanical  center  of  this  country,  the  following 
materials  are  made  by  eithw  electrochemical  or  electrothermal  methods:  Carbo- 
rundum, graphite,  silozicon,  alkali,  chlorine,  h3rpochlorites,  chlorates,  calcium  car- 
bide, cyanamide,  fused  alumina,  phosphorus,  and  lead  peroxide.  This  list  does  not 
include  a  number  of  materials  that  would  naturally  fall  in  the  field  of  electro- 
metallurgy. 

Carborundum, — Carborundum,  graphite,  and  siloxicon  are  all  the  result  of  Acheson's 
pioneer  work  in  the  electric  furnace.  Carborundum  came  first  as  a  product  of  an 
attempt  to  fuse  carbon  and  clay  togethw  and  crystallize  out  the  carbon.  The  crystals 
were  evidently  not  pure  carbon,  and  it  was  first  thought  that  they  were  a  combination 
of  the  carbon  and  the  alumina  of  the  clay.  This  gave  the  new  material  the  name  of 
** carborundum,"  a  combination  of  ** carbon*'  and  "corundum."  A  UtUe  later  it 
was  found  that  the  material  was  not  a  compound  of  carbon  with  the  alumina  of  the 
clay,  but  with  the  silicon  of  the  clay.  But  the  name  stuck,  and  we  still  have  it  to-day, 
and  it  has  now  almost  succeeded  in  replacing  in  the  market  the  corundum  from  which 
it  mistakenly  took  its  name. 

The  process  of  manufacture  consists  simply  in  heating  in  an  electric  resistance 
furnace  a  mixture  of  carbon,  sand,  and  salt.  A  charge  for  a  1,000  horsepower  furnace 
contains  3.5  tons  of  carbon,  6  tons  of  sand,  and  1.5  tons  of  salt.  The  efficiency  of  the 
operation  is  about  50  per  cent,  25  per  cent  being  lost  by  radiation  and  25  per  cent 
being  required  to  heat  the  charge  up  to  the  reaction  temperature,  which  is  then 
lost  when  the  charge  cools  down  again  after  the  reaction. 

The  following  table  shows  in  a  very  interesting  way  the  development  of  this  industry : 

Production  of  carborundum  in  the  United  States. 


Y«tt. 

Metric 
tons. 

Value. 

Value 
per  ton. 

18B2 ••- 

1 
102 
1,060 
9,880 
4,860 
5,n7 
4,010 

1806 

1900 

1168,070 
801,740 
642,427 
602,867 
606,184 

1164 

1005 

164 

1010 

182 

1013        

121 

lOU 

121 
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This  rapid  decrease  in  price  is  a  good  example  of  the  natural  lowering  of  the  value 
of  any  commodity  as  it  increases  in  plentifulness.  In  15  years,  the  total  production 
increased  ten  times,  but  the  value  increased  only  a  little  over  four  times. 

OraphUe, — ^Artificial  graphite  was  first  considered  as  a  commercial  possibility  when 
it  was  noticed  that  in  the  carborundum  furnaces  masses  of  graphite  frequently  resulted 
from  the  overheating  of  the  carborundum  in  the  center  of  the  furnace,  the  carborun- 
dum being  decomposed  and  the  silicon  volatilised,  leaving  the  carbon  as  graphite. 
The  process  was  then  carried  on  with  the  intentional  overheating  of  the  entire  charge, 
with  the  result  that  it  was  converted  into  graphite.  It  was  eventuaUy  found  that 
all  carbides  decompose  with  the  formation  of  graphite  and  the  volatilization  of  the 
metal,  and  that  it  was  not  necessary  to  make  up  a  carborundum  charge  to  secure 
graphite,  but  that  any  carbonaceous  material  could  be  graphitized  that  carried  a 
uniform  mixture  of  metallic  oxides,  for  example,  coke  or  anthracite  coal.  The  next 
step  was  the  graphitization  of  molded  carbon  materials,  particularly  electrodes,  it 
being  only  necessary  to  incorporate  uniformly  throughout  the  body,  while  in  the 
process  of  manufacture,  a  small  percentage  of  some  metallic  oxide,  preferably  Fe208y 
this  being  largely  volatilized  out  in  the  course  of  the  graphitization.  The  amount 
of  graphite  produced  in  this  way  now  amounts  to  over  5,000,000  kilograms  annually, 
valued  at  almost  $1,000,000. 

SUoxkop, — ^Another  development  of  the  carborundum  process  was  the  production 
of  ^'siloxicon,''  an  oxycarbide  of  silicon,  carrying  irregular  amounts  of  oxygen.  This 
was  first  noticed  in  the  outside  layers  of  the  charge  in  the  carborundum  furnace, 
and  when  it  was  found  to  have  valuable  properties  as  a  refractory  material,  the  process 
of  manufacture  was  varied  as  to  secure  this  material  as  the  chief  product  of  the  new 
operation,  rather  than  as  a  by-product. 

Calcium  carbide. — ^The  earliest  of  the  large. electric  furnace  industries  to  be  estab- 
lished was  the  manufacture  of  calcium  carbide,  beginning  as  it  did  about  twenty-two 
or  three  years  ago.  It  is  also  of  as  much  interest  as  any  to  the  Latin-American  coun- 
tries from  a  commercial  standpoint,  for  probably  a  larger  proportion  of  the  product 
finds  its  way  to  these  countries  than  of  any  of  our  other  electrochemical  products. 

Calcium  carbide  is  made  in  the  electric  furnace  by  the  interaction  of  lime,  CaO» 
and  carbon,  usually  in  the  form  of  coke  or  anthracite  coal.  Charcoal  can  be  used, 
and  in  fact,  on  account  of  its  purity  is  the  most  desirable  of  the  three,  but  is  always 
more  expensive.  The  raw  materials  should  be  as  pure  as  possible,  in  order  to  prevent 
the  collection  of  impurities  in  the  product.  Phosphorus  and  arsenic  are  particularly 
to  be  avoided  as  impurities,  and  sulphur  is  also  undesirable.  The  lime  and  fuel, 
coarsely  cru^ed,  are  mixed  and  charged  into  the  furnace,  where  they  are  heated 
to  the  reaction  temperature  mainly  by  the  direct  action  of  the  arc. 

The  furnaces  for  the  manufacture  of  carbide  are  all  of  the  arc  type,  and  only  a  small 
portion  of  the  heating  is  done  by  the  resistance.  They  may  turn  out  the  carbide 
either  in  solid  blocks  or  as  a  liquid,  to  be  tapped  out  as  collected.  Formerly  the 
furnaces  were  of  the  block  type,  but  now  are  going  over  to  the  tapping  furnaces. 

The  earliest  form  of  funuice  consisted  of  an  electrode  suspended  in  a  car,  which 
served  as  the  other  electrode  and  as  a  container  for  the  carbide.  This  form  of  furnace 
was  small  and  of  low  efficiency,  100  to  200  kilowatts  at  40  to  70  volts,  with  a  power 
consumption  of  6  to  7  kilowatt-hours  per  kilogram  of  85  percent  carbide,  an  efficiency 
of  only  40  per  cent.    The  losses  of  raw  materials  were  also  high. 

The  modification  of  the  block  furnace  for  continuous  operation,  the  solidified 
material  being  drawn  away  from  underneath  the  working  zone  of  the  furnace,  made 
possible  a  decrease  in  power  consumption  to  4.5  kilowatt-hours  per  kilogram  of  carbide. 
The  size  of  the  furnace  was  also  increased,  up  to  375  kilowatts. 

Tapping  furnaces  are  much  larger,  up  to  1,200  to  1,400  kilowatts  and  have  a  power 
consumption  of  4.2  to  4.5  kilowatt-hours  per  kilogram  of  carbide.  One  ton  of  product 
requires  900  kilograms  of  lime  and  600  kilograms  of  anthracite  coal. 
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Three-pliMe  carbide  fumacee  have  been  built  up  to  3,000  kilowatts  per  phase,  or 
9,000  kilowatts  per  fiunace.  This  proved  to  be  the  limit  in  furnace  extension  for 
single  units,  as  the  handling  of  larger  currents  at  the  electrodes  gave  exceesive  heat 
and  volatilised  the  charge.  A  unit  of  double  this  size  was  constructed  by  including 
two  three-phase  electrode  systems  in  one  furnace  jacket.  This  gives  an  18,000  kilo> 
watt  furnace  with  six  electrodes,  each  electrode  carrying  up  to  45,000  amperes.  A 
furnace  of  this  siie  will  produce  carbide  with  a  power  consumption  of  4  to  4.2  kilowatt- 
hours  per  kilogram.  Using  charcoal  as  a  source  of  carbon,  the  power  cimsumption 
can  be  cut  as  low  as  3.8  kilowatt-houra  per  kilogram,  equivalent  to  about  69  per  cent 
efficiency,  but  the  extra  cost  of  the  charcoal  over  that  of  the  coal  will  probably  over^ 
balance  the  extra  saving  in  power. 

A  large  proportion  of  the  carbide  now  made  is  for  use  as  a  raw  material  in  the  manu- 
fetcture  of  calcium  cyanamid,  of  which  more  will  be  said  later. 

Alkali  and  chlorine. — A  number  of  different  processes  have  been  developed  and  are 
being  used  in  various  localities,  for  the  electrolysis  of  solutions  of  sodium  and  potassium 
chloride  and  the  production  of  alkali  and  chlorine.  The  principle  of  this  opemtion  is 
the  passage  of  an  electric  current  through  a  salt  solution,  with  the  deposition  of  the 
sodium  at  the  cathode  and  the  chlorine  at  the  anode.  The  sodiiun  immediately 
reacts  with  the  water  of  the  solution,  forming  NaOH  and  hydrogen,  so  that  the  final 
products  are  NaOH  in  solution,  and  hydrogen  and  chlorine  gases,  the  former  at  the 
cathode  and  the  latter  at  the  anode.  The  gases  are  usually  considered  as  by-products 
and  often  go  entirely  to  waste. 

It  is  necessary,  of  course,  to  prevent  the  cathode  solution  containing  the  NaOH  from 
mixing  with  the  anode  solution,  carrying  the  chlorine.  This  may  be  prevented  in 
various  ways,  and  the  different  schemes  for  accomplishing  this  are  the  chief  points  of 
difference  in  the  numerous  cells  in  use.  The  devices  employed  f(»r  this  purpose  iaJl 
into  three  general  classes:  (1)  Cells  with  an  intermediate  electrode  of  mercury  which 
is  in  one  part  cathode  and  another  part  anode.  Sodium  that  is  deposited  and  alloyed 
with  the  mercury  cathode  is  discharged  into  the  soluticm  as  NaOH  when  it  reaches  that 
part  of  the  mercury  that  is  acting  ts  anode;  (2)  cells  in  which  a  diaphragm  is  used  to 
separate  the  anode  and  cathode  compartments  of  the  cell;  (3)  cells  in  which  the  drcu* 
lation  carries  the  solution  over  the  cathode  and  out  of  the  cell,  opposing  the  diffusicm 
of  the  alkali  toward  the  anode. 

The  solution  in  these  cells  varies  in  concentration  from  as  low  as  1  to  2  normal  up  to 
5  to  6  normal.  The  voltage  required  varies  from  3  to  5  volts,  the  kUowatt-hours  per 
kilogram  of  NaOH  from  2  to  3.8  and  the  energy  efficiency  from  40  to  75  per  cent. 

With  cheap  power,  mercury  cells  are  usually  most  suitable.  They  furnish  very 
strong  caustic  liqueurs  almost  free  from  chloride,  and  give  a  pure  anode  gas,  but  their 
first  cost  is  high.  The  diaphragm  cells  give  a  weaker  alkali  liquor,  and  so  req\iire 
more  evaporation.  With  the  circulating  electrolyte,  the  energy  efficiency  is  low,  and 
the  alkali  solution  is  weak. 

The  future  of  the  electrolytic  alkali  industry  depends  largely  on  the  development 
of  new  uses  for  chlorine.  Unless  some  means  can  be  found  to  absorb  this  by-product 
of  the  process,  further  developments  of  the  process  will  be  very  much  limited.  One 
means  of  disposing  of  the  chlorine  is  to  combine  it  with  the  hydrogen  from  the  cathode 
compartment  of  the  same  cell,  to  make  hydrochloric  acid,  HCl.  The  implication  of 
the  process  to  the  manufacture  of  potassium  hydroxide,  with  its  higher  price,  will  not 
be  quite  so  much  limited  as  with  the  cheaper  sodium  salt. 

ChloraU$, — In  electrolyzing  a  neutral  allodin  chloride  solution  the  primary  products 
are  alkali  and  chl(»ine  which,  on  furth^  reaction,  form  hypochlorite.  From  this 
solution,  the  formation  of  chlorate  is  possible  by  oxidation.  This  oxidation  can  be 
carried  on  more  satisfactorily  electrochemically  than  it  can  chemically.  Using 
platinum  electrodes,  a  current  efficiency  of  about  85  to  95  per  cent  can  be  obtained, 
and  an  energy  efficiency  of  about  25  per  cent,  7.7  to  8.2  kilowatt  hours  being  required 
per  kilogram  of  chlorate,  against  a  theoretical  requirement  of  2.06  kilowatt-hours. 
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Phosphorui, — ^The  disadvantages  of  the  old  chemical  methods  for  the  manufacture 
of  phosphorus  were  considerable,  the  reducti<m  of  phosphoric  acid  or  a  phosphate  giving 
a  very  low  yield.  The  operation  is  now  carried  on  electrothermally,  reducing  a 
mixture  of  bone  ash,  calcined  phosphate  rock  <x  calcined  wavellite  (AIPO4)  with 
carbon  and  sand.  The  phosphorus  distils  off  and  is  collected  under  water,  and  the 
calcium  or  aluminium  silicate  slag  is  drawn  off  intermittently.  The  yield  of  phos- 
phorus is  80  to  90  per  cent  and  the  furnace  requires  11.6  kilowatt-hours  per  kilogram 
of  phosphorus. 

Alumina, — ^Electrically  fused  alumina  is  used  mainly  for  abrasive  purposes,  and  to 
a  lesser  extent  as  a  refractory  material  mainly  for  labonitory  apparatus.  The  procees 
consiBts  in  fusing  down  pure  calcined  bauxite  in  an  electric  furnace.  The  furnace 
is  of  the  crucible  type  with  two  electrodes  dipping  into  it.  When  the  furnace  is 
filled  it  is  shut  down,  the  sides  stripped  off  and  the  block  of  alumina,  weighing  about 
5  tons,  is  cooled  slowly  and  then  broken  to  lump  form  for  shipment. 

The  furnace  works  at  110  volts  and  2,500  amperes,  consuming  275  kilowatts.  The 
energy  consumption  is  about  2.1  kilowatt-hoiurs  per  kilogram  of  alumina.  This  is 
only  about  half  the  power  requirement  for  carborundum,  but  the  raw  material  is 
more  expensive,  so  that  the  product  is  a  trifle  more  expensive  than  carborundum. 

The  total  production  of  electrically  fused  alumina  at  Niagara  Falls  now  amounts 
to  over  11,000,000  kilograms  annually,  valued  at  almost  one  and  a  half  million  dollars. 

FvL$ed  quartz. — ^Fused  silica  ware  is  now  made  by  several  manufacturers,  and  almost 
ftny  shape  can  be  secured  that  is  made  in  glass,  providing  the  size  is  not  too  great. 
The  price  of  the  material  is  still  quite  hig^.  Pure  silica  is  fused  in  a  small  electric 
furnace,  and  the  main  difficulty  encountered  is  the  heating  of  the  silica  to  a  sufficient 
temperature  for  it  to  flow  easily  (2,000°  0.)  without  excessive  volatilization  and  with- 
out the  silicon  combining  with  the  carbon  electrodes  to  form  slloxicon  or  carborundum. 

Carbon  bisuyid. — ^The  chemical  manufacture  of  this  substance  was  attended  with 
considerable  difficulty,  but  the  electrothermal  production  works  very  easily,  and  one 
plant  supplies  the  entire  demand  of  this  continent.  A  current  of  electricity  passing 
throu^  a  granular  carbon  resistor  volatilizes  sulfur  to  vapor,  which  passes  up  through 
a  column  of  hot  charcoal  above  the  resistor,  forming  CS,  which  is  drawn  off  from  the 
top  of  the  furnace  and  condensed,  The  energy  consumption  is  about  1.15  kilowatt- 
hour  per  kilogram  of  CS,,  an  efficiency  of  about  35  per  cent. 

Electrolysis  of  vnUer,— One  of  the  most  widely  distributed  of  the  electrochemical 
industries,  but  one  that  is  usually  installed  in  fairly  small  units,  is  the  electrolysis  of 
water  for  the  production  of  hydrogen  or  oxygen,  or  both.  When  only  one  of  the  gases 
is  required  it  is  often  more  economical  to  produce  it  by  some  other  method,  but  if 
both  gases  are  needed,  it  is  better  to  use  an  electrochemical  method,  and  often  the 
conditions  are  such  that  the  single  gas  can  be  produced  advantageously  by  the  elec- 
trochemical method. 

Apparatus  for  the  commercial  electrolysis  of  water  uses  as  electrolyte  a  solution 
either  of  sulfuric  acid,  H3SO4,  or  one  of  the  alkalies,  NaOH  or  KOH.  With  the  alkalies 
the  cells  are  \isually  constructed  of  iron,  and  with  the  add,  they  must  be  lined  with 
lead,  whatever  the  body  of  the  ceU  may  be.  With  the  alki^in  solutions,  a  concen- 
tration of  10  to  25  per  cent  is  iised,  and  with  acid,  20  to  30  per  cent.  The  voltage 
needed  to  force  a  current  through  such  a  cell  is  composed  of  three  factors — ^the  voltage 
of  decomposition  of  the  water,  the  voltage  necessary  to  overcome  the  resistance  of  the 
cell,  and  the  voltage  necessary  to  overcome  the  resistance  of  .^e  gas  layers  on  the 
electrodes,  sometimes  known  as  ''overvoltage.*'  The  H3SO4  solution  has  a  much 
better  conductivity  than  the  alkalln  solutions,  but  ^e  resistance  of  the  gas  films  is 
greater  on  lead  than  on  iron,  so  that  on  the  whole,  cells  using  alkalln  solutions  have  a 
lower  working  voltage  than  those  using  acid.  The  current  efficiency  in  either  case 
can  be  made  to  approach  100  per  cent. 
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The  total  voltage  required  for  the  cells  is  2.3  to  3.6  volts.  The  energy  requirement 
for  1  cubic  meter  of  mixed  gases  is  3.7  to  5.9  kilowatt-hours,  the  alkalin  cells  giving 
the  lower  figure,  and  the  add  cells  the  higher.  In  the  acid  cells,  lead  anodes  are 
used,  which  peroxidize,  and  the  presence  of  PbO,  causes  the  oxygen  to  contain  some 
ozone.  The  chlorides  in  the  alkalin  solution  allow  the  anodes  to  be  slowly  attacked, 
requiring  occasional  replacement. 

The  purity  of  the  gases  is  usually  97  to  99  per  cent. 

Hypochlorites. — Another  electrochemical  industry  that  is  widely  distributed  through- 
out the  country  is  the  manufact^re  of  hypochlorite  for  bleaching  purposes.  For 
some  time  the  use  of  hypochlorite  as  a  bleach  was  confined  to  large  installations, 
where  an  enormous  quantity  oi  bleaching  liquor  was  demanded  every  day,  e.  g.,  in 
the  manufactiu*e  of  paper  pulp.  Now  hypochlorite  plants  are  installed  in  small 
units,  producing  only  a  few  gallons  of  bleach  a  day  for  use  in  laundries.  The  types 
of  cell  used  in  hypochlorite  manufacture  vary  widely,  but  are  all  alike  in  that  they 
must  have  unattackable  electrodes  of  some  kind,  usually  either  graphite  or  platinum. 
Many  of  the  different  types  of  cells  have  a  number  of  electrodes  in  series,  acting  as 
bipolar  electrodes.  The  electrolyte  used  is  a  15  to  17  per  cent  solution  of  common 
salt,  NaCl.  The  eflficiency  of  the  operation  in  practice  usually  amounts  to  only  about 
20  to  25  per  cent,  but  the  simplicity  and  ease  of  working  of  the  process  commend  it 
in  spite  of  its  low  energy  efficiency.  The  minimum  requirement  is  1.27  kilowatt- 
hours  for  the  production  of  1  kilpgram  of  active  chlorine,  while  actual  practice  requires 
6  to  7  kilowatt-hours. 

The  nitrogen  problem, — ^The  question  of  greatest  interest  to  the  South  American 
countries,  and  particularly  to  Chile,  b  the  problem  of  nitrog^i  fixation,  as  affecting 
the  sale  and  distribution  of  its  enormous  supplies  of  sodium  nitrate.  That  the  solu- 
tion of  this  problem  has  not  yet  progressed  far  enough  to  appreciably  affect  the  Chilean 
markets  as  a  whole  is  amply  evidenced  by  the  fact  that  the  total  production  of  nitrate 
is  continually  on  the  increase.  According  to  the  figures  of  Montgomery  A  Co.,  of 
London,  the  world's  consimiption  of  Chilean  nitrate  has  not  failed  to  ^ow  a  sub- 
stantial increase  ^ch  year  since  1902,  practically  doubling  in  that  period,  and  now 
approximating  two  and  a  half  million  tons  annually .  However,  even  ^ough  the  entire 
consumption  continues  to  show  an  annual  increase,  the  distribution  in  certain  localities 
is  becoming  affected .  The  only  localities  at  present  where  the  fixation  of  nitrogen  has 
progressed  to  a  point  where  it  could  at  all  affect  the  consumption  of  nitrate  are  in 
Europe  and  the  United  States.  Consumption  of  nitrate  still  shows  a  continuous 
increase  in  Europe,  but  imports  into  the  United  States  show  very  little  increase  in  the 
last  four  years.  There  are  no  figures  available  on  the  production  of  artificially  fixed 
nitrogen  in  the  United  States,  but  undoubtedly  the  production  has  reached  a  point 
where  it  has  b^gun  to  affect  the  consimiption  of  Chilean  nitrate.  That  the  artificially 
fixed  nitrogen  is  reaching  a  point  where  it  must  be  seriously  considered  as  a  com- 
petitor of  the  natural  material  is  evidenced  by  the  fact  that  the  total  annual  amount 
of  fixed  nitrogen  is  now  approximately  one-fourth  the  amount  represented  by  the 
world's  annual  consimiption  of  nitrates,  the  former  representing  about  100,000  tons, 
and  the  latter  400,000  tons  of  nitrogen. 

The  commercial  application  of  the  fixation  of  atmospheric  nitrogen  now  covers  a 
period  of  10  years,  and  of  the  endless  number  of  processes  that  have  been  devised  to 
serve  this  purpose,  only  four  have  been  carried  as  far  as  a  commercial  trial,  and  thus 
far  only  two  have  proven  a  commercial  success.  The  other  two  are  still  in  the  experi- 
mental stage.  These  two  successful  processes  are  the  '*arc"  and  the  **cyanamid" 
processes.  As  has  already  been  pointed  out,  the  annual  capacity  of  the  plants  oper- 
ating these  two  processes  is  in  the  neighborhood  of  100,000  tons  of  fixed  nitrogen,  of 
which  one-third  is  from  the  arc  process  and  two-thirds  from  the  cyanamid  process. 

The  arc  process  is  a  distinctly  electrochemical  process,  while  the  cyanamid  is  only 
indirectly  electrochemical.    The  only  place  where  electrochemistry  figures  in  the 
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cyanamid  process  is  in  the  preparation  of  the  calcium  carbide,  which  is  the  chief  raw- 
material  from  which  the  cyanamid  is  made.  This  has  already  been  covered  under 
the  head  of  calcium  carbide,  and  needs  no  further  attention  here.  While  this  leaves 
the  cyananfid  process  oi  little  interest  from  an  electrochemical  standpoint,  it  is  (^ 
extreme  interest  as  a  process  for  the  fixation  of  nitrogen,  for  at  present  two-thirds  of 
the  fixed  nitrogen  is  obtained  by  this  process,  and  the  prop<»rtion  bids  fair  to  increase. 
This  process  is  much  cheaper  and  much  more  efficient  than  the  arc  i»x>ce8s,  and  it  is 
this  process  which  will  be  the  main  competitor  of  the  Chilean  nitrate. 

The  arc  process,  while  a  very  interesting  development  from  an  electrochemical 
standpoint,  and  as  the  pioneer  in  the  field,  can  not  cope  with  the  cyanamid  process 
either  in  cost  of  operation  or  in  efficiency.  The  principle  on  which  the  arc  process 
is  based  is  the  oxidation  of  nitrogen  by  free  oxygen  under  the  influence  of  a  high 
tension  discharge.  One  of  the  simplest  forms  of  apparatus  for  accomplishing  this  and 
at  the  same  time  one  of  the  most  satisfactory  is  that  of  Birkeland  and  Eyde.  If  an 
arc  is  struck  between  two  high  tension  electrodes,  it  inmiediately  tends  to  break 
down  to  a  low-voltage  arc,  at  a  high  current,  but  if  the  arc  is  placed  between  two 
powerful  electromagnets,  the  electromagnetic  force  will  bend  the  arc  out  from  the  line 
of  the  electrodes,  in  semicircular  form.  As  the  arc  spreads  and  becomes  longer,  the 
current  drops  and  the  voltage  at  the  terminals  of  the  electrodes  increases  and  soon 
reaches  a  point  where  a  second  arc  strikes  across  between  the  electrodes  in  the  same 
manner,  to  be  immediately  followed  by  others  imtil  the  first  arc  formed  reaches  such 
a  length  that  the  voltage  is  no  longer  able  to  sustain  it.  Since  an  alternating  current 
is  used,  the  succeeding  arcs  form  on  opposite  sides  of  the  electrodes  and,  with  proper 
regulation,  maintain  a  circular  sheet  of  flame,  composed  of  a  series  of  arcs  progressing 
outward  till  they  are  extinguished  either  by  becoming  too  long  to  be  maintained  by 
the  voltage  available,  or  by  the  reversal  of  the  electromotive  force  at  the  end  of  every 
half-period  of  the  alternating  current. 

This  disk  of  flame,  which  is  about  1.6  meters  in  diameter,  is  inclosed  in  a  fiunace 
and  a  current  of  air  is  forced  out  radially  on  each  side  of  the  arc.  Furnaces  are  in 
operation,  taking  3,200  to  4,000  kilowatts  at  about  5,000  volts,  of  which  3,300  to  3,900 
volts  are  across  the  arc,  the  remainder  being  absorbed  by  the  series  inductances. 
The  frequency  is  50  periods,  the  power  factor  is  66  to  68  per  cent  and  the  current  940 
amperes.  The  gas  from  the  fiu'naces  carries  1  to  1.2  per  cent  NO,  and  the  yield  of 
HNO,  is  about  67  grams  per  kilowatt-hour. 

The  Paulding  process  is  similar  in  principle  to  the  Birkeland -Eyde,  but  differs  in 
application.  Here  the  succession  of  arcs  is  produced  not  by  magnetic  deflection, 
but  by  blo\nng  the  blast  of  air  that  is  to  be  treated  between  the  two  electrodes,  thus 
accomplishing  the  same  end  as  the  magnet  of  Birkeland  and  Eyde,  except  that  the 
sheet  of  flame  extends  on  one  side  of  the  electrodes  only.  The  gas  from  the  Paulding 
furnace  is  somewhat  richer  than  that  from  the  Birkeland-Eyde  furnace,  but  the 
yields  are  somewhat  lower.  Each  furnace  contains  two  200-kilowatt  arcs  in  series, 
at  4,000  volts,  taking  140  amperes  at  a  power  factor  of  70  per  cent. 

In  comparison  with  these  processes,  the  Schdnherr  process  is  of  interest,  this  being 
based  on  a  different  principle.  Both  the  Birkeland-Eyde  and  the  Paulding  pro- 
cesses recognize  the  difficulty  of  maintaining  a  high-tension  arc,  particularly  when 
subjected  to  a  current  of  air,  and  so  means  are  provided  for  securing  a  rapid  succession 
of  arcs  as  fast  as  they  are  extinguished .  As  a  matter  of  fact,  the  arcs  are  made  to  over- 
lap, so  several  exist  in  parallel  at  the  same  time.  Schdnherr,  however,  attacked  the 
problem  of  maintaining  a  stable  high-tension,  high-current  arc,  working  on  the  prin- 
ciple that  if  the  air  ciurrent  were  so  introduced  that  it  did  not  deform  the  arc,  the  dis- 
charge could  be  maintained  in  a  stable  condition.  Paulding  used  the  air  current, 
at  right  angles  to  the  arc,  to  draw  the  arc  out  to  a  greater  length.  Schdnherr  secured 
the  same  result  without  destroying  the  arc  by  introducing  the  air  tangentially  from  all 
sides  simultaneously  so  that  it  traveled  with  a  helical  motion  in  the  direction  of  the 
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arc.  Thifl  neither  deformed  the  arc,  nor  overcooled  it,  allowing  it  to  burn  quietly. 
Working  on  this  principle,  the  commercial  furnaces  designed  by  Heflsbeiger  take 
700  to  750  kilowatts,  8,500  volts,  and  290  amperes  with  a  power  factor  of  66  per  cent. 
The  arc  carried  is  from  5  to  7  meters  in  length.  The  gases  carry  1.5  to  2  per  cent  NO 
and  the  yield  is  68  grams  HNOj  per  kilowatt  hour. 

One  of  the  great  drawbacks  of  the  arc  process  is  the  low  concentration  of  acid  in 
the  exit  gases,  and  the  very  low  energy  efficiency,  amounting  to  only  about  3  per 
cent.  For  example,  of  the  250,000  horsepower  used  at  the  plant  at  Rjukan,  Norway, 
less  than  10,000  horsepower  is  represented  by  the  chemical  work  tied  up  in  the  product 
shipped  from  the  plant.    The  remaining  240,000  horsepower  is  entirely  lost. 

Und^  such  circumstances,  it  is  natural  that  the  operation  of  such  processes  is 
limited  strictly  to  those  locahties  where  power  is  exceedingly  cheap. 

Since  the  yields  mentioned  amount  to  only  500  to  600  kilograms  per  kilowatt-year,  it 
readily  can  be  seen  that  at  the  ordinary  price  for  nitric  acid  the  power  cost  must  be 
lees  than  one-third  the  average  cost  at  Niagara  Falls,  in  order  to  have  any  maigin  at 
all  left  over  to  cover  labor  costs  and  fixed  charges. 

Another  drawback  is  that  die  conditions  for  exceedin^y  cheap  power  exist  only 
in  localities  far  removed  from  centers  of  supply  and  demand,  necessitating  the  bur- 
dening of  the  product  with  a  heavy  freight  chsurge  to  carry  it  to  its  ultimate  destination . 

Another  factor  of  considerable  influence  is  the  large  maigin  of  possibility  (or  the 
improvement  of  the  processes.  Fifty  per  cent  would  be  a  low  figure  as  an  average 
efficiency  for  electrochemical  processes  in  general,  and  a  new  process  with  an 
increase  of  10,  or  even  20  per  cent,  over  this  figure  would  not  necessarily  put 
the  old  plant  out  of  business  if  it  was  well  established,  well  located,  and  properly 
managed.  But  in  the  present  condition  of  the  arc  processes  for  the  fixation  of  nitio- 
gen  an  increase  in  efficiency  of  only  5  per  cent  by  some  other  process  would  practi- 
cally treble  the  yield  and  would  probably  scrap  the  old  plant,  not,  however,  with- 
out itself  still  being  liable  to  follow  in  the  same  path  when  some  investigator  accom- 
plishes another  10  per  cent  increase  in  efficiency.  Naturally  the  existence  of  such 
a  plant  is  precarious,  and  capital  can  not  be  blamed  for  hesitating  to  embark  on  sudi 
a  venture. 

Future  devdoyments, — ^The  question  of  future  development  in  electrochemical 
industries  is  largely  a  matter  of  local  conditions  and  only  to  a  lesser  extent  of  general 
conditions.  For  a  pmUnent  example,  let  us  tium  to  the  sister  field  of  electrometal- 
lurgy. The  electrometallurgy  of  zinc  has  for  years  been  struggling  for  advancement, 
but  it  was  only  in  an  exceptional  locality  (Norway)  that  conditions  were  such  that 
the  economic  balance  was  in  favor  of  the  process.  However,  with  the  abnormally 
high  process  Uiat  zinc  has  commanded  for  the  last  few  months  electrometalluigical 
processes  are  given  a  much  broader  chance  for  existence,  for  it  is  easily  seen  that 
zinc  selling  at  12  to  15  cents  a  pound  can  stand  much  higher  manufacturing  costs 
without  loss  to  the  producer  than  zinc  selling  for  one-third  of  that  price.  TIm  high 
prices  prevailing  since  the  European  war  began  have  been  an  immense  inc^itive 
to  the  development  of  many  electrochemical  processes,  but  it  is  more  often  that  it 
is  strictly  local  conditions  tlmt  control  the  development  in  any  particular  field  rather 
than  some  wideepread  factor. 

As  has  already  been  pointed  out,  the  necessity  for  cheap  power  in  large  quantities 
has  been  one  of  the  prime  factors  in  the  past  development  of  the  electrochemical 
industries,  and  it  is  bound  to  remain  as  one  of  the  controlling  factcMv  in  any  question 
of  this  kind,  but  not  necessarily  the  deciding  factor,  as  is  well  shown  in  the  distri- 
bution of  electrolytic  coppw  refining,  if  we  may  be  permitted  to  take  another  illus- 
tration from  electrometallurgical  fields.  Niagara  Falls  is  undoubtedly  the  greatest 
electrochemical  center  in  this  country  and  supplies  poww  dieaper  than  can  be  se- 
cured by  any  means  other  than  water  power.    Yet,  <mly  about  3  per  cent  of  the  cop- 
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per  refined  in  this  country  is  refined  with  Niagara  power,  and  over  90  per  cent  la  refined 
on  the  Atlantic  seaboard  with  engine-generated  power.  Cheap  power  alone  can 
easily  be  overbalanced  by  high  labor  and  transportation  charges,  lack  of  proper  raw 
materials,  remoteness  from  markets,  competition  from  already  established  industries, 
and  other  factors.  These  must  all  be  taken  into  consideration  and  properly  balanced 
against  each  other  in  the  establishment  of  a  new  industry. 

Electrochemical  development  in  the  country  is  partly  breaking  away  from  its  pre- 
vious limitations  and  now  embraces  two  distinctively  different  phases.  First,  we 
have  the  large-scale  operation  that  has  been  characteristic  of  much  of  the  electro- 
chemical development  of  the  past,  of  which  Niagara  Falls  is  a  good  example  of  a 
finished  job,  and  the  Speel  River  project  in  Alaska  is  an  example  of  the  beginning  of 
the  development.  In  this  sort  of  an  operation,  a  large  water-power  poesibility  is 
selected,  with  the  best  natural  surroundings  that  can  be  obtained  with  regard  to 
labor  supply,  shipping  facilities,  availability  of  a  general  market,  etc.,  and  the  attempt 
is  made  to  interest  capital  in  the  establishment  of  the  various  industries  whose  special 
requirements  can  be  fulfilled  at  this  particular  location. 

The  other  class  of  development  is  the  utilization  of  small  amounts  of  power  in  elec- 
trochemical work,  this  being  the  excess  supply  from  operations  in  which  the  bulk  of 
the  power  is  demanded  for  other  purposes.  In  this  class  falls  the  large  central  generat- 
ing station  for  a  city  lighting  or  transportation  system  that  has  a  few  hundred  or  pos- 
sibly a  few  thousand  horsepower  of  excess  capacity.  Prominent  also  in  this  class  is 
the  large  central  station  that  has  a  fluctuating  load,  heavy  at  morning  and  evening, 
and  comparatively  light  during  the  intervening  hours.  Much  attention  is  now  being 
given  to  the  utilization  of  these  small  amounts  of  power  in  electrochemical  industries. 
And  since  example  of  these  latter  possibilities  are  much  more  numerous  than  of  the 
former  class,  they  are  deserving  of  more  extended  consideration.  Since  the  large 
water  powers  are  limited  in  number,  we  must  of  necessity  look  to  the  proper  develop- 
ment and  utilization  of  the  smaller  ones. 

Many  small  and  even  moderate-size  hydroelectric  stations  have  been  installed  for 
the  sake  of  power  alone,  without  any  thought  of  electrochemical  development.  For 
example,  here  is  a  moderate  sized  city  located  in  or  near  our  own  western  mountains. 
The  ordinary  demands  of  the  city  for  light  and  power  amount  to  20,000  horsepower. 
The  stream  that  is  used  to  furnish  the  power  is  capable  of  delivering  30,000  horse- 
power. In  order  to  have  a  margin  for  future  extension,  and  to  take  advantage  of  the 
greater  economy  of  making  only  one  installation,  the  company  decides  to  develop 
the  full  capacity  of  the  stream  at  once.  Electrochemical  or  electrometallurgical 
industries  will  be  ideal  consumers  of  this  excess  power,  providing  industries  can  be 
located  that  can  fit  in  with  other  local  conditions  with  respect  to  raw  materials,  labor, 
transportation,  markets,  etc. 

Or  suppose  we  have  a  stream  whose  flow  is  fluctuating.  During  the  dry  summer 
months  it  can  furnish  only  the  20,000  horsepower  that  the  present  industries  of  the 
vicinity  demand,  but  during  the  remainder  of  the  year  it  can  furnish  five  or  ten 
thousand  horsepower  more.  The  ideal  consumer  for  this  intermittent  power  would 
be  some  electrochemical  or  electrometallurgical  industry  working  an  intermittent 
process  that  could  be  interrupted  without  excessive  costs,  and  making  a  product  that 
could  be  stored  to  tide  over  the  demand  of  the  months  that  the  plant  was  idle. 

But  the  most  interesting  and  the  most  universal  of  all  of  these  possibiiitiee  is  the  use 
of  what  is  technically  known  as  ** off-peak' '  powel^— that  is,  that  part  of  the  capacity 
of  the  plant  that  is  required  by  the  regular  operation  of  the  plant  for  only  a  few  hours 
a  day  and  must  lie  idle  for  the  rest  of  the  time,  unless  some  customer  can  be  found 
that  can  make  his  demands  for  power  coincide  with  the  lower  parts  of  the  daily  load 
curve;  and  such  electrochemical  processes  as  are  not  thrown  unduly  out  of  balance 
by  an  interruption  of  an  hour  or  two  each  morning  and  evening  are  now  beginning 
to  maike  use  of  such  power  at  comparatively  low  rates. 
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Take,  for  example,  the  plant  fumiflhing  power  for  the  street-car  service  in  a  mod- 
erate-size city.  The  demand  on  the  generating  station  will  start  at,  say,  5  o'clock 
a.  m.  and  will  rapidly  increase  until  about  7  o'clock,  then  remain  constant  until 
about  8  or  9  o'clock,  or  jKJssibly  decline  slightly  between  these  two  times;  it  will  then 
drop  to  a  fraction  of  its  former  value  until  5  o'clock  in  the  afternoon,  with  only  a 
slight  increase  at  noon;  from  5  to  7  p.  m.  the  demand  will  be  about  the  same  as  in 
the  corresponding  period  in  the  morning,  and  then  will  drop  again  to  about  the  aver- 
age for  the  day,  or  a  little  lower,  with  possibly  a  slight  increase  at  11  p.  m.,  if  the 
theater  attendance  happens  to  be  heavy,  stopping  entirely  from  midnight  till  5  a.  m. 
The  demands  for  heavy  power  naturally  come  at  the  times  when  the  most  people 
are  using  the  cars  going  to  and  from  their  work,  and  the  demand  at  these  times,  or 
the  ''peak  load,"  as  it  is  called,  may  amount  to  two  or  three  or  four  times  the  aver- 
age demand  for  the  rest  of  the  day.  NaturaUy  the  company  must  provide  generating 
capacity  sufficient  to  take  care  of  this  peak  load,  and  two-thirds  or  three-fourths  of 
the  capacity  of  the  plant  will  lie  idle  for  18  to  20  hours  a  day. 

If  this  were  a  steam  plant,  running  full  capacity  24  hours  a  day,  the  cost  of 
operating  the  plant  could  be  divided  roughly  into  two  equal  parts.  One  part  covers 
the  interest  on  investment,  depreciation,  some  of  the  labor  and  repairs,  and  all  the 
other  items  generally  known  as  ''fixed"  or  "overhead"  chaiges,  and  is  the  same 
whether  the  machinery  is  running  or  not.  The  other  part  covers  the  cost  of  fuel, 
oil,  operating  labor,  etc.,  and  is  roughly  proportionate  to  the  amount  of  power  being 
used.  Even  though  the  average  demand  on  the  plant  is  only  one-third  or  one-fourth 
the  total  capacity  of  the  plant,  yet  it  must  carry  the  total  overhead  charges  for  the 
entire  plant,  for  the  power  must  be  supplied  for  transportation  charges,  whether 
the  plant  is  operating  at  100  per  cent  of  capacity  or  at  10  per  cent  of  capacity. 

This  available  capacity  of  off-peak  power  can  then  be  made  available  at  merely 
the  proportionate  cost  of  generating  so  much  power,  without  carrying  any  overhead 
chaiges  whatever.  That  is,  the  off-peak  power  will  cost  only  one-half  as  much  as 
the  regular  transportation  power,  and  the  electrochemical  manu^turer  who  can 
make  the  demands  of  his  process  fit  in  with  the  off-peak  periods  can  reap  the  benefit 
of  this  low  cost,  for  the  generating  company  can  sell  this  power  practically  at  cost 
and  still  come  out  ahead  on  the  additional  economy  made  possible  by  running  the 
plant  at  full  capacity  all  the  time. 

If  the  power  is  hydroelectric  instead  of  steam-generated  the  difference  is  still 
more  pronounced,  for  with  hydroelectric  power  the  overhead  charges  make  up  almost 
the  entire  cost  of  production,  so  that  the  cost  of  the  actual  power  demand  increases 
almost  in  the  proportion  that  the  full  capacity  of  the  plant  is  not  used,  and  the  cost 
of  the  off-peak  power  decreases  in  the  same  proportion. 

More  and  more  advantage  is  being  taken  of  these  conditions  by  operators  of  electro- 
chemical processes,  and  it  is  along  this  line  that  one  of  the  big  possibilities  for  future 
development  is  to  be  found. 

Up  to  the  present  there  has  been  practically  no  development  in  Latin-American 
countriee  along  strictly  electrochemical  lines,  what  little  progress  has  been  made 
being  along  electrometallurgical  lines,  particularly  in  the  electrometallurgy  of  copper. 
The  conditions  controlling  the  two  fields,  even  though  they  are  related,  are  quite 
different,  and  it  will  probably  be  some  time  before  these  countries  see  much  in  the 
way  of  electrochemical  development,  but  it  should  come  in  time,  when  the  various 
controlling  conditions  are  properly  met.  One  of  the  chief  factors  at  present  is  the 
development  of  electric  power  for  general  purposes,  and  when  that  reaches  the  proper 
stage  there  is  no  reason  why  the  i^oper  electrochemical  industries  should  not  follow 
it,  just  as  they  have  done  in  this  country  and  in  Europe. 


Digitized  by  VjOOQIC 


196       PROCEEDINGS  SECOND  PAN  AMERICAN  SCIENTIFIC   CONGRESS. 

BIBUOORAFHT. 

(1)  Applied  Electrochemistry,  Allmand. 

(2)  Metalluigical  and  Chendcal  Engineering,  formerly  The  Electrochemical  In- 
dustry. 

(3)  Transactions  of  the  American  Electrochemical  Society. 

(4)  Mineral  Industry. 

The  CHAiRBfAN.  In  view  of  the  fact  that  Prof.  Roush  has  been  limi- 
ted in  time  in  the  presentation  of  his  paper,  I  shall  ask  him  to  state 
briefly  one  or  more  points  of  main  interest. 

Mr.  RousH.  I  think  if  I  wanted  to  call  attention  to  any  one  point 
it  would  be  to  dwell  for  a  moment  on  this  use  of  power  in  small  units. 
The  b^inning  of  electrochemical  work  in  these  South  American 
coimtries  necessarily  follows  the  general  application  of  electricity. 
Even  though  you  have  the  water  power,  you  can  not  put  in  a  big 
plant  and  absorb  that  electrical  energy  entirely  as  an  electrochemical 
industry,  imless  you  have  a  market  for  the  material  that  is  going  to 
be  produced.  The  creation  of  a  market  for  a  large  amount  of 
material  is  going  to  take  time,  and  the  absorption  of  that  material 
will  be  slow  until  a  wide  market  has  been  built  up.  That  means  that 
possibly  the  better  opportunity  will  be  opened  up  if  we  follow  a 
gradual  development  in  small  imits.  This  idea  is  being  developed 
properly  in  this  country  in  the  last  few  years  by  the  absorption  of  what 
is  known  as  the  oflF-peak  power.  Take  the  supply  of  the  lighting  and 
transportation  power  for  a  city,  for  example.  It  will  take  a  large 
amount  of  current  in  the  early  morning,  from  six  to  nine,  we  will  say, 
uid  then  from  nine  until  about  12  the  power  consiunption  will  be  com- 
paratively very  small.  At  12  there  will  be  a  slight  increase,  and  in  the 
afternoon  it  will  drop  again.  From  5  to  8  o'clock,  especially  around 
7  o'clock,  there  will  be  another  increase  in  the  use  of  power.  Then 
that  will  drop  off  again  with  another  slight  increase  about  11  or  12 
o'clock,  or  about  the  time  the  theaters  are  letting  out.  You  will 
have  then  a  necessity  for  furnishing  three  times  in  the  day,  in 
periods  of  a  couple  of  hours,  power  to  the  extent  of  from  three  to 
five  times  the  amount  that  will  be  needed  during  the  other  18  hours 
of  the  day.  Now,  if  you  have  to  furnish  20,000  horsepower  for  six 
or  seven  hours  a  day,  you  have  got  to  have  a  plant,  generators, 
and  everything  to  correspond  to  that,  and  that  means  that  for  three- 
quarters  of  the  time  15,000  out  of  20,000  horsepower  is  going  to  lie 
idle. 

It  is  an  ideal  use  of  this  kind  of  power  to  get  hold  of  some  intermit- 
tent electrochemical  process  that  can  be  run  for  certain  periods  of  the 
day  and  then  go  down  to  a  lower  capacity  for  the  periods  of  heavy 
consumption.  In  that  way  the  plant  will  give  you  the  utilization  of 
your  entire  power  all  the  time.  If  you  are  going  to  need  20,000  horse- 
power six  hours  a  day  and  5,000  horsepower  for  18  hours  in  the  day, 
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the  entire  cost  of  the  capital  installation,  interest  on  inrestment,  and 
everything  of  that  kind  must  be  borne  by  the  transportation  side  of 
the  proposition.  That  leaves  only  the  running  expenses  as  a  charge 
on  Uiis  off-peak  power,  which  means  that  this  off-peak  power  wiU  be 
available  at  approximately  half  the  cost  that  ordinary  power  is  avail- 
able, while  if  it  is  water-generated  power,  hydroelectric  power,  it 
will  be  even  a  smaller  proportion  than  that.  A  plant  of  this  kind 
can  afford  to  sell  this  kind  of  power  at  bare  cost  in  order  to  keep  the 
plant  running  all  the  time  at  a  uniform  rate. 

The  CHAmnAN.  We  will  now  have  a  paper  by  Mr.  Rome  G. 
Brown,  of  Minneapolis,  Minn.,  on  the  subject  of  ''Laws  and  regu- 
lations r^arding  the  use  of  water  in  Pan  American  countries." 


LAWS  AND  REGULATIONS  REGARDING  THE  USE  OF  WATER  IN   PAN 
AMERICAN  COUNTRIES. 

By  ROME  G.BROWN, 
Mmneapolis,  Minn. 

SCOPB  OF  THIS  DISCUSSION. 

The  proper  utilization  of  the  natural  reeources  of  the  Pan  American  countries  is 
of  the  greatest  importance  to  their  internal  development,  as  well  as  to  their  industrial 
and  political  relations  with  each  other.  Of  all  such  natural  resources  there  are  none 
which  constitute  so  valuable  a  gift  of  nature,  and  which  are  so  essentially  a  potential 
source  of  commercial  and  industrial  growth,  as  the  uses  of  water  which  are  there  every- 
where available. 

Mineral  deposits,  whether  in  the  form  of  coal,  iron,  nitrates,  or  other  minerals,  are 
limited  in  quantity,  comparatively  hidden  as  to  their  location,  and,  from  their  very 
nature,  being  not  susceptible  of  renewal,  they  are,  therefore,  exhaustible.  Timber 
resources,  although  renewed  by  nature,  are  nevertheless,  in  one  sense  of  the  word, 
limited  and  exhaustible. 

Water  reeources,  on  the  other  hand,  are  the  constantly  disclosed,  ever  avaUable, 
and  continuously  renewed  sources  of  nature's  bounty  to  man.  Whether  it  be  the  small 
creek  flowing  through  an  upland  farm,  barely  suppl3ring  to  the  owner,  family  and 
stock,  and  to  his  limited  acres  of  tillage  the  needs  which  his  own  private  uses  require, 
or  a  great  continental  stream,  bearing  upon  its  waters  the  commerce  between  inland 
ports  and  the  sea  and  fed  by  its  upper  mountain  reaches  wasting  their  latent  energies 
through  imhameesed  falls—the  fresh-water  streams  of  these  countries  are  ever  present, 
ever  renewed,  and,  therefore,  inexhaustible  resources  for  industrial  supremacy. 

From  the  national  viewpoint,  the  three  great  uses  to  which  such  streams  are  sus- 
ceptible are  those  of  navigation,  irrigation,  and  water  power.  It  is  the  latter,  the 
development  of  water  power,  with  which  this  paper  is  primarily  concerned. 

Water  power,  whether  developed  or  undeveloped,  denotes  energy.  It  is,  there- 
fore, a  part  of  the  many  phases  of  energy  which  comprise  the  possible  and  actual  life 
and  success  of  the  country  within  which  it  is  located.  With  every  t$Jl  of  water  in  a 
natural  stream,  whether  it  be  the  sluggish  current  in  a  deep-water  iMsin  or  the  cataract 
from  the  mountain  heights,  is  constantly  exerted  the  eneigy  which  is  denoted  by  the 
product  of  the  actual  weight  of  the  falling  water  and  the  number  of  feet-seconds  through 
which  that  quantity  passes  from  a  higher  to  a  lower  elevation.  That  energy,  in.other 
words,  is  the  number  of  foot-pounds  per  second  of  the  falling  water.  We  bum  a  ton 
68436— 17— TOL  VI 14 
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of  coal  for  the  purpoee  of  developing  and  utilizing  the  latent  eneigy  Btared  in  the  coal, 
and  ve  find  that  by  such  process  we  obtain  from  a  ton  of  coal  the  equivalent  of  the  use 
of  about  one  horsepower  of  energy  for  the  period  of  one  month.  This,  again,  is  equiv- 
alent to  the  use  of  about  one  kilowatt  of  energy  for  about  three  weeks.  That  eneigy 
is  developed  by  the  mere  burning  of  the  coal.  If,  as  so  developed,  it  is  utilized,  it 
drives  turbines  for  manufactures,  or  heats  homes  and  workshops,  or  helps  to  turn 
darkness  into  light.  If  it  is  not  utilized,  it  is  forever  wasted  and  becomes  a  part  of 
the  great  useless  wastes  of  nature  which  can  never  be  recouped.  The  enex:gy  of  the 
waterfall,  however,  is  not  latent.  That  energy  is  a  part  of  the  constantly  acting  force 
of  gravitation.    It  is  ever  present  and  imless  utilized  is  forever  wasted. 

Conservation,  therefore,  of  the  natural  resources  of  a  cotmtry  demands  the  greatest 
and  most  immediate  prevention  of  this  constantly  wasting  energy  from  imdeveloped 
water  powers  and  of  the  quickest  and  most  extensive  utilization  which  can  possibly 
be  made  consistently  with  proper  protection  of  the  interests  of  individuals  and  of  the 
public  at  large. 

Formerly  the  principal  reason  for  the  retardation  of  this  utilization  of  the  wasting 
energies  of  water  power  was  the  lack  of  means  of  transmission  for  use  in  localities  at  a 
distance  from  the  source  of  power.  But  the  progress  in  recent  years  in  electrical 
science  has  made  commercially  feasible  the  use  of  immense  water-power  facilities 
which  theretofore  were  running  to  waste.  Nevertheless,  there  is  not  a  country  in  all 
America  where  the  commercial  demands  for  water-power  development  are  not  to  a 
large  extent  unfulfilled,  and  where  immense  numbers  of  kilowatts  of  water-power 
eneigy  are  not  wasting. 

The  cause  of  this  uneconomic  waste  in  all  countries  is,  that  legislation  for  the 
regulation  and  use  of  water  resources,  instead  of  promoting  their  use,  has  become  an 
obstacle  to  their  use.  Legislation  has  not  kept  pace  with  the  progress  in  the  science 
of  water-power  development  and  use. 

It  is,  therefore,  the  main  scope  of  this  paper  to  summarize,  with  reference  to  the 
uses  of  water,  and  particularly  of  water  powers,  the  laws  and  regulations  existing 
under  public  authority  in  the  Pan  American  countries  and  especially  to  note  certain 
ways  in  which  such  laws  are  obstacles  to  that  utilization  of  these  resources  which 
would  otherwise  be  made  as  well  as  to  suggest  possible  remedies  in  such  legislation. 

GENERAL  SOURCES  OF  THE  LAW. 

In  most  Pan  American  coimtriee,  with  the  exception  of  the  United  States,  the 
sources  of  the  law  of  water  rights  are,  as  other  phases  of  their  laws,  Spanish  law.  The 
fundamental  principles  of  the  Spanish  law,  as  applied  in  these  countries,  was  further 
confirmed  or  modified  by  the  introduction  into  their  colonial  law  of  certain  principles 
of  the  French  law.  Further  modifications  have  been  caused  by  local  and  partial 
recognition  and  adoption  of  principles  of  law  which  are  more  peculiarly  those  of  the 
United  States,  where  the  law  of  waters  is  generally  founded  upon  that  of  the  English 
law.  But  in  the  United  States  wide  modifications  from  the  English  law  have  been 
made  to  suit  the  physical  conditions  peculiar  to  our  country  and  not  characteristic  of 
the  mother  country  to  which  the  English  law  was  adapted. 

First,  then,  as  to  these  original  sources: 

Spanish  law. — ^The  groundwork  of  the  Spanish-American  legal  system  was  inherited 
from  Spain,  and  in  fact  the  Spanish  law  was  in  force  in  Spanish  America  (subject 
only  to  such  modifications  as  were  introduced  by  the  special  laws  or  decrees  promul- 
gated for  the  Colonies)  until  the  independence.  It  continued  in  force  in  the  various 
countries  until  modified  by  new  statutory  enactments,  which  chiefly  took  the  form 
of  codes,  modeled  largely  on  the  Napoleonic  Codes.  A  word  or  two  as  to  the  old 
Spanish  law  may  therefore  serve  as  a  fitting  introduction. 

The  Siete  Partidas,  the  great  medieval  code,  whose  principles  still  permeate  Spanish 
or  Spanish-American  jurisprudence,  divide  '* things"  into  common  things  (comunes). 
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those  belonging  to  private  persons,  and  tkoee  consecrated  to  the  service  of  God  (Par- 
tida  3,  title  28,  Law  2).  There  was  a  curious  subdivision  iA  common  things  into  (a) 
those  common  to  all  living  creatures,  viz,  the  air,  rain  waters,  the  sea  and  its  shores 
(id.,  Law  3);  (b)  those  common  to  all  mankind,  viz,  rivers,  ports,  and  highways 
(id..  Law  6);  and  (c)  the  common  property  of  cities  and  towns  to  be  used  only  by  the 
inhabitants  thereof.  This  included  fountains  which  played  such  a  prominent  part 
in  Spanish  life  (id.,  Laws  9  and  10).  Law  6  just  cited  is  especially  interesting.  It 
provided,  following  the  Roman  law,  that  rivers  are  common  to  all  men,  to  strangers 
as  well  as  to  the  load  inhabitants,  and  that  regardless  of  the  ownership  of  the  adjacent 
land,  all  mankind  can  use  the  banks  for  mooring,  fishing,  displaying  and  selling  mer- 
chandise, and  similar  uses.  It  was  provided  (Law  8)  that  no  mill  or  structure  of  any 
kind  could  be  set  up  in  a  navigable  river  or  on  its  banks,  or  canal  built,  for  the  reason 
that  it  might  interfere  with  the  common  use  of  mankind;  f<»r,  says  the  law,  it  would 
not  be  a  meet  thing  that  the  common  benefit  of  all  mankind  should  be  disturbed  for 
the  benefit  of  one;  but  ancient  structxires  were  not  to  be  torn  down  so  long  as  they  did 
not  disturb  the  common  use. 

Other  passages,  however,  in  the^  Partidas  are  interesting  as  showing  that,  in  spite  ol 
the  declaration  above  cited  that  rivers  and  rain  water  were  common  either  to  all  living 
creatures  or  to  all  mankind;  private  rights  in  waters  were  recognized,  but  some  rivers 
w^e  deemed  to  be  the  property  of  the  King.  Law  18,  title  32,  Third  Partida,  pre- 
scribed  that  one  could  erect  a  mill  and  use  the  same  water  as  was  used  by  a  previously 
existing  mill;  that  this  could  be  done  either  (a)  on  one's  own  land  or  (6)  on  the  land 
of  a  river  belonging  to  the  King,  under  a  le^rant  from  the  King,  or  (c)  on  town  lands, 
under  grant  from  the  town  council  (concejo),^  always  provided,  in  all  cases,  that  the 
earlier  mill  was  not  deprived  of  its  customary  water.  Law  19,  title  15,  provided  that 
the  ownership,  use,  and  enjoyment  of  waters  which  rose  and  died  within  the  confines 
of  one  estate  belonged  to  the  owner  of  the  land.  This  last  principle  has,  I  believe, 
been  maintained  in  nearly  all  the  Spanish-American  countries. 

Vhe  law  of  the  Siete  Partidas  as  to  servitudes  has  had  an  important  influence  on  the 
later  jurisprudence.  They  closely  followed  in  this  respect  the  Institutes  of  Justinian. 
It  is  sufficient  for  our  present  purpose  to  call  attention  to  the  fact  that  the  servitude 
€i  aqueduct  was  recognized;  that  is,  the  right  to  conduct  water  through  the  servient 
tenement  for  the  benefit  of  the  dominant  tenement  tar  use  in  mills  or  for  irrigation 
(Partida  3,  title  31,  Law  4).  The*  right  could  be  extended  also  to  cover  the  original 
taking  d  water  from  the  servient  tenement,  in  which  case  the  owner  of  the  latter 
could  not  grant  a  similar  right  to  a  third  party,  without  the  consent  of  the  owner  of 
the  dominant  tenement,  unless  the  water  was  abundant  enough  to  suffice  for  all 
(id.,  Law  5).  On  the  other  hand,  the  beneficiary  of  the  servitude,  once  the  water 
had  come  on  his  land,  could  grant  it  to  neighb<»B  for  irrigation  (id..  Law  12).  These 
servitudes  could  be  gained  by  prescription  (id..  Law  15).  Other  laws  of  the  Partidas 
prescribe  the  rights  and  duties  arising  by  reason  of  a  sovitude  of  aqueduct,  and  arising 
out  of  the  use  as  between  up])er  and  lower  owners  of  flowing  waters  (id .,  title  32,  Iaw 
15).  This  servitude  d  aqueduct  appears  to  have  been  a  voluntary  servitude  only, 
that  is,  created  by  voluntary  act  of  the  parties;  but  it  seems  to  be  the  lawful  parent 
d  the  modem  servitude,  by  operation  of  the  law,  in  case  of  necessity,  which  is  such 
an  important  and  beneficial  feature  of  the  modem  Spanish-American  law. 

The  laws  early  prohibited  throwing  substances  into  rivers  injurious  to  fish;  regu- 
lated the  methods  and  prescribed  seasons  for  river  fishing,  prohibiting,  inter  alia, 
the  diversion  of  the  stream  (year  1435;  Laws  9  and  10,  title  8,  book  7,  Recopilacion; 
Laws  8  and  9,  title  30,  book  7,  Novisima  Recopilacion). 

By  a  law  of  King  Enrique  III  (Law  2,  title  10,  book  7  of  the  Recopilacion;  Law  7, 
title  26,  book  7  of  the  Novisima  Recopilacion)  any  council  or  private  individual  was 

1  The  famoiu  oommentator  Gregorio  Lopec  qQeriea  whether  this  he  pemiissihle  in  the  case  of  navigable 
ri'vere. 
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prohibited  from  closing  canals  and  rivers  to  fishing  and  navigation,  or  interfering  there- 
with for  other  uses,  even  for  town  uses,  except  under  a  special  privilege  from  the  King. 

This  is  important  to  show  that  the  King  claimed,  and  exercised,  a  paramount  ri^t 
to  grant  special  franchises  in  connection  with  navigable  rivers  and  to  the  detriment 
of  the  public  or  common  right  of  navigation. 

At  the  epoch  just  prior  to  the  independence  of  the  colonies,  the  public  rights  were 
again  coming  to  the  front.  In  a  royal  order  at  1795  (Law  16,  title  30,  book  7,  Novisima 
Recopilacion),  it  was  recognised  as  the  existing  law,  that  the  right  to  fish  in  riven  was 
as  free  and  general  as  the  right  of  navigation,  and  consequently  that  there  could  be  no 
exclusive  private  rights  to  fish  therein,  except  by  special  royal  privilege,  or  an  im- 
memorial user  which  presumed  a  royal  privil^e.  The  existence  of  these  private 
rights,  whatever  their  origin,  was  recognised,  but  it  was  declared  that  they  could  not 
be  used  to  the  disturbance  of  navigation  or  of  ^e  public  ri^t  to  fish  in  other  places; 
and  hence,  weirs  crossing  riven  were  prohibited. 

The  mining  industry  was  also  one  of  the  chief  influences  in  Spain  to  shape  the  law 
of  waten,  and  especially  to  counteract  any  undue  tendency  to  the  sanctification  at 
private  riparian  rights.  Important  mining  ordinances  were  promulgated  in  1584  by 
miilip  II  (incorporated  as  Law  4,  title  18,  book  9,  Novisima  Recopilacion).  They 
permitted  water  to  be  freely  taken  for  necessary  mining  purposes,  from  riven  Mid 
arroyos  as  weU  as  other  sources,  at  such  places  as  was  most  advantageous  to  the  minera 
(par.  47) .  If  the  mining  op^ations  could  not  otherwiBe  be  carried  on  without  damage 
to  towns  or  ranches,  the  water  had  to  be  drawn  into  reservoin  and  not  permitted  to 
flow  back  into  the  river,  and  the  expense  of  additional  structures,  at  couiee,  had  to  be 
borne  by  the  minen.    They  could  obtain  by  condemnation  the  necessary  sites.' 

Colonial  law.— The  colonial  private  law  in  general  followed  the  Spanish  law,  but  it 
must  be  remembered  that  the  Indies  were  looked  upon  largely  as  the  appanage  and 
private  property  d  the  Crown.  It  is  stated  '  that  the  King  of  Spain  always  reserved 
the  dominion  of  riven  in  America  (S<dorzano,  Politica  Indiana,  chap.  11,  book  6>c 
On  the  other  hand,  the  laws  ol  the  Indies  (Recopilacion  de  Indias,  Law  5,  title  i7, 
book  4)  declared  that  forests,  natural  pastures  and  waten  not  granted  to  private  parties 
are  things  common  to  all.  But  it  was  customary  tar  the  King  to  include  the  riven  in 
large  grants  made  for  him,  and  private  ownenhip  of  riven  and  other  waten  was 
recognized  in  many  royal  decrees  (e.  g..  Mining  Ordinances  of  New  Spain,  title  19, 
art.  9). 

The  industrial  needs  of  the  sparsely  populated  colonies  did  not  render  imperative 
any  clear  demarcaticm  of  water  rights.  The  confusion  that  existed  in  the  colonial 
law  on  the  subject  has  to  a  large  extent  survived  in  spite  of,  or  peihaps  in  several 
instances  because  of,  the  modem  codes.  As  these  were  based  on  the  French  codes, 
new  elements  of  confusion  were  introduced;  and  it  is  only  in  very  recent  yean  that 
the  law  has  made  any  marked  progress  toward  the  solution  of  the  puzzling  questions 
left  open  by  the  codes,  in  contradistinction  to  the  large  arbitrary  powen  of  granting 
special  concessions  exercised  by  dictat(»ia]  governments. 

These  different  European  soiuces  of  our  American  law  of  waten  should  be  kept  in 
mind  in  making  any  statement  of  the  law  of  Pan  American  countries,  and  particularly 
in  making  any  comparison  between  the  laws  of  these  various  countries.  In  the 
United  States  there  is  the  greatest  actual  development,  and  also  the  greatest  waste  of 
water  resources.  There  is  also  in  that  country  the  greatest  amount  of  law  and  legis- 
lation with  reference  to  water  rights,  and  at  the  same  time  the  greatest  lack  of  con- 
sistency or  sanity  in  such  legislation. 

At  the  outset,  then,  we  shall  discuss  the  situation  in  the  United  States. 

>  A  traoalation  of  the  more  modem  Spanish  law  as  giren  by  Escriche  is  to  be  found  in  Wiel  on  Water 
Rights  (3  ed.),  pp.  061-964. 
s  Velex  Sarafield's  notes  to  art.  2340,  Argentine  Civl]  Code. 
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Approximately  stated,^  the  potential  water-power  resources  in  the  United  States 
are  150,000,000  kilowatts.  Of  this  quantity,  20,000,000  kilowatts  of  water  power  are  so 
situated  as  to  be  resonably  feasible  of  development;  that  is,  in  case  only  reasonable 
legislative  conditions  were  imposed  upcm  the  investor.  Of  this  latter  number  of 
kilowatts  only  about  one-fifth  are  actually  developed  and  used,  and  the  other  four- 
fifths  are  running  to  waste.  Seventy-five  per  cent  of  this  wasting  water  power  eneigy 
is  located  upon  navigable  streams,  and  is,  therefore,  either  directly  or  indirectly  sub- 
ject to  Federal  legislation.  The  remaining  25  per  cent,  or  about  4,000,000  kilowatts, 
is  located  upon  the  smaller  streams  in  the  several  States  and  is  subject  directly  to 
State  regulation.  This  immense  waste  is,  therefore,  due,  primarily,  to  deficiencies  in 
Federal  legislation  and,  to  a  great  extent  also,  to  defects  in  State  legislation. 

In  the  United  States  the  Federal  Government  is  one  of  express,  limited  powers.  It 
has  only  the  powers  of  legislation  which  are  expressly  imposed  by  the  Federal  Consti- 
tution, aU  other  powers  of  legislation  and  of  control  being  expressly  reserved  to  the 
sevexal  States.  The  only  power  thus  given  to  the  Federal  Government,  which  even 
indirectly  touches  the  subject  of  water  rights,  including  water  powers,  la  that  which 
gives  to  the  Congress  the  power  to  ''regulate  commerce*'  between  the  States.  It  is 
held  that  the  power  to  regulate  commerce  includes  the  power  to  regulate  the  highways 
of  commerce  for  the  protection  of  navigation;  and  that,  therefore,  the  Federal  contiol 
of  interstate  commerce  extends  to  the  regulation  and  control,  for  the  protection  of 
navigation,  of  all  the  navigable  streams  of  the  coxmtry .  It  is  also  held  that  it  is  within 
that  power  of  control  to  prohibit  the  construction  of  dams  or  other  structures  across 
or  upon  the  beds  of  such  navigable  streams,  except  by  the  consent  of  Congress  and 
under  a  permit  containing  such  restrictions,  established  by  the  Secretary  of  War  and 
the  Chief  of  his  Engineers,  so  far  as  shall  be  deemed  necessary  to  make  llie  structures 
reasonably  consistent  with,  or  not  unreasonably  obstructive  of,  navigation.  Regula- 
tion statutes  have  been  enacted  by  the  Congress,  ostensibly  for  such  purpose  of  navi- 
gation, but  so  framed  that  in  fact  they  are  unreasonably  and  imnecesenrily  preventive 
of  water-power  development.^ 

FEDERAL  LEGISLATION. 

The  present  retardation  throu£^  Federal  legislation  and  its  possible  remedies  involve 
three  classes  of  Federal  control  of  water  powers. 

tWater  powen  on  the  public  domain,— The  ''public  domain"  comprises  those  various 
tracts  of  land,  mostly  situated  in  the  far  Western  States,  owned  by  the  Federal  Gov- 
ernment under  a  title  which  is  proprietary  in  its  nature,  as  distinguished  from  a  purely 
sovereign  right  of  control  or  regulation  for  a  particular  public  interest.  Such  lands 
include  those  which  are  known  as  the  forest  reserves.  Connected  with  this  same  class 
are  water  iwwers  which  are  neither  on  nor  a  part  of  the  public  domain,  but  the  utiliza- 
tion of  which,  either  for  flowage,  transmission  lines,  or  other  purposes,  requires  some 
use,  small  or  large,  of  lands  which  are  a  part  of  the  public  domain. 

In  order  to  develop  water  powers  which  are  a  part  of  the  public  domain  the  investor 
must  first  obtain  a  permit  from  that  department  of  the  Govenunent  having  jurisdic- 
ticxn  of  the  land  in  question— generally  either  the  Department  of  Agriculture  or  that 
of  the  Interior.  The  permit  must  cover  the  right  to  construct  and  maintain  and 
operate  the  dam,  power  plant,  and  transmission  lines.    But  such  permit  is  revocable 

^  R«port  U.  S.  Commissioner  of  Corporat^ns,  Mar.  14,  1912;  also  Senate  Document  274,  62d  Cong.,  3d 
WW.,  pp.  11-14, 211,  273;  also  "Water-power  resources  of  the  U.  8.,"  by  U.  O.  Leighton-ttaii  Congress. 

*  Act  of  Uar.  3, 18M,  sec.  0, 30  U.  8. 8tat.  L.,  1121;  act  of  June  31, 1906, 84  U.  8.  Stat.  L.,  336;  act  of  June 
33*  1910, 36  U.  S.  Stat.  L.,  503  (the  Dam  Acts). 

Act  of  Feb.  26, 1897,  29  U.  S.  Stat.  L.,  599;  act  of  June  4, 1897,  30  U.  S.  Stat.  L.,  34-36;  act  of  Feb.  15, 
1901, 31 U.  8.  Stat.  L.,  790;  act  of  Feb.  1, 1905, 33  U.  8.  Stat.  L.,  628;  act  of  June  25, 1910, 36  U.  8.  Stat.  L. 
M7  (publi(Hlomain  acts). 
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at  the  will  of  the  department  by  which  it  ia  granted,  and  is  subject  to  such  conditions 
as  that  department  may  impose,  not  only  when  the  permit  is  granted,  but  subse- 
quently thereto.  Indeed,  the  p^mit,  under  certain  circumstances,  may  be  auto- 
matically revoked,  as  by  entry  by  a  third  p^son  under  the  homestead  or  mining 
laws.*  This  imlimited  power  to  make  conditions  in  the  permit  and  to  change  the 
same,  allows  the  head  of  the  department  to  exact  pecuniary  burdens  and  tributes, 
the  amount  of  which,  from  time  to  time,  depends  upcm  the  discretion  of  such  ofScial. 
He  has  not  power  to  grant  a  permit  for  any  term  which  would,  for  any  length  of  time, 
give  stability  to  investment,  nor  the  power  to  make  the  terms  and  conditions  thereof 
free  from  imlimited  imcertainties.  Private  capital  has  halted  before  such  unbusiness- 
like conditions.  As  against  over  5,000,000  kilowatts  of  water  power  subject  to  public- 
domain  law  which  are  now  capable  of  commercial  development,  less  than  one-tenth  of 
that  amount  has  been  developed. 

But  these  prohibitive  rules  do  not  alone  apply  to  the  water  powers  which  are  them- 
selves a  part  of  the  public  domain.  There  are  many  millions  of  kilowatts  of  develop- 
able water  power  so  located  that  their  development  or  operation  requires  some  use  of 
some  portion  of  the  public  domain,  either  for  power  plants  or  transmission  lines. 
Under  the  present  laws  such  incidental  use,  however  small,  of  any  part  of  the  public 
domain  is  subject  to  permits  from  Government  officials,  always  revocable  at  will  and 
subject  to  conditions,  and  changes  in  conditions,  at  the  discretion  of  the  official  grant- 
ing the  permit.  This  extends  the  features  of  uncertain  tenure  and  of  indefinite  and 
changeable  conditions  to  such  an  extent  that  the  development  of  this  class  of  water 
powers  has  been  for  years,  and  still  is,  at  a  standstill. 

Water  powers  on  navigable  streams. — Next,  are  the  water  powers  upon  navigable 
streams  outside  the  public  domain .  The  power  of  control  by  the  Federal  Government 
over  these  arises  solely  from  its  limited  constitutional  power  to  regulate  commerce.  • 
This  is  in  no  sense  a  proprietary  right  or  interest.  It  is  merely  a  limited  sovereign 
right  of  control  for  the  particular  purpose  specified.  Subject  only  to  that  limited 
paramount  right,  all  rights  of  r^:ulation  and  proprietary  rights  to  the  use  and  benefit 
of  water  powers  belong  to  the  States  and  their  citizens,  the  rule  of  property  rights 
being  fixed  by  the  law  of  the  respective  States. 

The  act  of  March  3,  1899,  already  cited,  provides,  consistently  with  the  constitu- 
tional power  of  the  Congress  to  regulate  conmierce,  that  no  obstruction ,  including  water- 
power  dams,  shall  be  constructed  in  the  bed  of  a  navigable  stream  without  the  consent 
of  the  Congress.  This  prohibition  and  the  reserved  power  of  consent  are  logically 
retained  for  the  sole  purpose  of  protecting  the  present  and  future  uses  of  streams  lor 
navigation.  The  consent  provided  had,  imtil  1906,  in  accordance  with  the  statute 
of  1899  and  previous  similar  statutes,  been  granted  in  each  case  by  a  special  act  of  the 
Congress.  Each  such  statutory  consent  contained  such  provisions  as  might  be  agreed 
upon  between  the  Congress  and  the  private  investor  who  was  the  grantee  under  the 
consent.  These  different  special  acts  vary  in  the  nature  of  their  conditions,  but 
imder  most  of  them  construction  has  been  made  and  vested  rights  thereby  acquired. 
Nevertheless,  the  legislative  tendency  to  disr^ard  private  property  rights  and  invest- 
ments made  in  good  faith,  is  shown  by  the  claim  now  asserted  by  many,  that  the 
general  power  of  repeal  or  amendment  reserved  in  those  special  acts  makes  such 
investments  lawfully  subject  to  any  further  burdens  or  conditions  which  the  Congress 
shall  at  any  time  arbitrarily  impose. 

This  claim  originated,  not  only  in  the  increasing  tendency  of  legislators  to  disregard 
the  equitable  as  well  as  the  legal  right  of  investments  alr^dy  made,  but  also  in  the 
growing  preval^ice  of  that  class  of  agitators,  who  falsely  pretend  to  represent  the 
cause  of  conservation.  Disregarding  the  constitutional  limitations  of  water-power 
legislation,  they  aigue  that,  as  water  powers  upon  navigable  streams  can  be  lawfuUy 
developed  only  after  consent  by  the  Congress,  therefore  the  Congress  may  attach  to 

1  Acts  of  Feb.  a6»  1S07,  June  4, 1897,  FeK  16, 1901,  and  Feb.  1, 1906. 
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such  ccmsent  any  o(uiditioii8  wMch  it  chooeee  to  eotabliah—tl^ 

«Dy  buidmiB  upon  the  investor  or  reserve  *ny  right  of  tribute  or  other  advantage  to 
the  Government— all  as  conditions  to  its  consent.  What  the  Constitution  does  not 
permit  directly,  indeed  that  which  it  prohibits,  they  would  accomplish  by  indirec* 
tion.  They  urge  legislation  by  which  the  advantages  of  water-power  use  and  the 
revenues  therefrom  shall  be  turned,  either  from  the  States  in  which  they  were  located 
or  from  the  individuals  having  property  rights  therein,  to  the  General  Grovemment  as 
representing  the  people  at  large. 

The  advocacy  of  this  theory  of  conservation,  and  the  contest  over  its  application  in 
legislative  form,  have  been,  more  than  anything  else,  the  cause  of  the  lack,  in  the 
United  States,  of  proi>er  legislation  fen*  water-power  development.  It  was  intended, 
by  the  acts  of  June  21, 1906,  and  of  June  23, 1910,  to  establi^  the  statutory  conditions 
for  any  consent  by  the  Congress  so  that  afterwards  the  terms  of  those  acts  should  become 
part  of  any  consent  granted.  It  was  the  fallacious  theory  of  conservation  already 
suggested  that  made  those  acts  prohibitive,  instead  of  promotive,  of  privato  invest- 
ments. It  is  also  the  same  pseudo-conservationists  who  are  urging  still  further  legis- 
lative restrictions  and  burdens  upon  investments,  and  who  are  now  harrassing  the 
legislators  and  the  present  administration  at  Washington  in  their  earnest  attempts  to 
eaact  legislation  which  shall  remove  the  present  legislative  obstacles  to  privato 
investments. 

By  these  acts  of  1906  and  1910  the  term  of  the  consent  can  not  exceed  50  years, 
and  at  the  end  of  that  time  the  investor  has  no  rights.  More  than  that,  even  before  the 
expiration  of  the  50  years  the  consent  may  at  any  time  be  arbitrarily  revoked  without 
a  return  to  the  investor  of  more  than  a  part  of  his  necessary  investment.  The  investor, 
therefore,  must,  in  addition  to  what  would  othowise  be  fair  service  charges,  make  his 
charges  for  service  to  his  consumers  sufficient,  within  that  period,  to  pay  back  to  him 
the  entire  cost  of  his  investment .  No  consideration  is  taken  of  the  fact  that  the  investor 
might  have  to  wait  5  or  10  years,  or  more,  to  build  up  a  market  which  would  amsume 
the  products  of  the  full  capacity  of  his  plant.  By  the  increased  service  chaiges  im- 
posed he  can  not  in  many  localities  meet  the  competition  with  steam  power,  which, 
in  many  places,  at  the  present  cost  of  steam  power,  is  very  close.  Indeed,  in  some 
places  the  advantage  is  in  favor  of  steam  power.  In  addition  to  this,  the  same  acts 
reserve  to  the  War  Department  of  the  Government  the  power  to  impose  conditions  as 
a  part  of  the  permit  to  be  issued  by  that  department  imder  the  consent  given  by  the 
Congress,  and  also  to  change  such  conditions,  according  to  discretion.  There  is  no 
fixed  limit  to  such  possible  conditions  and  burdens,  thus  making  the  basis  of  the 
permit  and  the  conditinos  to  be  fulfilled  vague  and  tmcertain. 

These  acts  and  the  poUcy  therein  announced  have  been  so  prohibitive  of  investment 
that  investors,  almost  without  exception,  have  refused  to  apply  for  or  to  accept  uiy 
permits  under  them.  Their  prohibitive  effect  upon  investment,  and  therefore  upon 
the  development  of  wator  powers,  has  been  demonstrated  by  experience.  Reports 
of  the  Congress,  by  those  who  have  investigated  the  question  officially  and  otherwise, 
are  recognized ,  by  all  who  really  seek  a  businesslike  solution  of  the  problem,  aa  proving 
the  insufficiencies  of  the  existing  law.^ 

The  present  Congress  is  now  struggling  with  this  question.  Those  who  appreciate 
the  situation  are  seeking  to  remove  the  present  legislative  obstacles  sufficiently  to 
offer  businesslike  terms  and  conditions  for  privato  investment.  They  would  nrnke  the 
conditions  of  the  Government  permit  sufficiently  broad  to  admit  of  the  preservation 
of  all  present  and  future  navigation  interests.  They  would,  however,  make  all 
conditions  and  all  burdens  upon  the  investor  as  specific  and  definito  as  possible,  in 
order  that  the  investor  may  know  in  advance  the  extent  of  his  necessary  idtimate 

1  Report  National  Waterways  Commisaion,  Senate  document  4d9, 62d  Cong.,  2d  sess.,  p.  54.  For  a  most 
fllnmlnating  discussion  of  these  questions,  see  ''Water  CkKiservation  by  Storage,''  Chaps.  I-V,  by  Prof. 
Oeorge  F.  Swain,  Yale  University  Press,  1916. 
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investment.  They  would  make  the  term  of  the  permit  indeterminate,  and  revokable 
only  for  cauee,  or  renewable  at  its  termination  upon  reasonable  terms,  thereby  aswiring 
the  reasonable  stability  of  investment  and  avoiding  the  necessity  of  excessive  charges 
upon  consumers.  The  question  of  rates  to  consumen,  it  is  prc^fMsed,  shall  be  left  to 
the  commissions  of  the  reQ>ective  States.  The  public  interests  are  to  be  protected  by 
ample  provision  for  revocation  proceedings  in  case  of  default  by  a  grantee  in  the 
performance  of  the  c<»Mlitioiis  imposed. 

Whether  such  remedial  l^slation  shall  be  enacted  depends  upon  the  extent  to 
which  the  peeudodonservationists,  above  referred  to,  shall  be  able  to  exert  their 
influence  against  the  measures  now  under  consideration.  These  obstructionists  are 
conducting  an  organized  campaign  for  the  purpose  of  creating  prejudice  in  the  minds 
of  the  gentfal  public  and  in  the  minds  of  the  members  of  the  Congress  against  these 
constructive  and  remedial  measures.  In  the  meantime  the  leading  members  of  the 
Congress,  most  of  whom  have  informed  themselves  bn  the  question,  are  working, 
irrespective  of  party  politics,  to  join  with  the  present  administration  in  an  attempt  to 
have  enacted  the  cmly  legidation  which  will  remove  the  present  l^ialative  obstacles 
to  water-power  development. 

Water  pawen  tit  OovemmetU  navigatum  dam$, — ^There  is  a  third  class  of  water  powers, 
not  included  in  the  two  foregoing,  which  are  also  under  Federal  omtrcd,  which  control, 
however,  rests  upon  a  basis  different  from  that  of  the  other  two.  The  Federal  Govern- 
ment sometimes,  at  its  own  expense,  builds  and  operates  navigation  dams  for  Uie 
general  use  of  the  public.  At  such  dams  the  water  which  is  not  necessarily  used  for 
navigation  affords,  under  the  head  and  fall  of  the  navigation  dam,  a  developed  water 
pow^.  Such  water  power  is  incidental.  The  Government,  however,  having  acquired 
the  ripian  rights  tor  its  navigation  iminrovements,  thereby  becomes  proprietor  oi  such 
incidental  water  power.  The  scope  of  its  proprietary  interest  depends  upon  the 
extent  to  which  it  has  acquired  the  riparian  rights;  for  to  mxda.  rights,  as  we  have  seen, 
the  proprietary  interest  attaches.  It  also  depends,  of  course,  upon  the  ext^t  to 
which  the  law  of  the  State  in  which  the  dam  is  located  vests  in  the  riparian  owner 
the  property  right  to  the  use  of  water  power  incident  to  lus  land. 

When  the  Government  has  acquired  all  the  riparian  rights  to  which  the  water  powers 
are  incident  and  has  at  its  own  expense  c<mstnicted  a  navigation  dam,  then  the  water 
power  incidentally  developed  thereby  is  rightfully  considered  to  belong  to  the  Govern- 
ment and  may  be  granted,  leased,  or  sold  by  the  (xovemment  as  by  any  other  proprietor. 

But  in  many  instances  the  physical  conditions  are  such  that  the  developm^it  of 
water  power  alone  would  be  so  expensive  that  it  would  not  yield  fair  returns  upon  the 
investment.  At  the  same  time  improvement  for  navigation  at  Government  expense 
might  be  too  costly,  either  as  a  navigation  or  a  water  power  improvement,  or  both. 
In  such  instances  the  public  interests  would  best  be  served  by  a  cooperation  between 
the  Government,  in  the  interests  of  navigation,  and  the  private  investor  for  the 
purpose  of  water-power  utilization.  This  class  of  cases  is  met  by  the  policy  <^  a  co- 
operative agreement  by  which  the  private  investor  fiunishes  such  part  of  the  necessary 
investment  as  he  can  economically  furnish,  and  the  balance  is  furnished  by  the  Govern- 
ment; thereby  both  navigation  improvement  and  the  development  of  water  powers 
are  procured.  "Hie  terms  of  such  agreements  vary  according  to  the  different  conditions 
in  each  case.  This  statement  applies  to  those  dams  which  from  the  Gov^imient 
viewpoint  are  primarily  navigation  dams,  as  to  the  construction  and  operatkni  of 
which  special  agreements  are  necessary. 

Where  a  water-power  dam  in  a  navigable  stream  is  constructed  by  private  capital 
under  (Government  consent,  the  policy  of  the  past,  as  well  as  of  the  proposed  legislation, 
contemplates  that  to  the  extent  which  is  consistent  with  a  fair  capital  investment  and 
a  fair  return  thereon  the  private  investor  shall  construct,  maintain,  and  operate,  free 
of  expense  to  the  Government,  navigation  facilities  as  a  part  of  and  in  connection  with 
his  water-power  development.  This  burden  is  deemed  to  be  imposed  as  within  the 
power  of  control  in  the  interests  of  navigation. 
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Subject  to  the  paramount  control  of  the  Federal  Government  to  protect  navigation, 
as  ahesAy  defined,  the  control  of  water  powers  upon  all  streams,  navigable  or  unnavi- 
gable,  belongs  to  the  States  within  which  the  water  powers  are  located.  This  applies 
to  all  the  original  States  and  to  States  since  admitted  to  the  Union,  and  as  between  the 
State  and  individiials  the  proprietary  interest  and  its  character  and  extent  are  de- 
termined by  the  law  of  property  rights  as  established  in  the  respective  States.'  In 
accordance  with  these  principles,  bo  definitely  fixed,  the  Congress  has  expressly 
recognized  by  Federal  statute  the  controlling  efficacy  of  local  property  laws  and  customs 
with  regard  to  water  rights  existing  in  those  States  where  the  common  law  has  been 
either  repudiated  or  modified,  and  has  in  statutory  terms  cozifirmed  the  rule  established 
by  the  decisions  just  cited  from  the  Federal  Supreme  Court.' 

Accordingly,  in  order  to  determine  the  law  of  property  rights  of  the  individual  as 
against  the  State,  or  of  either  or  both  as  against  the  Federal  Government,  and  therefore 
todetermine  the  rule  by  which  the  Federal  Government  itself  and  its  courts  are  bound« 
we  have  to  resort  to  the  law  as  established  by  the  respective  States.  So  it  is  that  in 
Arizona,  Colorado,  Idaho,  New  Mexico,  Nevada,  Utah,  and  Wyoming  the  so-called 
"Colorado  doctrine"  governs,  whereby  the  common  law  of  riparian  ownership  and 
control  of  water  powers  is  repudiated  and  the  law  of  control  by  the  State  prevails. 
State  statutes  allowing  and  regulating  appropriation  of  waters  for  power  and  other 
pivate  uses  with  preference  in  the  order  of  actual  appropriaticm.'  In  others  of  the 
far  western  States  there  prevails  the  "California  doctrine,*'  by  which  the  common 
law  of  riparian  rights  governs,  modified  only  by  appropriation  rights  vested  before  the 
riparian  lands  passed  to  private  ownership.  This  is  the  rule  in  California,  Kansas, 
Montana,  North  Dakota,  Oklahoma,  South  Dakota,  and  other  States,^ 

In  the  States  lying  east  of  or  bordering  upon  the  Missiasippi  River  the  common  law 
rule  of  riparian  rights  generally  prevails.  In  these  States,  to  the  extent  that  the 
common  law  of  riparian  rights  has  been  retained,  the  right  to  the  beneficial  use  of  the 
water  power  appurtenant  to  riparian  land  is  a  part  and  parcel  of  the  land  and  belongp 
to  the  riparian  owner.  The  State  has  no  right  of  owner^p  or  control  in  a  proprietary 
sense.  Its  rights  are  confined  to  that  of  a  sovereign  power  of  control  for  the  public 
use  of  navigation.  All  proprietary  interests  belong  to  the  riparian  and  extend  to  all 
beneficial  uses  of  the  water  power,  including  the  revenues  therefrom.*  The  dis- 
tinction as  to  navigable  streams  that  in  some  States  the  riparian  title  extends  only  to 
high-water  mark  with  the  limited  sovereign  title  in  the  bed  and  waters,  and  that  in 
other  States  the  riparian  title  extends  to  the  middle  of  the  stream,  subject  to  the 
sovereign  control  for  navigation,  is,  for  practical  purposes,  merely  speculative.* 
The  rule  is  the  same  whether  the  stream  be  intrastate,  interstate,  or  an  international 
boundary.^ 

These  rights,  reserved  to  and  established  in  the  States,  and  these  property  rights  of 
beneficial  use,  fixed  by  the  law  of  the  States  in  the  riparian,  are  subject  only  to  the 
paramount  control  of  Uie  Federal  Government  for  the  definite  and  specific  purpose  of 
protecting  navigation.    The  authority  of  the  Congress  is  limited  to  the  prevention  of 

1  St.  AnthoDy  Falls  Water  Power  Co.  v.  Water  CommisMoners  168  U.  S.,  868,  and  caaes  cited  in  opinion. 

<  Act  of  July  26, 1866, 14  U.  8.  Stat.  L.,  353,  and  other  Federal  statutes  above  dted;  also  act  of  Mar.  8, 
1891,  repeal  of  timber  culture  laws;  and  act  of  June  4, 1897,  the  Forest  Service. 

t  Lend  &  Canal  Co.  v.  Ditch  Co.,  18  Colo.,  1;  Kansas  r.  Colorado,  206  U.  S.,46;  Boquillas  Co.  r.  Curtis,  218 
U.  8.,  339;  United  States  v.  Rio  Grande  Co.,  174  U.  S.,  706. 

«  Lax  t.  Haggin,  69  CAl.,  366;  Bigelow  v.  Draper,  6  N.  Dak.,  158;  Starr  v.  Beck,  6  Dak.,  71, 188  U.  &.,  641. 

» St.  Anthony  Falls  Water  Power  Co.  v.  Water  Commissioners,  168  U.  8.,  358,  dting  the  property  law  of 
Hinneeotft,  which  is  substantially  that  of  all  riparian  right  States. 

•  Unioi  Depot  Co.  v.  Brunswick,  31  Minn.,  397;  Lamprey  v.  State,  52  Minn.,  181;  Hobart  v.  Hall,  174 
Fed.,  433,  afld.  186  Fed.,  436. 

7  United  States  v.  Chandler-Dunbar  Co.,  309  U.  S.,  447;  Niagara  County  v.  CoUege  Heights  Co.,  Ill  N.  Y. 
App.  Wv.,  770;  People  v.  Smith,  70  N.  Y.  App.  Div.,  543,  afld.  175  N.  Y.,  409. 
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any  unreasonable  interference  with  navigaticm. '  Although  the  interests  of  navigation 
are  paramount^  the  sovereign  right  of  the  Government,  national  or  State,  to  control  of 
protect  for  this  or  other  public  use,  while  a  conflicting  interest,  is  not  inconsistent  with 
the  exercise  of  the  private  right.  Each  must  have  regard  for  the  other,  but  the  private 
light  persists  up  to  the  point  where  its  exercise  becomes  an  unreasonable  interference 
with  the  public  right.  Both  rights  are  limited,  but  the  exercise  of  the  limited  public 
right  can  not  be  used  as  a  means  of  extinguishing  or  appropriating  the  private  right.' 

Each  State,  subject  to  the  exercise  of  the  Federal  power  of  control,  which  has  been 
defined,  has  all  the  rights  of  control  over  all  the  streams,  or  parts  of  streams,  both 
navigable  and  unnavigable,  which  are  located  within  the  State,  and  over  the  water 
powers  therein.  This  does  not  mean  that  each  State  may  by  legislation  make  water 
powers  within  its  borders  the  source  of  direct  advantage  or  revenue  to  the  State  itself. 
Each  State  and  its  legislature  are  bound  by  the  law  of  property  rights  with  respect  to 
water  powers  which  has  become  established  in  that  State  and  under  which  vested 
property  rights  have  been  acquired.  This  makes  the  jurisdiction  of  the  States  over 
water  powers  somewhat  varying.  Generally  speaking,  in  any  State  where  the  law  of 
public  ownership  and  control  of  water  powers  has  been  established  as  a  property  law  of 
the  State,  a  statute  based  upon  such  public  ownership  and  control  and  having  regard 
for  the  particular  property  rights  there  established,  would  be  a  constitutional  and  en- 
forcible  statute.  In  such  States  individual  water  rights  are  seciured  under  laws  regu- 
lating appropriation  permits  and  in  various  ways  controlling  and  limiting  the  right  of 
private  iise.  Such  States  are  those  among  the  States  west  of  the  Mississippi  in  which 
the  property  law  of  riparian  ownership  either  has  never  been  established  or  has  been 
establi^ed  only  in  a  modified  form. 

But  the  rule  is  different  in  those  States  which,  as  I  have  said,  lie  generally  along,  or 
east  of,  the  Mississippi  River,  and  in  which -the  law  of  riparian  rights,  both  upon  navi- 
gable and  unnavigable  streams,  has  been  established  as  a  property  right.  In  such 
States  a  statute  would  be  unconstitutional  if  based  upon  the  theory  that  water  powers 
are  a  resource  belonging  to  the  entire  State,  or  that  the  advantages  and  revenues  from 
developed  water  powers  belong  primarily  to  the  entire  State.  It  would  be  declared 
by  the  courts  invalid,  as  confiscatory  of  vested  private  riparian  property  rights.  "It 
should  be  kept  in  mind  that  the  vested  property  rights  referred  to  are  not  confined 
merely  to  the  right  of  advantage  in  water  powers  actually  developed.  The  right  of 
development,  that  is,  the  right  of  the  use,  of  water  rights  which  are  appurtenant  to 
riparian  land,  whether  the  water  powers  are  developed  or  not,  is  itself  an  incident  to 
the  real  estate.  As  the  books  say,  it  is  a  right  belonging  to  the  ripariain  land  jurse 
naturse.  Under  our  law  the  only  dlfiference,  as  between  navigable  streams  and  un- 
navigable streams,  is,  that  this  property  right  is  subject,  in  the  case  of  navigable 
streams,  to  the  exercise  of  the  paramount  Federal  control  for  the  specified  purpose  of 
protecting  navigation  interests. 

In  the  formulation  of  State  water-power  legislation  these  distinctions  are  often 
overlooked.  Some  States  have  formed  commissions  to  control  water  powers  under 
statutes  which  view  the  public  right  of  ownership  and  control  too  broadly,  and  which 
in  effect  restrict  the  vested  rights  of  riparian  owners  to  the  point  of  confiscation.  The 
extent  to  which  such  statutes  may  be  enforced  must  yet  be  determined  by  the  courts. 

In  some  States  the  courts  have  already  declared  against  such  attempts  at  confisca- 
tion. The  Legislature  of  Wisconsin  passed  a  statute  two  years  ago  which  was  based 
upon  the  theory  of  State  ownership  and  control  of  water  powers,  and  which,  in  sub- 
stance, attempted  to  repudiate  the  law  of  riparian  ownership.    The  supreme  court 

1  Union  Bridge  Co.  v.  United  States,  204  U.  8.,  399. 

•  State  ex  rel.  Wausan  Street  R.  Ck>.  v.  Bancroft,  l48  >^s.,  124;  Crookston  Co.  v.  Sprague,  91  Minn. ,  461. 
On  this  and  other  points  see  "Limitations  of  Federal  Control  of  Water  Powers,"  by  Rome  Q.  Brontn, 
8.  Doo.  No.  721,  62d  Cong.,  2d  aess. 
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of  Wiaconsm  promptly  declared  that  statute  invalid  on  the  ground  that  it  infringed 
the  established  private  property  rights  belonging  to  riparian  land.^ 

It  may  be  said,  however,  that  the  several  States  are  anxious  to  have  their  respective 
water-power  resources  developed  and  used;  and  that,  if  water-power  legislation  were 
confined  to  that  of  the  States,  there  would  have  been  no  lack  of  progress  such  as  now 
exists  in  the  United  States  in  regard  to  water-poww  development.  The  present 
demand  is  for  large  power  sites  instead  of  for  small  ones  such  as  are  found  upon  the 
email,  unnavigable  streams.  The  demand  is  for  the  opening  up  of  the  water  powers 
upon  the  large  ''navigable  rivers"  of  the  country.  This  does  not  mean  alone  those 
rivers  which  are  at  present  actually  navigable.  The  term  is  held  to  include  all  rivers, 
and  those  parts  of  rivers,  which  are  reasonably  capable  of  artificial  improvement  for 
commercial  navigation .  Therefore,  it  includes  those  streams  upon  which  substantially 
all  of  the  large  water  powers  of  the  country  are  located.  State  legislation  can  never 
open  up  these  water  powers  to  use  until  Federal  legislation  shall  be  so  adjusted  that 
private  capital  may  feel  reasonably  safe  in  making  investments  in  such  water-power 
developments. 

Water-power  capital  in  the  United  States  is  now  waiting  for  the  removal  of  the 
Federal  legislative  obstacles  which  are  prohibitive  of  investment.  Until  they  are 
removed  the  great  water  powers  of  the  United  States  will  continue  to  waste.  Mean- 
while the  industrial  development  which  would  thereby  be  built  up  in  our  country  is 
being  driven  to  foreign  countries,  where  a  less  suicidal  legislative  policy  is  retained. 

It  would  not  be  consistent  with  the  limited  scope  of  this  paper  to  summarize  the 
laws  of  each  and  every  Pan  American  country  upon  the  subject  of  water  rights.  There 
next  follows  a  summary  of  the  law  of  those  countries  which  may  be  taken  as  fairly 
typical.' 

WATER  POWER  IN   SOUTH  AMERICA. 

Before  taking  up  the  law  regulating  water  rights  and  water-power  development  in 
different  Spanish-American  countries  it  is  interesting  to  note,  as  stated  by  Mr.  Lewis 
R.  Freeman,'  a  leading  American  hydraulic  engineer  and  authority  on  water-power 
development,  that  "South  America,  while  affording  magnificent  water-power  possi- 
bilities, is  more  sparingly  supplied  with  oil  and  coal  than  any  other  of  the  great  con- ' 
tinental  land  bodies  of  the  world,  with  the  possible  exception  of  Africa."  This  South- 
em  American  continent  is,  taken  as  a  whole,  designated  as  ''an  especially  favor- 
able field  for  hydroelectrical  endeavor.  **  The  general  scarcity  of  fuel  makes  power  of 
all  descriptions  very  expensive.  This  part  of  the  world  is  favored  with  the  natural 
fuel  resources  of  coal  and  oil  to  only  a  comparatively  insignificant  degree.  The  most 
important  coal  mines  on  that  continent,  situated  in  southern  Chile,  afford  only  suffi- 
cient fuel  to  supply  the  demands  of  coasting  steamers  and  railways.  Almost  all  of 
the  coal  used  in  South  America  is  imported  from  abroad.  The  production  of  liquid 
fuel  in  the  form  of  natural  oil  is  practically  limited  to  northern  Peru  and  one  district 
in  southeastern  Argentina.  On  the  other  hand,  the  three  prime  essentials  in  the 
generation  of  energy  from  water  power — fall,  volume,  and  continuity  Of  supply — are 
found  in  almost  every  part  of  South  America;  the  pampas  country  and  the  rainless 
district  of  northern  Chile  being  among  the  few  exceptions.  The  finest  opportunities 
for  water-power  development  in  the  world,  so  far  as  physical  conditions  are  concerned, 
are  on  the  slopes  of  the  Cordilleras  of  the  Andes  in  Peru,  Bolivia,  and  Ecuador,  where 

1  state  ex  rel.  Waasau  Street  Railway  v.  Bancroft,  148  Wis.,  124. 

*  The  writer  desires  here  to  express  his  obligations  to  Phanor  J.  Eder,  Esq.,  60  Wall  Street,  New  York 
City,  who  is  an  expert  in  the  law  of  Spanish-American  countries.  Mr.  Eder  has  kindly  rendered  great 
aa^tance  in  preparing  the  statement  of  Spanish  law  above  given,  and  of  the  laws  of  various  countries 
shown  in  the  Appendix,  and  here  summarized. 

*  What  is  said  here  about  the  physical  conditions  with  reference  to  water-power  development  in  the 
South  American  oonntrtee is  taken  largely  from  the  statements  of  Mr.  Freeman  in  his  discussion  of  "Hydro* 
Electric  Operations  in  South  America,''  published  in  Vol.  XXXVn,  Na  5^  of  November,  1913,  of  the 
Bulletin  of  the  Pan  Amcrigan  Unioiu 
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the  waterfoUfl,  caacttdeB,  and  tonential  rapids  of  the  river  moat,  abundantly  supplied 
by  the  moisture-laden  clouds  Irom  the  Amazon  Valley  dissolving  in  rain  upon  the 
cold  slopes  of  the  lofty  Andes,  pour  their  burden  of  eneigy  down  to  the  sea. 

Chile  is  stated,  by  Mr.  Freeman,  to  be  the  most  favorably  located  country  in  the 
world  for  an  easy  and  comparatively  inexpensive  hydroelectric  development,  the  only 
possible  exceptiicm  bdng  Switzerland  and  Kadunir.  The  densely  populated  country 
between  the  Cordilleras  and  the  coast  presents  water-power  possibilities,  for  practical 
commercial  development,  equal  to  those  ci  the  Alpine  country.  But  water-power 
development  has  been  slow;  although  some  installations  of  considerable  magnitude 
have  been  put  in  operation.  The  undeveloped  commercial  opportunities  for  the 
profitable  generation  and  distribution  of  electrical  eneigy  from  water  power  are, 
economically  viewed,  in  mocking  contrast  with  the  losses  and  suff^ings  which  are 
continuously  endured  in  Chile  from  lack  ot  coal  and  oil  fuel. 

The  Laja  Bivw,  in  Chile,  is  the  Niagara  of  South  America,  having  a  flow  of  little 
less  than  that  of  the  Hudson  at  Albany,  and  with  falls  more  than  100  feet  high;  and 
the  river  is  ideal  for  economic  hydroelectric  installation.  In  southern  Chile  there  is 
more  undeveloped  water  power  than  could  be  used  for  deveral  decades.  The  great 
Choshuenco  River  has  a  fall  of  150  feet  at  one  point  and  presents  the  practical  oppor- 
tunity for  a  water  power  with  1,200  feet  &dl  developing  more  than  200,000  kilowatts* 

Tenx  has  more  natural  resources  for  fuel,  from  coal  and  oil,  than  other  South  Amer- 
ican countries;  but,  for  lack  of  transportation  facilities,  the  price  of  such  fuel  is  gen- 
erally prohibitive.  The  practical  opportunities  for  water-power  development  in  that 
country  are  nearly  as  favorable  as  are  those  in  Chile;  and,  although  there  are  already 
in  Peru  hydroelectric  installations  developing  75,000  kilowatts,  further  develop- 
ments, yet  imattempted,  are  feasible  to  meet  the  present  unsupplied  demand. 

Comparatively  little  has  thus  far  been  accomplished  in  hydroelectric  development 
in  Bolivia,  Ecuador,  Colombia,  Venezuela,  and  Paraguay;  but  in  these  coimtriesthe 
retardation  of  development  is  due  largely  to  the  unfavorable  situation  ci  water  powers 
with  reference  to  populous  communities  creating  the  demand.  In  the  Argentino- 
XJruguayan  country  feasible  water-power  developments  are  afforded  by  the  great 
.  Mendoza  River  and  its  tributaries,  flowing  down  the  eastern  slepe  and  foothills  of  the 
Andes  to  the  Atlantic.  This  river  has  a  fall  of  9,000  feet  in  a  distance  of  100  miles 
and  presents  water-power  possibilities,  within  a  comparatively  short  distance  upon  a 
single  stream,  which  are  equaled  nowhere  in  North  America,  except  perhaps  in 
Alaska.  The  population  and  industries  of  the  surrounding  country  make,  within 
easy  transmitting  distance,  a  demand,  yet  unsupplied  of  over  200,000  kilowatts  of 
power,  which  is  far  less  than  the  capacity  of  the  Mendoza. 

The  greatest  center  of  population  in  South  America,  including  the  great  cities  of 
Buenos  Aires,  Montevideo,  La  Plata,  and  others  representing  nearly  3,000,000  inhab- 
itants, present  an  unlimited  market  for  power  from  the  streams  flowing  easterly  from 
the  Andes.  However,  intervening  hundreds  of  miles  of  pampas  between  the  Atlantic 
coast  and  the  foothills  of  the  Andes  present  limitations  of  transmission  which  are  at 
present  practically  impossible  to  overcome. 

In  British  Guiana,  on  the  Potaro  River,  a  branch  of  the  Essequebo,  is  the  highest 
fall  of  great  volume  in  the  world.  Here  the  river,  300  feet  wide,  drops  700  feet.  The 
immense  energy  from  this  great  cataract  is  wasting  until  further  increase  in  popula- 
tion and  in  industrial  development  shall  create  such  a  demand  for  the  power  ^at  the 
expense  of  the  long  transmission  lines  required  to  bring  the  wasting  eneigy  to  the 
market  shall  become  an  economic  possibility. 

But  physical  obstacles  and  the  lack  of  appreciation  of  the  opportunities  open  to 
commercial  development  are  not  the  caiise  in  these  southern  coimtries  of  the  waste 
of  water-power  energy,  the  utilization  of  which  is  already  conunercially  feasible.  As 
in  the  United  States,  the  first  requisite  for  the  promotion  of  water-power  develop- 
ment, and  therefore  for  the  prevention  of  waste  of  this  natural  resource,  is  encoui|ige- 
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ment,  by  legislation,  to  the  inveetor  who  muet  lurniah  the  capital  for  hydroelectric 
development.  The  haearde  incident  to  such  investment,  even  under  the  most  favor- 
able laws  and  regalati<ms,  are  very  great.  But  the  physical  hazards  may  be  overcome 
en  diminished.  Before  such  dangers  capital  does  not  show  timidity.  What  capital 
demands  in  such  investments  is  certainty  of  tenure,  and  security  from  confiscation, 
sufficient  to  warrant  dependance  upon  reasonable  returns.  Such  security  can  only  be 
afforded  by  laws,  which  at  the  same  time  that  they  protect  the  interests  of  the  public 
also  protect  the  investments  which  shall  be  made  in  furtherance  of  the  public  interest 
in  the  utilization  of  water-power  resources. 

In  none  of  the  countries  of  Spani^-America  are  the  laws  formulated  in  such  a  way 
as  to  attract  private  investment.  The  fact  that  there  are  already  such  investments 
only  indicates  the  certainty  of  much  greater  development  in  the  immediate  future  in 
case  unreasonable  legislative  hazards  to  investment  are  decreased  or  eliminated. 

WATER  RIGHTS  IN   SPANISH-AM BRICAN  COITNTRIES. 

In  this  part  of  the  pbper  tiiere  will  be  presented  only  a  running  summary  of  the 
status  of  the  law.  For  a  more  detailed  summary  reference  is  made  to  the  Appendix 
hereto,  which  has  been  kindly  prepared  for  me  by  Phanor  J.  Eder,  Esq.,  of  the  New 
York  bar. 

ABOENTINA. 

The  Federal  power  in  Ai^gentina  is,  as  in  the  United  States,  limited  to  the  power 
to  regulate  commerce,  and  that  is,  with  respect  to  streams,  to  regulate  and  protect 
navigation;  but  rivers  are  held  to  be  the  public  property  of  the  State.  Riparian 
owners  have  not  the  preference  due  to  the  location  of  their  riparian  land  which  is 
recognized  in  the  United  States.  The  uses  of  water  by  private  parties  are  regulated 
by  administrative  authority  under  rules  which  may  be  modified  or  repealed.  The 
enjoyment,  therefore,  of  the  use  of  waters  is  uncertain  and  the  rights  of  investors,  even 
under  authoritative  permits,  are  precarious.  Here  is  presented  a  defect  in  the  laws 
and  regulation  of  waters  quite  similar  to  those  defects  which  have  been  experienced 
in  the  United  States  widi  reference  not  only  to  water  powers  outside  the  public 
domain,  but  especially  as  to  those  within  the  public  domain.  National  control  of 
water  powers  seems  in  the  first  instance  to  have  sprung  from  the  right  of  national 
control  over  commerce,  and,  as  in  the  United  States,  by  construing  that  power  to 
include  control  over  navigation.  But  in  the  exercise  of  that  power  of  control,  as  also 
in  the  United  States,  it  seems  to  have  been  extended  to  the  assertion  of  a  power,  not 
merely  of  a  control  for  a  BX>ecified  purpose  and  to  the  limit  required  for  the  exercise 
of  the  limited  power,  but  of  an  owners^'p  by  the  State  in  the  beds  and  waters  them- 
selves of  streams,  both  navigable  and  unnavigable.  The  reservation  of  the  right  to 
change  the  conditions  of  investment,  which  are  made  by  one  who  receives  a  conces- 
sion from  the  Government,  tends  to  maintain  legislative  conditions  which  are  in  their 
very  nature  prohibitive  of  investment. 

CHILE. 

In  Chile  all  rivers  are  "national  property  of  public  use."  The  use  of  public  waters 
for  power  and  other  purposes  is  acquired  by  administrative  concession.  Each  con- 
cessionaire is  subject  to  the  local  or  general  ordinances  of  the  local  government,  with 
no  special  right  reserved  to  the  owners  of  riparian  land.  This  was  the  law  until  1907, 
when  a  special  statute  was  promulgated  covering  the  subject  of  the  *^  utilization  of 
running  waters  for  power."  Under  this  statute  the  riparian  owner  may  make  a 
reasonable  use,  that  is,  a  use  consistent  with  the  reasonable  enjoyment  by  others  of 
similar  rights,  of  the  waters  which  flow  through  or  over  his  land.  This  right  of  use, 
however,  even  imder  the  terms  of  this  law,  is  not  protected  by  constitutional  law 
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agaiiist  a  subeequent  law  which  may  have  the  effect  of  destroying  the  owner's  invest- 
ment. The  right  to  develop  water  power  must  nevertheless,  in  all  instances,  be 
subject  to  the  terms  of  a  concession  limiting  the  quantity  and  manner  of  use,  and 
subjecting  the  concessionaire  to  all  regulations  which  are  in  force  at  the  time  of  the 
concession,  or  which  may  thereafter  be  enacted. 

Here  again  any  prospective  investor  in  water-power  development  is  confronted 
with  imcertainty  as  to  his  tenure  and  as  to  the  burdens  to  which  his  investment  is  or 
shall  be  subjected. 

COLOMBIA. 

In  Colombia,  as  in  Chile,  the  ownership  of  the  waters  of  streams  is  generally  held 
to  be  in  the  State  for  public  use.  Rights  to  uses  of  water  for  power  and  other  private 
purposes  are,  upon  application,  obtained  from  the  Government,  and  the  use  of  such 
water-power  privileges  are  subject  to  changes  in  the  statutory  law  applicable  thereto. 
The  rights  of  riparian  owners,  known  to  the  English  and  American  common  law,  are 
in  the  first  instance  recognized,  but  often  their  use  is  subjected  to  restrictive  laws  and 
regulations,  present  or  prospective,  which  unduly  increase  the  burdens  of  investment. 

CUBA  AND  POETO  RICO. 

In  these  countries  the  rivers  and  their  natural  beds  are  made  part  of  the  public 
domain,  and  the  use  of  the  waters  thereof  must  be  obtained  by  private  persons  by 
administrative  concession,  unless  a  prescriptive  right  for  20  years  has  been  acquired. 
Riparian  owners  are  held  to  have  no  rights  except  such  as  have  been  duly  acquired 
under  concessions  legally  made,  or  by  prescriptive  use.  In  making  concessions  pref- 
erences are  observed,  first,  for  the  water  supply  of  towns;  second,  for  the  water  supply 
of  railways;  third,  for  irrigation;  fourth,  for  navigable  canals;  fifth,  for  mills,  butteries, 
etc.;  sixth,  for  fish  ponds  or  hatcheries.  In  the  exercise  of  the  power  of  eminent 
domain  inden?Jiity  is  provided  only  for  a  use  which  has  such  statutory  precedence. 
The  laws  of  Cuba  and  of  Porto  Rico,  with  reference  to  water  rights,  seem  upon  their 
face  to  be  more  protective  of  investment  than  those  of  any  of  the  countries  here  dis- 
cussed. The  laws  of  water  rights  have  been  codified,  and  present  a  fairly  reasonable 
certainty  as  to  the  terms  upon  which  the  investor  may  obtain  a  concession  and  operate 
under  it. 

URUGUAY. 

In  Uruguay,  the  general  rule  is  established,  that  waters  of  navigable  streams  are 
national  property  of  public  use,  and  the  use  of  the  waters  of  such  streams  for  water 
power  requires  special  authorization  from  the  Government.  In  the  case  of  nonnavi- 
gable  streams  the  riparian  owner  has  the  rights  which  are  usually  recognized  under  the 
English  and  American  law.  The  reservation  of  the  right  of  the  Government  to  issue 
permits  and  to  fix  the  terms  of  such  permits  is  not  sufficient  to  give  that  security  of 
investment  necessary  to  encourage  water-power  development;  for  the  terms  thereof 
are  subject  to  change,  and  insufficient  protection  is  afforded  against  changes  in  the 
conditions  of  the  authorization. > 

VENEZUELA. 

In  Venezuela,  while  rivers  are  made  part  of  the  public  domain,  nevertheless  the 
right  of  riparian  owners  to  utilize  their  beds  and  waters  for  industrial  purposes  is 
expressly  provided.  The  public  rights  of  navigation  are  made  paramount,  as  in  the 
United  States.  By  the  new  constitution  of  1914,  however,  there  is  reserved  to  the  Fed- 
eral Government  control  over  the  waters  of  navigable  streams;  and  water-power  de- 
velopments thereon  can  only  be  made  under  the  consent  and  approval  of  the  national 
Congress.  Such  a  situation  would  leave  water-power  investments  subject  to  the 
changing  legislation  of  the  national  Congress  or  of  the  authorities  to  whom  the  power 
of  that  Congress  might  be  delegated. 


>  Moreover,  the  busliieas  of  sopplying  electricity  to  the  public  for  light  aiKf  power  is  practically  a  Oovem- 
ment  monopoly,  under  a  statute  of  1912. 
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BBAZIL. 

The  M'ater-power  law  of  Brazil  is  Portuguese  rather  than  Spanish.  The  general  law 
of  water  rights  follows  that  of  Argentina.  The  Government  is  expressly  authorized  to 
foster  the  utilization  of  hydroelectric  power  for  transformation  into  electrical  energy, 
when  applied  to  "Federal "  services.  Any  excess  power  from  such  installations  may 
be  granted  to  private  investors  for  use  in  private  industries.  This  corresponds  to  the 
practice  in  the  United  States  of  a  construction  by  the  Government  of  navigation  dams, 
and  at  such  height  and  structiu^  as  to  afford  water  power  in  excess  of  that  required 
for  navigation  purposes;  and  the  leasing  of  such  excess  to  private  enterprises.  In 
Brazil,  however,  it  would  seem  that  "Federal"  service  is  not  limited  to  the  Federal 
promotion  of  navigation,  but  may  be  extended  to  the  Federal  control  and  use  of  water 
powers  as  such,  rather  than  as  incidental  to  navigation  improvements. 

MEXICO. 

The  laws  concerning  waters  and  water  rights  in  Mexico  are  siunmarized  quite  fully 
in  the  appendix.  Navigable  and  boundary  streams  are  viewed  as  highways,  and 
therefore  among  those  general  "ways  of  communication"  which  are  under  the  control 
and  regulation  of  the  Federal  Executive.  Concessions  for  the  utilization  of  waters 
under  such  federal  jurisdiction,  for  irrigation  or  for  power,  are  granted  by  the  Federal 
Executive  imder  conditions  as  to  structures  and  use  of  water,  including  rates— all 
largely  in  the  discretion  of  the  Executive.  Special  privileges  for  five  years  in  order 
to  encourage  investment  may  be  granted,  and  such  concessions  may  be  renewed  in 
the  discretion  of  the  Executive  and  upon  conditions  imposed  at  his  discretion  within 
certain  Umits.  All  usee  of  waters  in  such  streams  are  subject  to  the  paramount  usee 
of  navigation.  Even  under  a  stable  government,  and  with  all  revolutions  passed, 
the  uncertainties  to  investment  in  water-power  development  presented  by  the  peculi- 
arities of  the  Mexican  law,  would,  at  the  very  outset,  be  prohibitive.  The  terms  of 
concession,  by  which  the  rights  of  development  by  jnivate  capital  are  obtained,  are 
left  too  hugely  to  the  caprice  of  the  authorities  in  whose  hands  the  granting  lies. 
Moreover,  ^is  practice  makes  the  granting  of  the  concession,  its  original  terms  and 
chances  of  renewal,  too  much  subject  to  arbitrary  change  and  control.  The  lack  of 
security  vouchsafed  to  private  investment  in  water-power  development  in  Mexico  baa 
kept  such  investments,  to  a  large  extent,  out  of  that  country. 

CONCLUSION. 

It  is  apparent  that  the  conservation  of  water  resources,  through  the  utilization  of 
the  wasting  water  power  of  the  Pan  American  coimtries,  including  the  United  States, 
can  only  be  accomplished  }>y  the  adoption  of  a  legislative  policy  which  shall  invite 
jyrivate  investment  in  such  enterprises.  The  universal  fault  with  existing  policies  of 
legislation,  in  these  matters,  is,  that  the  prospective  investor,  asking  for  a  grant,  or 
concession,  or  permit,  is  viewed  as  one  asking,  for  his  own  private  benefit,  a  gift  from 
the  public.  The  theory  is  too  much  prevalent  that,  because  water  resources  are  a 
natimd  resoiurce  they  are,  for  that  very  reason,  a  purely  public  resource,  and  not  by 
nature  or  in  law  for  development  in  any  other  way  than  through  the  direct  supervision 
of  public  authorities  and  for  the  exclusive  and  direct  benefit  of  the  public  at  laige. 
But  water  powers  are  local  in  their  very  nature.  The  assertion  of  a  right  of  benefit, 
throu£^  direct  participation  by  the  general  public  in  the  proceeds  derived  from  the 
utilization  of  water  powers,  is  an  assertion  that  natural  water  powers  are  intended 
only  to  produce  for  the  public  treasury.  Such  a  view  of  water-power  resources  leads 
to  the  legislative  policy  of  imposing  by  statute  the  utmost  burdens  possible,  and  even 
impossible  burdens,  upon  private  investment.  Experience  has  demonstrated  that 
utilization  of  wasting  water  powers  can  not  be  accomplished  by  their  development 
by  the  public  authorities;  but  only  through  the  capital  of  private  investors.    Such 
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investors,  however,  ri^tly  demand  that  security  for  their  investment  idiich  shall 
afford  to  them  reasonable  protection  against  confiscation  and  loss  of  their  investment, 
and  against  failure  to  receive  fair  returns  thereon. 

There  are  millions  of  dollars  of  capital  in  the  hands  of  American  financiers  ready  for 
investment  in  water-power  developments,  not  only  in  the  United  States  but  in  all 
of  the  Fan  American  Republics,  but  which  are  withheld  from  such  investments 
because  of  the  financial  obstacles  presented  in  these  various  countries  throu^  an 
almost  universal  absence  of  a  legislative  policy  which  will  allow  such  investments 
to  be  made  with  reasonable  safety. 

APPENDIX. 

Summary  of  Laws  of  Watsrs  in  Arobntina,  Chilb,  Colombia,  Cuba,  and  Pobto 
Eico,  Uruquat,  Vbnbzubla,  Brazil,  and  Mexico.^ 

AROBNTINA. 

The  Argentine  is  a  Federal  Bepublic,  the  Provinces  corresponding  closely  to  the 
States  of  our  own  Union.  It  has  been  held  by  the  Supreme  Court  that  the  ownership 
of  navigable  rivers,  as  well  as  of  nonnavigable  waters,  is  in  the  separate  Provinces  and 
not  in  me  nation.  The  power  of  the  nation  thereover  is  limitea  to  the  regulation  of 
commerce  (i.  e.,  prinapally.  navigation)  and  other  constitutional  congressional 
attributes  (Port  of  Kosario  v.  Province  of  Sante  Fe,  vol.  Ill,  Reports  of  the  Supreme 
Court  of  the  Nation,  pp.  179, 197).  In  that  case  it  was  stated  that  there  is  no  differ* 
ence  between  the  fundamental  law  of  the  United  States  and  of  Argentina,  in  so  far 
as  the  own^diip  of  the  bed  of  navigable  rivers  is  concerned.  In  the  Federal  Terri- 
tories, ownership  of  the  rivers  is,  of  course,  in  the  nation. 

More  so  than  our  own  country,  Argentina  is  blessed  with  uniformity  of  substantive 
law;  Congress  has  power  to  enact  general  codes.  The  most  important' fundamental 
code  is  the  Civil  Code,  whidi  went  into  effect  in  1871 .  Its  provisions  are  very  different 
from  those  of  the  Roman  Law  and  of  prior  codes  which  declared  that  nonnavigable 
rivers  belong  to  tiie  riparian  owners.  This  code  on  the  contrary  is  far  reaching  to  the  ^ 
effect  that  ail  rivers  and  waters  flowing  in  natural  channels,  nonnavigable  as  well  as 
navigable,  are  public  property  of  the  State  (art.  2340).  Sudi  private  riparian  owner- 
ship as  may  have  existea  prior  to  the  code  therefore  ceased.  BeinR  in  the  class  of 
public  property,  riparian  owners  can  not  have  the  exclusive  use  oi  rivers  nor  any 
absolute  right  ot  property  over  them  (Matter  of  the  River  Los  Valles,  16  Reports  of 
the  National  Supreme  Court,  p.  258).  The  use  and  enjoyment  of  watercourses,  like 
the  use  and  enjoyment  of  other  public  property,  is  open  to  private  individuals^  subject 
to  the  provisions  of  the  Civil  Code  and  to  the  general  ordinances  on  the  subject  (art. 
2341,  Civil  Code).  *'In  view  of  articles  2340  (3)  and  2341,  there  can  be  no  doubt" 
says  Machado,'  **that  it  is  not  necessary  to  be  a  riparian  to  use  the  waters.  ♦  ♦  ♦  I 
do  not  believe  that  any  riparian  can  claim  any  special  privilese  over  the  waters  which 
are  of  public  use,  as  such  a  claim  would  imply  a  monopoly  of  the  very  water  which  has 
been  oeclared  to  be  of  public  use;  its  distrioution  should  not  be  in  the  hands  of  private 
parties.  *'  A  regulation  of  the  use  of  waters,  made  by  the  administrative  authorities 
of  a  municipality  pursuant  to  powers  vested  in  them,  which  deprives  each  riparian 
owner  in  part  of  the  increased  profits  he  could  derive  from  exclusive  use,  is  not  imcon- 
stitutional;  does  not  injure  a  vested  (perfecto)  right  (Matter  of  the  River  Los  Valles, 
supra).  Furthermore,  being  of  the  puolic  domain,  waters  flowing  in  natural  channels 
can  not  be  alienated  in  iriiole  or  in  part;  their  use  is  subordinated  to  the  rules  {xre- 
scribed  by  the  local  administration  or  police.  These  rules  are  subject  to  alteration 
and  can  be  repealed  or  modified,  according  to  the  public  needs  in  the  judgment  of 
the  administration;  hence,  the  enjoyment  thereof  is  precarious  and  can  not  constitute 
real  rights  in  favor  of  private  indiviauals  (30  S.  C.  N.,  p.  443.) 

Complete  ownership  of  waters  is,  however,  recognized  in  the  landowner,  as  to  rain 
waters  (art.  2637)  and  waters  that  rise  and  die  out  within  the  confines  of  a  single 
estate  (art.  2350)  and  also  as  to  springs,  notwithstanding  the  waters  therefrom  mav 
naturally  flow  onto  lower  land  of  other  proprietors,  but  if  they  are  the  principal  feed- 
ers of  rivers  or  are  needed  for  town  uses,  they  are  subject  to  condemnation  (art.  2637). 

Navigation  being  the  ]>rime  public  use  &t  rivers,  any  use  which  interieres  in  any 
way  whatsoever  with  navigation  at  free  passage  for  any  kind  of  water  transportation 

>  Prepared  for  this  paper  by  Phanor  J.  Edar,  Esq.,  of  the  New  Toil:  l)ar. 
*  Vol.  7,  p.  4S,  Commnitary  on  art.  9M2. 
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is  Drohibited  (art.  2641).  In  furtherance  of  the  public  r^ht  of  navigation  and  other 
public  rights  to  rivers,  the  Argentine  Code  places  a  limitation  on  the  right  of  the  adja- 
cent lanoowners  to  use  their  Lands:  A  strip  of  35  meters  '  in  width  must  be  left  clear 
on  the  banks  for  a  public  road,  and  the  landowners  can  not  build  thereon  or  otherwise 
occuj^y  it  nor  even  repair  ancient  structures  thereon  (art.  2639].  This  easement  had 
its  on^n  in  customs  established  during  the  colonial  era,  but  tne  customarv  width  of 
the  strip  was  enlarged  by  the  code  (E^ario  v.  Empresa  Comos,  111  S,  C.  N.,  p.  197, 
215).  It  would  seem,  however,  that  the  owners  are  constitutionally  entitled  to  com- 
pensation for  being  deprived  of  this  marginal  strip,  notwithstanding  a  contrary  impli- 
cation in  the  code.    (Rosario  v.  Ferrocimil,  C.  C.  A.  Supreme  Court,  1909.) 

The  railroad  law  (art.  6,  subd.  6)  also  provides  that  railway  bridges  ahsJl  not  be  con- 
structed 80  as  to  hinder  or  impede  navigation.  It  is  interesting  to  note  that  in  ^e 
case  of  the  arroyo  Ramallo  (Cfoudanne  v.  B.  A.  &  Rosario  R.  K.,  vol.  78,  Supreme 
National  .Court,  p.  100)  in  the  decision  as  to  what  constitutes  a  navigable  river  and  on 
the  subject  of  rights  by  reason  of  rivers  belonging  to*  the  public  domain,  there  were 
copious  references  to  the  law  of  the  United  States  and  the  decisions  of  our  own  Supremo 
Court.  It  was  there  stated  that  **by  virtue  of  its  constitutional  power  over  naviga- 
tion, the  National  Congress  can  authorize  works  which  constitute  a  Limitation  on,  or 
alter  the  conditions  of,  navigability  of  a  river  and  even  suppress  navigation  altogether 
bjr  permitting  the  erection  of  bridges:  The  States  have  not  such  power,  nor,  of  course, 
private  individuals."  The  dissenting  opinion  was  to  the  effect  that  while  Congress 
could  relate,  it  could  not  authorize  any  hindrance  to  navigation,  and  that  the 
United  States  precedents  were  inapplicable  because  of  the  Argentine  constitutional 

Srovision  that  the  navigation  of  the  inland  rivers  of  the  nation  shall  be  free  to  all 

The  riparian  owners  are  prohibited  by  the  code  (art.  2642)  without  a  special  con- 
cession from  the  authorities  from  changing  the  natural  course  of  waterways,  exploit- 
ing the  bed,  or  taking  the  waters  for  use  on  their  lands.  The  License  or  concession, 
in  the  case  of  navigable  rivers,  must  be  given  by  the  nation;  if  the  river  is  not  navi- 

fkble  then  by  the  Province,'  and  may  be  granted  to  others  than  riparian  owners, 
ut  even  the  license  of  the  nation,  Province,  or  municipality  will  not  authorize  a 
riparian  owner,  without  the  consent  of  the  other  riparian  owners,  to  dam  up  the  waters 
so  that  their  level  is  altered  beyond  the  confines  of  his  land  or  to  deprive  his  neighbors 
of  the  waters  (art.  2645). 

The  consent  of  the  raiparian  owners  is  not  necessary  in  order  merely  to  diminish  the 
volume  of  water,  unless  the  waters  that  flow  on  would  not  suffice  for  thc^  uses  to  which 
they  were  previously  put.  The  right  of  other  riparian  owners  appears  limited  by  said 
article  2645  to  not  being  deprived  of  the  waters;  but  Dr.  Machado  •  is  of  opinion  that 
any  alteration  in  the  force  of  the  current,  when  it  is  employed  for  power  in  industrial 
establishments  or  factories  is  likewise  under  the  ban  of  the  law. 

In  furtherance  of  the  purpose  to  nve  the  widest  possible  distribution  of  waters,  the 
Argentine  law  has  greatly  enlarged  the  compulsory  servitude  of  aqueduct  given  by 
operation  of  law.  This  servitude  is  granted  not  solely  for  irrigation,  but  for  industrial 
establishments;  water  can,  therefore,  be  brought  across  land  of  others  for  one's  pri- 
vate power  plants,  mills,  mines,  and  factories,^  as  well  as,  of  course,  for  public  uses. 
No  distinction  is  made  as  to  whether  the  waters  are  natural  or  artificially  collected  of 
as  to  the  mode  by  which  the  beneficiary  acquires  the  right  to  take  the  waters.  It  is 
applicable  as  well  to  waters  of  public  use,  such  as  those  of  navigable  rivers,  and  of 
nonnavigable  watercourses.  The  right  to  take  the  waters  is  different:  That  right  is  to 
be  granted  by  the  authorities  when  the  watercourse  is  under  their  supervision  or  by 
the  owner  of  privately  owned  waters.  What  has  to  be  proven  in  order  to  enforce  the 
servitude  is,  nrst,  the  right  to  dispose  of  the  waters  for  which  passage  is  claimed,  and, 
second,  that  they  are  necessary  for  the  cultivation  of  plantation,  etc.,  or  for  industrial 
enterprises  or  towns.*  Of  course  compensation  has  to  be  paid  to  the  owner  of  the 
land  across  which  the  aqueduct  is  built.*  When  this  servitude  is  given  by  operation 
of  the  law  *4t  is  invested  with  all  the  characteristics  arising  out  of  laws  of  public 
policy  and  it  is  not  subject  to  prescription  or  release,  and  any  contract  that  might  be 
made  to  impair  it  would  be  void."  ^ 

Of  special  laws  that  have  been  passed,  one  of  the  most  important  is  No.  6546  of  Sep- 
tember 28,  1909,  which  authorizes  irrigation  projects  in  a  great  many  provinces  and 

1  May  be  reduced  to  not  less  than  15  meters  in  cities  and  towns  (art.  2040). 

*  Compare  U.  S.  Statutes,  Act  of  Mar.  3, 1890, 30  St.  L..  1121. 
»Vol.7,p.4«. 

*  Art.  mi  C.  C:  7  Machado,  578  sfq. 
5  Art.  3083  C.  C:  7  Machado,  682. 

*  Arts.  3083,  3085. 
7  Machado,  758. 
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in  a  great  number  of  rivers.  The  Executive  power  ia  authorized  to  contract  for  the 
neceesary  works  for  the  utilization  of  the  waters,  and  also  for  the  development  of 
power;  the  power  plants  may  be  operated  directly  by  the  Gk)vemment  or  granted 
under  lease  for  reasonable  terms.  Full  rights  of  condemnation  are  given.  Another 
important  law  is  the  Rural  Code  for  the  National  Territories.  The  distribution  of 
waters  is  in  charge  of  an  agricultural  inspector  in  each  territory,  who  grants  concee- 
sions  for  the  use  of  waters  (art.  215).  Article  220  seq.  provide  for  the  annual  election 
of  a  "  judfi;e  of  waters^'  by  majority  vote  of  the  persons  benefited  by  the  local  irrigation 
works,  wno  is  to  decide  ex  aequo  et  bono  all  questions  arising  amongst  themselves 
with  an  appeal  to  the  inspector  general. 

CHILB. 

Making  allowance  for  the  fact  that  Chile  is  not  a  Federal  but  a  centralized  Bepublic, 
the  provisions  of  the  Chilean  Civil  Code  on  the  fundamental  bases  of  the  law  of  watera 
are  substantially  the  same  as  those  of  the  Argentine  Civil  Code  heretofore  cited.  In 
fact  many  of  Uie  provisions  of  the  Argentine  Code  cited  were  taken  directly  from  the 
Chilean  Code,  which  was  enacted  a  Rreat  many  years  earlier  Q855).  The  arrange- 
ment of  articles  and  the  phraseologv  differ.  For  instance,  article  595,  Chilean  Code, 
says  that  the  rivers  and  sol  waters  flowing  in  natural  channels  are  ^'  national  property 
of  public  use,'*  the  Argentine  Code  calli^  them  "public  property." 

Kunning  waters  in  artificial  channels,  on  the  otner  hand,  cease  to  be  common  te 
the  public,  and  belong  to  the  person  wno  has  by  his  labor  shut  them  in.  The  law 
protects  the  private  ownership  of  such  waters  and  punishes  whosoever  without  right 
uses  them.^ 

The  Civil  Code  evidently  contemplated  the  enactment  of  special  laws  on  waters  to 
amplify  its  own  scanty  provisions.  Few  such,  however,  have  been  passed^  say» 
Vera,  one  of  the  latest  general  commentators  on  the  code.'  He  calls  attention  to 
some;  from  his  work  we  extract  as  follows: 

Law  of  September  12,  1887,  on  municipalities  (art.  24)  makes  it  the  duty  of  the 
municipalities  to  attend  to  the  proper  administration  of  waters  for  drinking  and  other 
city  needs.  By  article  102  id.,  nvers  and  other  watercourses  of  common  use  are 
subject  to  the  action  of  the  municipalities  in  r^^d  to  the  laying  down  of  rules  for 
the  good  use  of  the  waters  and  to  determine  generally  the  manner  and  securities  in 
which  intakes  and  ditches  and  canals  therefrom  are  to  be  built. 

The  permits  to  take  water  are  granted  by  the  chief  of  the  department  "without 
any  greater  rights  being  granted  by  such  permits  than  those  granted  by  the  general 
law,  taking  into  account  the  priority  and  preferences  of  permits  amongst  the  various 
parties  in  interest.*' 

The  use  of  public  waters  is  acquired  by  administrative  concession  granted  without 
prejudice  to  rights  of  third  parties,  and  the  concession  or  administrative  permit  be- 
comes extinguished  by  nonuser. 

Canids  can  not  be  drawn  ^m  rivers  for  any  domestic  or  industrial  purpose,  except 
in  conformity  with  the  laws  or  ordinances. 

The  action  of  the  State  on  waters  of  public  use  is  exercised  either  by  the  President 
of  the  Republic  or  by  his  local  representatives,  the  intendents  or  governors  or  by  the 
municipalities. 

Ordinances  provide  for  the  appointment  of  inspectors  of  waters  (often  erroneously 
called  "judges''  of  waters)  to  regulate  the  use  of  waters  in  common  by  a  number  of 
landowners,  who  have  contributed  to  the  building  of  private  canals. 

In  general  questions  as  to  the  distribution  and  enjoyment  of  waters  of  rivers^  as 
these  are  national  property,  do  not  fall  within  the  jurisdiction  of  the  courts  of  justice, 
but  are  purely  administrative. 

The  concessionaire  is  obligated  to  submit  to  the  local  or  general  ordinances.  The 
most  complete  ordinance  on  the  subject  is  that  of  January  3,  1872. 

Ordinances  for  the  partition  of  the  waters  of  a  great  number  of  rivers  have  been 
frequently  passed  and  concessions  for  the  use  of  waters  granted  to  private  individuals 
(see  Ballesteros'  Indice  General  de  las  Leyes,  Vol.  I,  p.  17). 

Since  the  publication  of  Vera's  commentaries,  two  laws  of  especial  importance  have 
been  passed. 

Law  No.  1665  of  1904  •  provides  that  the  power  to  grant  concessions  to  public  utility 
electrical  enterprises  to  occupy  national  or  fiscal  (i.  e.,  owned  by  the  nation  on  the 
same  basis  as  property  of  private  owners)  property,  is  vested  in  the  President.  Con- 
cessions for  laying  transmission  lines  underground  can  be  granted  for  20  years;  over- 
head, for  10  years. 

<  Vera:  Commentaries  on  Civil  Code,  vol.  3,  p.  ao  seq. 

s  Vol.  3,  p.  30.    Not  a  work  of  high  authority,  bat  a  useful  compendium. 

*  See  also  the  decree  of  December  14,  same  year. 
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Law  No.  2068  (promulgated  Dec.  31,  1907:  Boletin  de  las  Leyes,  vol.  77,  p.  1572) 
covers  the  subject  of  the  utilization  of  miming  waters  for  power.  Under  its  provisions 
the  owner  can  employ  for  power  the  waters  which  flow  through  his  land,  either  in 
natural  or  artificial  channels.  He  must  not,  however,  disturb  the  enjoyment  by  the 
owner  of  the  waters.  A  like  right  may  be  exercised  by  the  owners  of  lands  which 
bound  on  natural  or  artificial  channels  (art.  1).  The  use  of  the  waters  may  be  either 
(a)  by  constructing  a  separate  channel,  imder  certain  reasonable  restrictions  and 
imposing  certain  obligations  >  (arts.  2  and  3),  or  (6)  by  installations  direct  on  the 
prmcipal  channel  (art  4) .  In  the  case  of  privately  owned  waters — ^that  is,  those  flowing 
in  artificial  channels — the  use  is  conditioned  upon  the  payment  to  the  owner  of  a 
fixed  annual  rental,  not  less  than  4  pesos  nor  more  than  8  pesos  per  horsepower  (art.  5). 
In  case  an  agreement  can  not  be  reached  with  the  owner  of  the  waters,  recourse  can  be 
had  to  the  court  to  ascertain  the  fair  amount  of  the  annual  payment  (art.  8).  The 
rights  acquired  imder  the  law  can  be  assigned  (art.  10). 

This  law  obviously  permits  of  a  very  extended  development  of  water  power,  either 
for  public  or  private  enterprises.  Under  the  Chilean  system  of  constitutional  law, 
the  law  can  not  be  invalidated  by  the  courts  as  unconstitutional. 

A  great  number  of  concessions  have  been  granted  under  this  law  of  1907  (see  the 
Boletin  de  las  Leyes  y  Decretos,  1908  to  date).  The  usual  form  specifies  the  quantitv 
of  water  allowed,  the  exact  place  where  the  water  is  to  be  taken  and  where  returned, 
provides  that  all  detailed  plans  and  specifications  must  be  submitted  for  approval 
within  one  year  and  generstlly  contains  a  provision  that  the  concessionaires  shall  be 
subject  to  the  provisions  of  general  regulations  now  in  force  or  that  may  hereafter  be 
enacted. 

COLOMBIA. 

The  Colombian  Civil  Code  was,  in  so  far  sis  the  law  of  waters  and  servitudes  is  con- 
cerned, copied  verbatim  from  the  Chilean.^ 

The  following  extracts  or  paraphrases  from  the  leading  Colombian  commentator 
on  the  Civil  Code,  Dr.  Fernando  Velez,'  will  therefore  serve  not  only  as  an  exposition 
of  the  Colombian  law,  but  also  to  throw  light  on  the  Chilean  Code. 

It  is  the  general  rule  in  Colombia  that  waters  are  the  property  of  the  State,  for 
public  use. 

The  use  of  waters  is  regulated  by  the  Civil  Code,  by  the  Mining  Code,  and  by  the 
departmental  ordinances. 

The  Mining  Code  (art.  204  seq.)  gives  miners  certain  preferential  rights  to  the  use 
of  public  waters;  but  they  can  not  deprive  the  owners  of  the  land  of  the  water  necessary 
for  domestic  and  stock  purposes,  and  for  irrigation  of  established  plantation,  and 
installed  machinery.  Nor  can  they  interfere  with  vested  servitudes  of  aqueduct 
(art.  208,  Mining  Code). 

.  The  Colombian  law  distinguishes  clearly  between  the  use  of  waters  and  the  owner- 
ship of  the  waters.  , 

As  to  ownership,  the  general  rule  is  that  they  belong  to  the  State  (Nation),  for  public 
use.    To  this  there  are  the  following  exceptions: 

First.  Article  677,  Civil  Code,  where  the  waters  rise  and  die  within  the  limits  of  one 
estate.  The  phraseologv  of  the  article  gives  rise  to  many  questions,  many  still  not 
satisfaetorily  settled.  It  is  interpreted  to  mean  that  it  dies  within  one  estate,  if  one 
of  the  boimdaries  of  the  estate  be  a  river  into  which  the  watercourse  disembogues 
within  the  estate.  If  the  estate  be  divided  up,  the  exclusive  ownership  ceases,  out 
rights  heretofore  granted  by  the  single  owner  are  preserved.  On  the  other  hand,  if  a 
single  owner  acquires  several  parcels  within  the  totality  of  which  a  watercourse  rises 
and  dies,  he  becomes  the  exclusive  owner  of  the  water. 

Second.  Waters  flowing  by  an  artificial  chsmnel,  lawfully  constructed  at  private 
expense,  are  the  exclusive  property  of  the  constructor  (art.  895,  Civil  Code). 

Third.  Wells  may  be  privately  owned,  although  digging  them  may  deprive  the 
owner  of  another  well  of  his  water  (art.  1002,  CivifCode). 

By  article  678,  private  individuals  can  acquire  no  rights  in  rivers  and  lakes  other 
than  the  use  and  enjoyment.  The  State's  pnor  right  can  never  be  cut  off,  by  aliena- 
tion or  prescription;  and  the  use  and  enjoyment  are  subject  to  the  rules  of  the  Civil 
Code  and  other  provisions  of  law. 

The  lefi:islature  is  always  at  liberty  to  vary  the  permitted  use  of  waters  and  regulate 
the  use  (Velez,  p.  37). 

>  Modifying  the  ri:;hts  and  obligations  of  the  owner  of  the  servient  tenement,  in  the  case  of  serx  itude  of 
aqtieduct,  by  arts.  Wi  and  872  of  the  Civil  Code. 

*  So  also  7as  the  Bouardorian:  no  special  research  into  the  law  of  Ecuador  has,  however, been  made. 

*  Commentaries,  vol.  3,  p.  36  seq. 
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Article  683.  Canals  can  not  be  drawn  from  rivers  for  any  individual  or  domestic 
purpose,  except  according  to  the  respective  laws. 

Tnis  is  because  they  are  of  public  use,  and  the  use  belongs  to  the  riparian  owners 
(arts.  892  to  894).  But,  provided  riparian  rights  be  not  vio&ted,  the  authorities  can 
grant  permission. 

Article  690.  Fishing  is  freely  permitted  in  rivers  and  lakes  of  public  use. 

The  Colombian  law,  contrary  to  the  Chilean,  contains  no  provision  (like  article  596, 
Chilean  Civil  Code)  that  lakes  navigable  by  boats  of  more  tnan  100  tons  are  of  public 
use. 

By  article  892,  Civil  Code^  the  owner  of  land  can  use  water  flowing  through  or  by  it 
for  domestic  purposes  for  imgation  of  the  same  land,  for  watering  stock,  and  mills  and 
machinery;  but  ne  must  return  the  surplus  to  the  accustomed  channel. 

This  right  is  irrespective  of  whether  the  waters  are  navigable  or  not,  and  whether 
of  public  domain  or  not.  (This  is  contrary  to  the  French  Code,  art.  644  whereof  docs 
not  give  the  use  of  navigable  waters.) 

The^use,  however,  is  limited: 

(A)  In  the  case  of  waters  flowing  through  an  estate  (art.  893)  by — 

(1)  The  prescriptive  or  other  vested  rights  of  lower  owners. 

(2)  Laws  or  ordinances  for  the  benefit  of  navigation  or  flotation,  or  regulating  the 
distribution  of  the  waters  among  riparian  owners. 

(3)  The  domestic  needs  of  the  innabitants  of  a  near-by  town;  but  a  part  of  the  water 
must  be  left  to  the  estate.  If  amicable  adjustment  can  not  be  had,  the  town  can  con- 
demn, compensating  the  owner  of  the  estate  for  all  direct  damages  (see  also  Leg.  Dec. 
No.  616  of  Apr.  9,  1902). 

(B)  Same  limitations  apply  in  the  case  of  waters  flowing  between  two  estates:  Use, 
in  case  of  dispute,  being  regulated  temporarily  by  the  administrative,  and,  perma- 
nently, by  the  judicial,  authorities  (art.  894;  velez,  p.  362). 

The  riparian  owner  can  transfer  his  rights  tD  one  not  a  riparian,  provided  the  waters 
be  returned  to  the  natural  channel  (Velez,  p.  363). 

No  special  laws  for  the  development  of  hydraulic  power  have  been  passed,  and  only 
a  few  special  concessions  have  heretofore  been  eranted,  almost  entirely  for  electric 
light  and  power  plants  for  town  purposes.  These  nave  been  imusually  liberal,  exempt- 
ing from  taxes  and  custom  duties  and  in  terms  safeguard  the  investor. 

As  Colombia  is  a  leading  mining  country  a  few  of  the  more  important  provisions  of 
the  Code  of  Mines  on  waters  are  next  given: 

Some  provisions  from  the  Colombia  Code  of  Mines: 

Art.  204.  He  who  gives  the  notice  spoken  of  in  articles  8, 79, 346,  and  367  acquires 
the  right  to  take  the  water  necessary  for  working  a  mine,  under  the  terms  detailed  in 
the  present  cliapter. 

Art.  208.  In  the  user  of  the  rights  spoken  of  in  the  foregoing  articles  the  owners  of 
mines  can  never  deprive  the  owners  of  the  lUnd  of  the  water  necessary  for  their  family, 
their  live  stock,  ana  any  sort  of  machinery  whatsoever  that  they  may  have  set  up  or 
started  to  set  up,  and  for  the  irrigation  of  their  planted  lands. 

Neither  can  such  user  impede  the  free  cmjo^ment  of  the  servitudes  of  aqueduct 
that  are  established  over  the  land  where  the  mine  is  situated,  in  favor  of  a  town  or 
settlement  or  an  estate  or  machinery  of  a  third  party. 

Art.  209.  If  there  arise  a  dispute  between  mine  owners  by  reason  of  some  claiming 
that  there  are  surplus  waters  in  any  reservoir  and  others  affirming  the  contrary,  the 
doubt  shall  be  resolved  by  means  of  experts  named  (one  each)  by  the  interested  parties 
and  the  third  by  the  jud^. 

Art.  212.  Disputes  arising  over  waters  between  miners  and  the  owners  of  the  lands 
or  those  enjoying  any  servitude  of  aqueduct,  shall  be  adjusted  in  the  way  detailed 
in  article  209. 

Art.  217.  In  case  the  proprietor  of  a  mine  changes  the  waters  placed  in  his  estab- 
lishment for  new  waters,  taken  from  a  different  source,  the  first  waters  thereby  i^so 
facto  are  restored  to  their  original  character  of  common  or  public  waters  and  are  subject 
thereafter  to  the  provisions  of  this  chapter. 

Art.  181.  Every  mine  enjoys  the  servitude  of  aqueduct  over  all  tenements  that 
may  be  necessary  to  conduct  to  the  place  of  the  works  the  water  to  serve  the  mine.^ 

CUBA  AND  PORTO  RICO. 

In  Cuba  and  Porto  Rico  the  modem  Spanish  Civil  Code  was  in  force  at  the  time 
of  the  separation  of  these  colonies  from  tlie  mother  country  in  1898,  and  has  been 
continued  in  force. 

1  Mining  laws  of  Colombia  tramlatdd  by  Bder,  pp.  76, 78,  and  60. 
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* 
The  provisions  of  the  Civil  Code,  here  in  point,  taken  from  the  official  translation 
contained  in  the  compilation  of  the  Revised  Statutes  and  Codes  of  Porto  Rico  (Wash- 
ington, 1911),  are  as  follows: 

Provisions  of  the  code  of  Cuba  and  Porto  Rico: 

Chapter  I. — The  Ownekship  op  Waters. 

Sec.  414.  To  the  public  domain  belong: 

1.  Rivers  and  their  natural  beds. 

2.  Continuous  or  intermittent  waters  from  Boiux;es  or  brooks  running  in  their  natuial 
beds,  and  the  beds  themselves. 

3.  Waters  rising  continuously  or  intermittently  in  lands  within  the  same  public 
domain. 

4.  Lakes  and  marshes  formed  by  nature  on  public  lands,  and  also  their  beds. 

5.  Rain  water  running  through  ravines  or  sandy  beaches,  the  beds  of  which  may 
also  belong  to  the  public  domam. 

6.  Subterranean  waters  existing  on  public  lands. 

7.  Waters  found  within  the  zone  of  operation  of  public  works,  even  when  they  are 
executed  by  a  grantee. 

8.  Waters  flowing  continuously  or  intermittently  from  tenements  belonging  to 
private  i>artiee,  to  the  people  of  the  United  States,  to  the  people  of  Porto  Rico,  or  to 
the  municipalities  thereof  from  the  moment  they  leave  such  tenements. 

9.  The  waste  waters  of  fountains,  sewers,  and  public  institutions. 
Sec.  415.  To  private  dominion  belong: 

1.  Waters,  eitner  continuous  or  intermittent,  rising  on  private  tenements,  as  far  as 
they  run  through  the  same. 

2.  Lakes  and  marshes,  and  their  beds,  when  formed  by  nature  on  the  said  tene- 
ments. 

3.  Subterranean  waters  found  on  the  same. 

4.  Rain  water  falling  on  private  tenements,  as  long  as  they  remain  within  the 
boimdaries  of  the  same. 

5.  The  beds  of  flowing  waters,  continuous  or  intermittent,  formed  bv  rain  water, 
and  those  of  brooks  crossing  tenements  which  do  not  belong  to  the  public  domain. 

In  every  drain  or  aqueduct,  the  water,  the  bed,  the  sloping  bank,  and  the  sideways 
are  considered  as  an  mtegral  part  of  the  tenement  or  buildmg  for  which  the  waters 
are  intended.  The  owners  of^ tenements  through  which,  or  along  the  boundaries  of 
which  the  aqueduct  passes,  can  not  all^e  ownership  over  the  same  nor  any  ri^ht  to 
profit  by  its  beds  or  sideways,  unless  they  base  their  claims  on  title  deeds,  specifying 
the  right  or  the  ownership  claimed  by  them. 

Chapter  II. — ^Thb  Use  op  Public  Waters. 

Sec.  416.  The  use  of  public  waters  is  acquired: 

1.  By  administrative  concession. 

2.  By  prescription  after  20  years. 

The  limits  of^the  rights  and  obligations  of  these  uses  shall  be  those  shown,  in  the 
first  case,  by  the  terms  of  the  concession;  and,  in  the  second  case,  by  the  manner  in 
which  the  waters  have  been  used. 

Sec.  417.  Every  concession  of  the  use  of  waters  is  understood  to  be  without  injury 
to  third  persons. 

Sec.  418.  The  ri^t  to  make  use  of  public  waters  is  extinguished  by  the  lapse  of 
the  concession  andl)y  nonusage  during  20  years. 

Chaitbr  III. — ^The  Use  op  Waters  op  Private  Ownership. 

Sec  419  The  owner  of  a  tenement  in  which  a  spring  or  brook  rises,  be  it  con- 
tinuous or  intermittent,  may  use  its  waters  as  far  as  they  run  through  the  said  tenement; 
but  after  the  said  water  leaves  the  tenement  it  shall  become  public,  and  its  use  is 
governed  by  the  special  law  of  waters. 

Sec  420.  Private  ownership  of  the  beds  of  rain  waters  does  not  give  a  right  to 
make  works  and  constructions  which  may  divert  the  course  of  such  waters  to  the 
injury  of  a  third  person,  nor  those  the  destruction  of  which  by  the  force  of  floods 
may  cause  such  injury. 

Sec  421.  No  one  may  enter  private  property  in  search  of  waters  or  make  use  of 
them  withoutpermission  from  tne  owners  tnereof . 

Sec  422.  The  dominion  which  the  owner  of  a  tenement  has  over  the  waters  arising 
thereon  does  not  injure  the  rights  which  the  owner  of  a  lower  tenement  may  have 
legally  acquired  to  the  use  thereof. 
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Sec.  423.  Every  owner  of  a  tenement  has  a  rieht  to  construct  within  his  property 
receptacles  for  rain  water,  provided  he  does  no  damage  thereby  to  the  public  or  to  a 
thira  person. 

Chapter  IV. — Subtebbanean  Waters. 

Sec.  424.  Only  the  owner  of  a  tenement  or  another  person  with  his  permission  may 
search  for  subterranean  waters  thereon. 

The  search  for  subterranean  waters  in  lands  of  public  domain  may  be  made  only 
with  the  permission  of  the  administrative  authorities. 

Sec.  425.  Artesian  waters  discovered  in  accordance  with  the  special  law  of  waters 
belong  to  the  person  discovering  them. 

Sec.  426.  When  the  owner  o?  artesian  waters  abandons  the  same  to  their  natural 
course,  they  shall  become  public  domain. 

Chapter  V. — General  Provisions. 

Sec.  427.  The  owner  of  a  tenement  on  which  there  are  defensive  works  to  check 
waters,  or  on  which,  by  the  variation  of  their  course,  it  may  be  necessary  to  recon- 
struct them  anew,  is  bound,  at  his  option,  either  to  make  the  necessary  repairs  or 
constructions  or  to  permit  that,  without  damage  to  him,  the  owners  of  the  tenements 
who  suffer  or  are  clearl]^  exposed  to  suffer  damages,  should  make  such  works. 

Sec.  428.  The  provisions  of  the  preceding  section  apply  to  the  cases  in  which  it 
may  be  necessary  to  clear  a  tenement  from  the  material,  the  accumulation  or  fall 
of  which  may  obstruct  the  course  of  water,  to  the  injury  or  danger  of  a  third  person. 

Sec.  429.  All  the  owners  who  participate  in  the  benefits  arising  from  the  works  to 
which  the  preceding  sections  refer  shall  be  boimd  to  contribute  to  the  expenses  of 
their  several  interests.  Those  who  by  their  own  fault  may  have  caused  the  damages 
shall  be  liable  for  such  expenses. 

Sec.  430.  The  ownership  and  use  of  waters  belonging  to  corporations  or  private 
persons  are  subject  to  the  law  of  eminent  domain  for  reasons  of  public  utility. 

Sec.  431.  The  provisions  of  this  title  shall  not  cause  injury  to  rights  previously 
acc^uired  nor  to  tne  private  dominion  of  the  owners  of  waters,  drains,  fountains,  or 
springs  by  virtue  of  which  they  use,  sell,  or  barter  them  as  private  property. 

Sec.  432.  Anything  not  expressly  determined  by  the  provisions  of  this  chapter 
shaU  be  governed  by  the  special  law  of  waters. 

"Law  of  waters"  of  Cuba  and  Porto  Rico: 

Section  I. — CoNCEsaioN  of  Uses. 

(2533)  Art.  147.  Authority  is  necessary  for  the  use  of  public  waters  especially  des- 
tined to  enterprises  of  public  or  private  interest,  excepting  in  the  cases  mentioned 
in  articles  6,  174,  176,  177,  and  184  of  this  law. 

(2534)  Art.  148.  Any  person  who  may  have  a  declared  right  to  the  public  waters 
of  a  river  or  creek  and  who  shall  have  not  made  any  use  thereof,  or  only  in  part,  shall 
retain  his  full  rights  for  a  period  of  20  years  from  the  date  of  the  promulgation  of  th« 
law  of  AugU3t  3,  1866. 

Upon  the  expiration  of  this  period  such  rights  shall  lapse  as  to  that  part  of  the 
water  not  uaed,  without  prejudice  to  the  general  rule  provided  in  the  following 
article. 

The  provisions  of  articles  5,  6.  7,  11,  and  14  of  this  law  are  applicable  in  such  case 
to  the  subsequent  use  of  the  waters. 

In  any  event,  wh^n  a  public  investigation  is  made  with  respect  to  any  grant  of 
waters  the  holder  of  such  rights  shall  be  obliged  to  establish  them  in  the  manner 
and  at  the  time  prescribed  by  the  regulations.  If  condemnation  should  lie,  it  shall 
take  place  after  tne  proper  compensation. 

(2535)  Art.  149.  He  who  shall  have  enjoyed  the  use  of  public  waters  for  a  period 
of  20  years  without  opposition  on  the  part  of  the  authorities  or  a  third  person  shall 
continue  to  enjoy  it  even  though  he  can  not  prove  that  he  obtained  the  proper 
authority. 

(2536)  Art.  150.  Every  grant  for  the  use  of  public  waters  shall  be  imderstood  to 
be  made  without  prejudice  to  third  persons,  and  reserving  individual  rights;  as  to 
the  duration  of  these  concessions,  it  shall  be  determined  in  each  case  according  to 
the  provisions  of  this  law. 

(2537)  Art.  151.  A  grant  for  the  use  of  public  waters  shall  be  understood  to  include 
that  of  the  lands  of  public  ownership  necessary  for  the  works  of  dams  and  canals  and 
ditches. 
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With  regard  to  lands  belonging  to  the  State,  a  Province,  towns,  or  private  indi- 
viduals, a  compulsory  servitude  shall  be  imposed  according  to  the  cases,  without 
prejudice  to  the  provisions  of  article  78,  or  they  shall  be  condemned  for  a  cause  of 
public  utility  after  the  proper  proceedings  and  other  formalities  required. 

(2538)  Art.  152.  In  all  concessions  for  the  use  of  public  waters  the  natiu^  of  such 
use,  the  amount  of  cubic  meters  of  water  per  second  granted,  and,  if  the  concession 
be  for  irrigating  purposes,  the  area  in  hectares  of  the  land  to  be  irrigated  shall  be 
stated. 

If  in  uses  granted  prior  to  this  law  the  volume  of  water  should  not  have  been  fixed, 
only  that  amount  necessary  for  the  purpose  of  such  uses  shall  be  understood  to  have 
been  granted.  This  amount  shall  oe  determined  by  the  colonial  secretary  after 
hearing  the  persons  interested,  and  he  may  require  them  to  install  the  proper  water 
meters. 

(2539)  Art.  153  (as  amended  by  act  of  Mar.  9,  1905,  p.  187).  The  waters  granted  for 
a  given  utilization  shall  never  be  applied  to  a  different  purpose  without  the  proceed- 
ings corresponding  to  the  granting  of  a  new  franchise:  Provided,  That  the  waters 
granted  for  irrie;atmg  purposes  may  also  be  used  for  the  industrial  preparation  of  the 
products  of  the  land  to  oe  urigated :  Provided,  That  the  original  volume  of  water  granted 
shall  not  be  altered,  and  the  waters  granted  to  produce  power,  which  subsequently 
must  be  returned  to  the  stream,  mav  also  be  used  for  any  other  industrial  purposes 
which  will  not  render  them  unfit  to  be  returned  to  the  stream. 

(2546)  Art.  160.  The  following  order  of  preference  shall  be  observed  in  grants  for 
special  uses  of  public  waters: 

1.  Water  supply  of  towns. 

2.  Water  supply  of  railroads. 

3.  Irri^tion. 

4.  Navigation  canals. 

5.  Mills  and  other  factories,  ferrvboats,  and  floating  bridges. 

6.  Ponds  for  fish  pounds  or  hatcheries. 

Preference  shall  be  given  in  each  class  to  the  enterprises  of  most  importance  and 
utility,  and,  in  eauality  of  circumstances,  to  the  persons  who  first  requested  the  use. 

In  every  case  the  common  uses  referred  to  in  sections  1,  2,  and  3  of  the  foregoing 
chapter  shall  be  first  respected. 

(2547)  Art.  161.  Eveiy  special  use  of  public  waters  is  subject  to  forcible  expro- 
priation for  a  cause  of  public  utility,  after  proper  indemnity  m  favor  of  another  use 
which  precedes  it,  according  to  the  order  established  in  the  foregoing  article,  but 
not  in  favor  of  any  use  following  it,  except  by  virtue  of  a  special  law. 

(2548)  Art.  162.  In  urgent  cases  of  fire,  flood,  or  any  other  public  calamity,  the 
authority  or  its  subordinates  may  at  once,  without  proceedings  or  previous  indemnity, 
but  in  accordance  with  the  ordinances  and  regulations,  dispose  of  the  water  necessary 
to  control  or  avoid  the  dama^.  If  the  waters  were  public,  indemnity  shall  not  lie; 
but  if  they  were  applied  to  industrial  or  agricultural  purposes,  and  were  of  private 
ownership,  and  their  diversion  should  have  caused  any  estimable  damage,  the  owner 
thereof  shall  be  compensated  immediately. 

Section  6.  Use  of  public  waUrs  for  ferryboats,  bridges ,  and  industrial  establishments — 

(2601)  Art.  215.  In  rivers  which  are  neither  navigable  nor  capable  of  floating  logs 
or  rafts  the  owner  of  both  margins  may  without  restriction  establish  any  apparatus, 
machinery,  or  industry  which  will  not  cause  a  diversion  of  the  waters  from  their 
natural  course.  If  he  owns  one  margin  only,  he  can  hot  go  beyond  the  center  of  the 
channel.  In  either  case  he  must  construct  his  establishment  in  such  manner  as  not 
to  interfere  with  the  free  cpurse  of  the  waters,  nor  damage  adjoining  estates,  irrigation 
works,  or  established  industries,  including  the  fishing  industry. 

(2607)  Art.  221.  Persons  who  make  use  of  the  water  as  motive  power  for  machinery 
or  industrial  establishments  located  within  a  river  or  on  the  banks  or  maigin  thereof, 
shall  be  relieved  from  the  payment  of  any  taxes  during  the  first  10  years. 

The  above  special  and  very  detailed  law  of  waters  which  was  in  force  in  1898,  and 
which  has  continued  in  force  (subject  to  the  limitation  hereafter  to  be  mentioned  in 
the  case  of  Porto  Rico)  was  the  Spanish  law  of  waters  of  1879,  extended  to  Porto  Rico 
in  1886  and  promulgated  for  Cuba  by  Royal  Decree  of  January  9,  1891. ' 

A  translation  of  this  law  is  to  be  found  in  the  compilation  of  Revised  Statutes  and 
Codes  of  Porto  Rico.  Attention  is  called  especially  to  articles  147  seq.,  160,  161, 
215  to  221,  226  seq.  It  was  expressly  continued  in  force  in  Porto  Rico,  with  some 
di^t  modifications,  by  an  act  of  1903.    But  it  seems  that  the  law  is  in  many  parts 

1  Betanoourt's  edition  of  the  Civil  Code  of  Cuba,  note  to  art.  425;  compilation  of  Rerised  Statutes  and 
Codes  of  Porto  Rico,  p.  458. 
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contrary  to  the  oiganic  law  of  the  Territory  and  oth^  laws  of  the  United  States  applica- 
ble to  it.  It  was  BO  considered  in  the  case  of  Arpin  v.  Porto  Rico  Light  and  Power 
Co.> 

This  is  the  most  important  case  that  seems  to  have  arisen  in  Porto  Rico  on  the 
subject,  not  merely  because  of  the  questions  of  law  involved,  but  also  because  it 
dealt  with  the  right  to  ^nerate  electric  power  from  £1  Salto  or  Comerio  waterfall 
on  La  Plata  River,  a  navigable  stream  17  miles  from  San  Juan,  the  only  considerable 
one  in  Porto  Rico,  adequate,  it  was  alleged,  to  furnish  not  only  heat,  light,  and  power 
for  the  city  of  San  Juan,  but  also  to  operate  trolley  lines  in  the  city  and  in  a  large 
section  of  the  island.  There  are  a  few  smaller  falls  in  other  parts  of  the  island,  but 
not  of  sufficient  volume  to  attract  much  attention.  The  case  arose  out  of  a  dispute 
between  the  complainant  who  was  the  riparian  owner,  and  the  grantee  of  a  franchise 
from  the  executive  council  of  the  islana  to  use  the  waterfall.  The  court  held  that 
section  218  of  the  law  of  waters  is  not  in  force  to  the  extent  of  conferring  exclusive 
privileges  on  riparian  owners;  and  the  power  to  p;Tant  franchises  for  the  use  of  wat^ 
IS  vested,  under  the  organic  law  of  Porto  Rico,  in  the  executive  council,  subject  to 
approval  by  the  governor  and  to  congressional  control.  "It  can  not  be  disputed,** 
said  the  court,  "that  the  people  of  the  Island  of  Porto  Rico  are  the  owners  of  the 
riv^  bed  of  this  nonnavigable  stream  and  of  this  fall. "  The  riparian  owner  could 
have  no  r]£:hts  except  such  as  he  might  have  duly  acquired,  to  and  by  the  use  of  tJie 
water,  and  the  right  of  eminent  domain  could  be  extended  to  the  appropriation, 
said  the  court,  by  a  private  corporation  of  the  riparian  rights  of  owners  for  the  purpose 
of  generating  electricity  to  serve  towns  and  cities. 

The  navigable  waters  of  the  areas  of  harbors,  bays,  inlets,  and  rivers  and  the  sub- 
merged lands  underlying  the  same,  are  not,  however,  the  property  of  the  local  govern- 
ment of  Porto  Rico,  but  are  now  tne  national  property  of  the  United  States. ' 

URUGUAY. 

The  Uruguayan  law  contains  some  modifications  of  the  fairly  uniform  fundamental 
principle  heretofore  set  forth  as  to  the  ownership  of  running  waters  (art.  478  (431)»  of 
the  Civil  Code  provides: 

"The  following  are  national  property  of  public  use: 

"  3 .  The  waters  of  rivers  or  arroyos  navigable  or  floatable  in  all  or  part  of  their  course 
By  navi^ble  or  floatable  rivers  or  arroyos  shall  be  imderstood  those  on  which  naviga- 
tion  or  floating  is  possible  either  natunilly  or  by  artificial  works. 

"4.  The  banks  of  such  rivers  or  arroyos,  in  so  far  as  ihe  use  thereof  is  indispensable 
for  navigation. 

"5.  Running  waters,  even  of  nonnavigable  rivers  and  arroyos,  in  respect  to  use 
for  the  prime  necessities  of  life,  *  if  there  be  a  public  road  giving  access  to  them.  '* 

Title  III  of  the  Riu^  Code  (1879)  comprising  articles  343  to  634,  constitutes  a  very 
complete  statute  on  the  law  of  waters,  copied  very  laigely  from  the  Spanish  law  of 
waters  of  1866,  the  predecessor  of  the  law  of  1879  already  mentioned  m  connection 
with  Cuba  and  Porto  Rico.  It  also  reproduces  the  provisions  of  the  Civil  Code  in- 
cluded in  the  section  "Servitudes  of  waters. "  The  result  is  a  number  of  repetitions 
and  contradictions:  There  are  a  number  of  articles  of  the  Civil  Code  identical  with 
or  analogous  to  articles  of  the  Rural  Code,  and  othere  not  at  all  in  harmony  therewith. 

The  chief  provision  for  the  use  of  water  for  power  is  as  follows:^ 

"In  rivers  and  arroyos  which  are  not  navigable  or  floatable,  he  who  is  owner  of  both 
banks  can  freely  install  any  artificial  structuiB,  machinery,  or  industry.  If  he  is 
owner  of  only  one  bank,  he  can  not  pass  beyond  midstream.  In  either  case,  he  must 
install  the  plant  without  prejudice  to  the  abutting  estatea  or  to  irrigation  ditches  or 
to  lower  industrial  establishments  or  to  the  public  road,  if  any,  for  the  use  of  the  water 
as  provided  in  article  346,  subdivision  3.**  • 

1  Porto  Rioo  Poderal  Reports  (1906),  p.  814. 

1  Standard  Dredging  Co.  v.  Oromer,  Treasurer  of  Porto  Rico,  5  Porto  Rico  Federal  Reports,  142,  kdd: 
Local  goyemment,  therefore,  had  no  power  to  collect  taxes  on  dredges  and  scows,  belonging  to  a  dtueo  of 
Delaware  not  domiciled  in  tne  Territory,  and  osed  only  temporarily  within  the  Territory  to  diedg^  navi- 
gable waters  tmder  contracts  with  the  United  States. 

<  The  first  number  follows  the  numeration  of  the  1914  official  edition;  the  number  in  parentheses  is  the  old 
number. 

<  I.  e.,drin1dngand  watering  stock.  Ouillot's  Commentaries,  toL  8,  pp.  53, 54.  This  section  is  not  under- 
stood to  give  the  State  any  absolute  proprietary  right.  The  State  simply  exercises  a  right  of  protection  to 
assure  the  common  use.  The  riparian  owner  can  use  the  waters  for  domestic  needs,  irrigation  and  industrial 
purposes  in  s  >  far  as  such  use  does  not  prejudice  the  other  riuanan  owner  nor  contravene  legal  regulations, 
where  he  is  the  owner  of  both  banks,  he  can  use  the  waters  in  any  way  he  sees  fit  provided  he  restore  t' 
to  their  customary  channel.   Id. 

»  Article  600,  Rural  Code. 
•Art.846,sabdlvi8ion3l8arepetltlonofart.478,8abdivi8lon5,oftheCivl]Code,f«pr8. 


Digitized  by  VjOOQIC 


BNGIKEEBIKO.  221 

This  differs  from  the  Spanuh,  Cuban,  and  Porto  Rican  law  of  1879  (art.  215)  in 
omittiiig  the  requirement  that  there  shall  be  no  interference  "with  the  natural  course 
of  the  waters.''  Under  article  603,  consent  of  the  owners  or  ownership  of  the  lands 
is  not  required  as  in  article  218  of  the  Spanish  law,  but  specifications  of  the  proposed 
works  must  be  drawn  up,  and  notice  published  and  served.  Article  606  omits  the 
condition  imposed  in  article  220  of  the  Spanish  law. 

Another  difference  is  the  insertion  in  the  Uniguayan  law  of  an  article  (art.  604) 
autiiorizing,  with  the  consent  of  a  community  of  irrigators,  the  use,  for  private  power 
plants,  of  a  canal  or  ditch  belonging  to  them  j  and  in  case  of  their  refusal  to  consent,  the 
same  may  be  had  by  authority  of  the  municipality,  after  due  hearings,  provided  no 
damage  is  done  to  irrigation  or  other  industries  and  provided  the  community  of  irri- 

SEttors  does  not  desure  to  itself  use  the  water  power.    It  has  the  preferential  right, 
ut  to  avail  itself  thereof  must  commence  work  within  a  year  from  the  adverse 
application. 

To  withdraw  waters  from  navigable  or  floatable  rivers,  special  authorization  from 
the  Government  is  necessary.' 

The  Usinas  Electricas  del  P^stado,  a  State  corporation,  is  given  an  exclusive  monop- 
oly of  supplying  electricity  to  the  public  for  light,  po^er,  traction,  etc.^  throughout 
the  Republic  (law  of  Oct.  18,  1912).  The  only  exceptions  are  two  existing  tramway 
companies  in  Montevideo. 

VENEZUELA. 

In  Venezuela  rivers  are  of  the  public  domain  (art.  456,  Civil  Code)  and  are  inalien- 
able (art.  460).  The  right  of  riparian  owners  to  the  use  of  the  waters  is,  however, 
recognized  (arts.  570  seq.).  They  may  use  them  freely  for  irrigation  or  industrial 
purposes  provided  they  be  returned  to  their  natural  course  (art.  572)  or  if  the  quantity 
of  water  is  8u£Qcient  to  permit  doinc  so  without  prejudice  to  third  parties,  may  with- 
draw the  water  (art.  573),  provided,  however,  tiiat  no  use  prejudicial  to  navigation 
or  floating  be  made  (art.  574). 

The  servitude  of  aqueduct  by  operation  of  the  law  is  recognized  to  a  liberal  extent 
(arts.  584  seq.),  compensation  of  course  being  paid  and  reasonable  conditions  pre- 
scribed (id.). 

Venezuela  is  one  of  the  few  countries  where  the  necessity  of  conserving  the  forests 
in  order  to  trtftintAin  the  water  supply  has  been  recognized  and  conservation  laws 
adopted.  Grants  in  fee  can  not  be  made  of  public  lands  within  250  meters  of  navi- 
eabfe  rivers  and  lakes,  or  within  25  meters  of  nonnavicable  waters.  Nor  can  srants 
be  made  of  public  forest  lands  the  conservation  of  which  is  deemed  advisable  for 
reasons  of  piujlic  utility,  especially  for  the  purpose  of  conservation  of  water  supply 
(law  of  public  lands  of  Jvily  4,  1912,  art.  11).  The  destruction  of  forests  necessary  to 
m^int^in  the  Water  supply  is  prohibited ;  and  suit  to  enjoin  upland  owners  from  clear- 
ing or  cutting  down  their  wcx>dlands  can  be  brought  by  the  owners  of  waters  preju- 
diced thereby.  The  Government  can  expropriate  privately  owned  woodlands  which 
it  deems  advantageous  for  the  conservation  of  water  supply  for  present  or  future 
town  uses  Qawb  of  June  15, 1910). 

Public-service  owporations  would  seem  entitled  to  make  use  of  the  right  of  con- 
demnation for  water-pow»  enterprises  (law  of  expropriation  for  public  use,  June  18, 
1912,  art.  2).  In  eeneral,  congressional  declaration  that  works  are  for  public  use  is 
required  (art.  10),  out  is  not  necessary  for  the  construction  or  enlaigement  of  aque- 
ducts, canals  and  ports,  irrigation  systems,  and  the  conservation  of  waters.  For  such 
cases  the  decree  of  the  President,  of  the  State  or  of  the  municipality,  as  the  case  may 
be,  within  whose  jurisdiction  the  works  fall  is  sufficient  (art.  11). 

There  might  be  a  question  whether  the  new  constitution  of  1914  has  not  abrogated 
the  foresoing  rule  and  made  congiessional  approval  requisite,  at  least  in  cases  where 
navigable  waters  are  concerned.  Under  it,  all  legislative  and  executive  jurisdiction 
over  navigation  and  docks  is  reserved  to  the  Fedend  Government,  and  the  navigation 
of  rivers  and  other  waters  can  not  be  impeded  by  taxes  or  under  franchises,  except 
where  special  works  have  been  required  to  create  navi^bility  (art.  19,  subdiv.  9), 
and  contracts  in  respect  of  water  powers  in  navigable  rivers  would  seem  to  be  com- 
prised within  those  requiring  the  approval  of  the  National  Congress  (art.  58, 
Bubdiy.  10). 

BlULZIL. 

Brazil  inherits  its  law  from  Portugal  and  not  from  Spain.  The  elementary  prin- 
ciples of  its  laws  of  waters,  as  contained  in  the  Civil  Code,  seem  to  be  similar  to  those 
of  Argentina.    Attention  is  called  to  the  following  laws: 


1  Ctrl]  Code,  art.  665. 
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"The  Govemment  shall  foster  the  utilization  of  hydraulic  power  for  transformation 
into  electrical  eneiigy  applied  to  Federal  services,  and  may  authorize  the  employment 
of  the  excess  of  power  for  the  furtherance  of  agriculture,  industry,  and  other  purposes, 
and  may  grant  special  privileges  to  enterprises  proposing  to  engage  in  such  services. 
These  concessions  shall  be  free,  as  provided  in  tne  constitution,  mm  any  customs  or 
municipal  charges  (law  No.  1145  of  Dec.  31,  1903,  art.  23). 

"The  President  of  the  Republic  may  grant  to  enterprises  venerating  electricity 
from  water  power  that  may  oe  organized  for  purposes  of  pubuc  use  or  advantage, 
exemption  from  customs  duties,  the  right  of  expropriation  of  the  lands  and  improve- 
ments necessary  for  the  installation  and  carrying  out  of  the  respective  services,  and 
the  other  special  privileges  comprised  in  article  No.  23  of  law  No.  1145  of  December 
31,  1903  (art.  18,  law  1316  of  Dec.  31,  1904)." 

These  laws,  however,  do  not  give  the  right  of  expropriation  of  privately  owned 
water  currents.  (Valladao;  Bases  para  o  Codigo  das  Aguas  da  Republica,  p.  29,  Rio 
de  Janeiro,  1907.) 

MEXICO. 

Laws  concerning  waters  and  water  rijghts.^ 

Chapter  1.  Public  waterways  and  rights  therein.    (Laws  of  June  5,  1888.) 

Art.  873.  Oeneral  ways  of  communication. — ^Besides  the  national  highways,  railroads, 
etc.,  the  following  are  general  ways  of  communication  under  fraction  22  of  article  72 
of  the  constitution:  The  territorial  seas;  the  estuaries  and  lasoons  along  the  coasts 
of  the  Republic;  the  canals  constructed  by  the  federation  or  with  aid  from  the  national 
treasury;  interior  lakes  and  rivers,  if  navigable  or  floatable;  lakes  and  rivers  of  any 
class  and  for  their  whole  length,  which  serve  as  boundaries  of  the  Republic  or  of 
two  or  more  States  of  l^e  Union  (art.  1). 

Art.  874.  Regulation — Public  and  private  rights. — ^The  guarding  and  polidng  of  the 
foregoing  general  ways  of  communication  depiends  upon  the  Federal  Executive,  who 
has  also  power  to  regulate  the  public  and  private  uses  of  the  same  on  the  following 
bases:  (a)  The  towns  along  their  course  shall  have  the  free  use  of  the  waters  needed 
for  the  domestic  service  of  the  inhabitants;  (6)  the  rights  of  private  persons  in  respect 
to  easements^  use,  and  supply  of  waters  created  in  their  favor  upon  rivers,  lakes, 
and  canals  will  be  respected  and  confirmed,  provided  such  rights  are  founded  on  law- 
ful titles  or  civil  prescription  of  more  than  10  years;  (c)  the  concession  or  confirma- 
tion of  private  rights  upon  lakes,  rivers,  and  canals  can  only  be  granted  bv  the 
department  of  fomento  when  it  neither  produces  or  threatens  to  produce  any  change 
of  their  course,  nor  deprives  the  lower  riparian  dwellers  of  the  use  of  their  waters; 
((f)  fishing,  pearl  hunting,  and  Uie  use  and  utilization  of  the  estuaries,  lagoons  along 
the  shores  and  on  public  lands,  and  of  the  other  territorial  seas  will  be  specially  regu- 
lated by  the  Federal  Executive.  Ordinary  crimes  committed  on  interior  lakes, 
rivers,  and  canals,  and  jurisdiction  over  controversies  between  private  persons  in  regard 
to  the  application  of  the  regulations  issued  by  the  fomento  belong  to  the  competent 
local  tribunals  (arts.  2-3V 

Ceiap.  2.  Concession  of  water  rights.    (Law  of  June  6,  1894.) 

Art.  875.  Concessions — conditions. — The  Executive  is  authorized  in  accordance 
with  the  present  law  and  that  of  June  5,  1888,  to  grant  concessions  to  individuals 
and  companies  for  the  better  utilization  of  the  waters  under  Federal  jurisdiction,  for 
irrigation  and  as  power  adaptable  to  various  industries.  Such  concessions  will  be 
granted  on  the  following  conditions:  (1)  Previous  publication  of  the  petition  in  the 
ofl^cial  newspaper  of  the  Federation  and  of  the  propor  State;  (2)  without  prejudice  of 
third  parties^  any  oppositions  arising  being  first  decided  by  the  competent  tribunals; 
(3)  presentation  of  plans,  profiles,  and  descriptive  reports  for  the  complete  understand- 
ing of  the  projected  woncs,  within  the  time  prescribed  in  the  concession;  (4)  the 
admission  of  an  engineer  appointed  by  the  Executive  and  paid  by  the  concessionaire, 
as  inspector  of  the  work  of  planning  and  construction  of  all  the  works;  (5)  making  a 
deposit  of  bonds  of  the  public  debt  to  guarantee  the  performance  of  the  obligations 
contracted  by  the  concessionaire;  (6)  the  submission  of  the  tariffs  for  the  sale  and  leas- 
ing of  the  waters  to  the  examination  and  approval  of  the  department  of  fomento 
(arts.  1-2). 

Art.  876.  Franchises  and  exemptions. — ^The  Executive  may  grant  to  the  conces- 
sionaires the  following  franchises  and  exemptions:  (1)  Exemption  for  five  years  from 
all  Federal  taxes  except  stamp  taxes,  on  the  capital  employed  in  laying  out,  con- 
struction and  repair  or  the  works  denned  in  the  concession;  (2)  the  importation  at 
one  time  free  of  duty  of  the  machinery,  scientific  instruments  and  apparatus  neces- 
sary for  the  laying  out,  construction,  and  operation  of  said  works;  (3)  the  right  to 
occupy  without  cost  the  public  lands  for  the  passage  of  canals,  for  the  construction 


1  Wbeks'  Handbook  of  the  Laws  of  Mazioo. 
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of  dams  or  dikes,  and  for  the  formation  of  deposits;  (4)  the  right  of  expropriation  from 
private  persons  because  of  public  utility,  upon  indemnity  and  on  the  same  terms  as 
railroads,  of  the  lands  necessary  for  the  foregoing  uses.  The  Executive  may  also 
grant  the  free  importation  of  machinery  and  apparatus  necessary  for  the  utilization 
of  water  for  irrigation  or  motive  power,  under  concessions  granted  by  the  States  for 
that  purpose,  provided  the  concessionaires  give  security  for  carrying  out  their  works, 
and  under  such  rules  and  limitations  as  may  be  prescribed  by  the  Executive,  who 
will  also  issue  regulations  for  the  utilization  of  waters  in  the  Federal  District  and 
Territories,  and  who  may  also  grant  concessions  for  constructing  dams  and  forming 
deposits  in  accordance  with  the  principle  of  the  Civil  Code  (arts.  3-5). 
Chap.  3.  State  concessions  of  water  rights.  (Law  of  December  17,  1896.) 
Art.  877.  Revalidation — Conditians. — ^The  Executive  will  revalidate  for  this  one 
time  the  concessions  granted  up  to  this  date  by  the  State  authorities  to  private  per- 
sons to  utilize  the  waters  of  rivers  or  streams  aassified  as  under  Federal  jurisdiction 
by  article  1  of  the  law  of  June  5,  1888,  provided  that  they  comply  with  the  following 
requisites:  (1)  That  the  revalidation  be  solicited  within  one  year  from  the  promul- 
gation of  this  law  (other  detailed  requirements  of  the  petitions  and  proceedings  are 
omitted,  as  now  of  no  concern)  (arts.  1-3). 

Art.  878.  Future  concessions. — ^Where  concessions  are  sought  from  the  States  in 
respect  to  a  water  course  of  a  doubtful  character,  whether  in  reg^urd  to  its  being  navi- 

f  Bible  or  floatable,  or  as  to  its  situation  as  the  prooable  boundary  between  two  or  more 
tates,  the  State  authorities,  before  granting  a  concession  for  the  use  of  its  waters, 
must  consult  the  Federal  Government  in  respect  to  the  definitive  character  of  such 
water  course;  concessions  made  without  observing  this  requirement  can  hereafter 
under  no  circumstances  be  confirmed  (art.  4). 

Art.  881.  Mining  rights — Public  utility. — The  owner  of  a  mining  property  has  the 
right  to  extract  and  make  use  of  all  the  substances  above  mentioned  found  on  the 
surfoce  or  in  the  subsoil  of  his  property,  but  can  not  extend  his  workings  beyond  its 
limits  although  surrounded  by  free  ground;  he  may  also  make  use  of  the  waters  en- 
countered in  the  workings  and  extract  and  dispose  of  the  same  with  all  of  the  sub- 
stances which  they  hold  in  suspension  or  solution,  but  can  not  claim  indemnity  where 
such  waters  are  exhausted  or  diminished  through  the  drainage  of  other  mining  proper- 
ties. Where  the  striking  of  waters  in  the  interior  workings  causes  the  exhaustion  or 
diminution  of  springs  belonging  to  another  owner,  the  latter  may  recover  the  waters 
belonging  to  h'm,  provided  he  does  not  deprive  the  owner  of  the  mine  of  the  water 
he  needs  for  his  own  work,  and  the  former  can  not  require  indemnity  for  the  same; 
the  conveyance  or  loss  of  a  mining  property  carries  with  it  the  ri^ht  to  the  interior 
waters.  The  mine  "dumps"  constitute  an  accession  of  the  mining  property  from 
which  they  arise;  if  their  origin  can  not  be  determined,  their  ownership  will  be 
govomed  by  the  common  law. 

The  mining  industry  is  of  public  utility,  hence  the  owners  of  mining  property  have 
the  right  of  expropriation  (eminent  domain)  in  the  cases  and  conditions  (see  arts. 
895-896)  prescribed  in  this  law  (arts.  7-10,  134). 

Ohaftbb  II. — Legal  Easements  of  Waters^ 

Art.  268.  Surface  and  collected  waters. — Lower  lands  are  subject  to  receive  the  water 
as  well  as  earth  and  rocks  carried  by  them,  which  naturally  and  without  the  work 
of  man  flow  onto  them  from  higher  lands;  the  owner  of  the  lower  lands  can  not  con- 
struct works  to  impede,  nor  the  owner  of  the  higher  lands  to  aggravate  such  flow. 
The  owner  of  the  lands  on  which  they  are,  or  on  which  it  is  necessary  to  construct 
defensive  works  to  restrain  the  water,  must  either  make  the  repairs  or  constructions, 
or  permit  the  owners  of  lands  exposed  to  damage  to  make  them  without  prejudice 
to  him,  unless  the  special  police  laws  impose  the  duty  of  making  them  on  him;  this 
applies  to  cases  where  it  is  necessary  to  free  some  estate  frem  materials  which  impede 
the  course  of  the  water  to  the  damage  or  danger  of  third  persons;  all  owners  shmng 
in  the  benefits  of  such  works  must  contribute  to  their  cost  in  proportion  to  their 
interest,  in  the  opinion  of  exi>erts,  and  those  who  by  their  fault  occasion  the  damage 
are  liable  for  the  costs. 

The  owner  of  lands  on  which  there  is  a  natural  spring,  or  who  has  constructed  a 
flowing  well,  cistern  or  dam  to  retain  the  rain  water  on  his  property,  may  freely  dis- 
pose of  the  water;  if  surplus  waters  escape  onto  another  property,  the  owner  of  the 
Utter  may  acquire  the  ownership  of  them  by  the  lapse  of  10  years  from  the  time  he 
constructs  works  intended  to  facilitate  the  fall  or  flow  of  the  waters,  but  the  owner 
of  the  spring  or  dam  may  make  all  possible  use  of  the  waters  within  the  limits  of  his 
own  property;  he  is  not  liable  for  damages,  although  his  well  decreases  the  water  in 
that  on  other  property  (arts.  957-964, 
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Art.  269.  Public  and  navigahU  waters. — ^The  ownerehip  which  the  State  has  over 
waters  does  not  prejudice  the  rights  lawfully  acquired  therein  by  private  persons  or 
corporations  in  accordance  with  the  special  laws  in  record  to  public  property,  but 
the  exercise  of  such  rights  is  subject  to  the  following  limitations:  No  one  may  use 
the  waters  or  banks  of  rivers  in  such  way  as  to  obstruct  navigation,  nor  construct 
works  which  impede  the  free  passage  of  boats  or  rafts,  or  other  modes  of  river  trans- 
I)ortation,  nor  can  such  right  be  acquired  by  prescription  or  otherwise;  nor  can  any- 
one using  the  water  of  a  river  impede  the  use  of  the  water  necessary  for  the  supply 
of  towns  or  properties,  or  the  construction  of  works  necessary  to  obtain  it  in  the  way 
least  burdensome  to  the  owner  but  he  is  entitled  to  compensation  unless  the  inhab- 
itants have  acquired  the  use  of  the  water  by  prescription  or  other  lawful  title.  The 
provisions  of  the  code  in  regard  to  easements  of  waters  do  not  effect  the  rights  here- 
tofore legally  acquired  thereto;  but  the  owner  of  the  waters  can  not  change  their 
course  in  such  way  that  they  dam^e  others  by  overflow  or  otherwise  (arts.  965-968). 

Art.  270.  Conduction  of  water — Incidents. — Anyone  wishing  to  use  water  of  which 
he  may  dispose,  has  the  right  to  conduct  it  through  intermediate  properties,  except 
buildings  and  their  yards,  gardens,  and  other  dependencies,  upon  indemnifying  the 
owners  and  those  of  lower  lands  through  which  the  water  percolates  or  falls.  The 
person  making  use  of  such  right  must  construct  the  necessary  channel  through  the 
intermediate  properties,  although  there  are  canals  thereon  for  other  waters,  unless 
the  owner  of  the  latter  offers  their  use  without  disadvantage  to  the  former;  the  passage 
of  waters  must  also  be  permitted  across  the  canals  and  aqueducts  in  the  readiest  way, 
provided  that  the  course  and  volimie  of  the  water  in  the  latter  are  not  altered  or  the 
waters  of  the  two  are  not  mingled.  Where  it  is  necessary  to  carry  the  aqueduct 
through  a  public  road  or  stream,  permission  must  first  be  obtained  from  the  public 
authority  to  whose  inspection  it  is  subject,  which  permission  will  only  be  granted 
subject  to  the  police  r^ulations  and  on  condition  that  the  water  be  carried  across 
without  obstructing  or  damaging  the  road  or  stream;  if  without  such  permit  he  con- 
ducts the  water  or  spills  it  on  the  road,  he  must  restore  it  to  its  former  condition  and 
pay  all  damages  caused,  besides  being  liable  to  the  penalties  imposed  by  the  police 
regulations. 

Before  making  use  of  the  above  right,  the  party  claiming  it  must:  (1)  Prove  that 
he  has  the  right  to  dispose  of  the  waters  he  seeks  to  conduct;  (2)  show  that  the  passage 
which  he  asks  is  the  most  convenient  one  for  the  purposes  for  which  he  wants  to  use 
the  water;  (3)  that  it  is  the  least  burdensome  for  the  properties  through  which  it  is 
to  pass;  (4)  pay  the  value  of  the  land  which  the  canal  is  to  occupy,  as  estimated  by 
experts,  and  one-tenth  more;  (5)  indemnify  the  immediate  damages,  including  those 
resulting  from  dividing  the  servient  estate  into  two  or  more  parts,  and  any  other 
depreciation.  Where  the  servient  owner  offers  the  use  of  existing  canals,  the  party 
conducting  the  water,  must  pay,  in  proportion  to  its  volume,  the  value  of  the  canal 
and  the  costs  of  its  maintenance,  and  other  costs  caused  by  the  passage  of  the  water. 
The  amount  of  water  carried  through  a  canal  on  another's  land  is  only  limited  by  the 
capacity  of  the  canal,  and  it  may  be  amplified  upon  paying  the  costs  and  the  value 
of  the  land  taken  and  the  damages  caused.  These  provisions  apply  to  the  drainage 
of  swamp  lands. 

The  easement  of  waters  carries  with  it  the  right  of  passage  for  persons  and  animals 
and  the  carriage  of  materials  for  the  use  and  repair  ot  the  aqueauct  and  the  care  of 
the  water  conducted,  on  the  terms  provided  in  the  next  article.  The  concessions  of 
waters  made  by  competent  authority  are  presumed,  made  without  prejudice  to  other 
rights  previously  acquired.  Every  one  making  use  of  an  aqueduct  on  his  own  or 
other's  lands  must  construct  and  maintain  all  the  necessary  works  to  prevent  injury 
to  others,  and  if  there  are  several  interested,  they  will  all  contribute  to  the  expensed 
in  proportion  to  their  interest,  unless  otherwise  agreed  (arts.  970-987). 

The  Chairman.  The  greater  number  of  the  papers  on  this  program 
deal  with  approximately  the  same  general  subject.  It  would  seem, 
therefore,  advisable  for  us  to  combine  the  discussion  of  them.  This 
seems  particularly  advisable  in  view  of  the  fact  that  a  kindred  ques- 
tion, in  fact,  the  same  question  that  we  have  just  been  hearing  dis- 
cussed so  ably,  has  been  referred  to  this  congress  by  its  predecessor.  I 
shall  therefore  call  for  the  reading  of  Mr.  Halford  Erickson's  paper  on 
"State  regulation  of  water  powers"  arjd  that  of  Mr.  H.  W.  Buck  on 
"The  status  of  water  power  development." 
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STATE  REGULATION  OP  WATER  POWERS. 

By  HALPORD  ERICKSON, 
Former  Chairnum  Wiscoruin  Railroad  Commission, 

State  regulation  of  water  powers  is  too  comprehensive  a  subject  to  be  fully  described 
and  analyzed  in  this  paper.  All  I  shall  endeavor  to  do  in  this  respect  is  to  briefly 
outline  the  nature  and  importance  of  water  powers,  the  economic  and  legal  basis  upon 
which  they  may  be  regulated,  the  more  important  provisions  of  water  power  legisla- 
tion in  Wisconsin  and  the  work  performed  thereunder,  and  the  value  and  valuation 
of  such  powers.  Practically  all  States  in  the  Union  have  some  sort  of  water-power 
regulation.  This  regulation,  while  it  differs  from  State  to  State  in  scope  and  methods 
of  administration.  Is  based  upon  similar  principles.  Wisconsin  has,  perhaps,  pro- 
gressed as  far  in  this  line  of  regulation  as  any  of  the  States,  and  the  work  in  this  respect 
in  this  State  is  a  good  example  of  the  nature  and  trend  of  such  r^ulation  throughout 
the  Nation. 

The  importance  of  the  water  powers  in  Wisconsin  has  been  variously  estimated. 
It  is  probable  that  they  amount  to  about  504,000  horsepower,  of  which  about  247,000 
horsepower  are  developed  and  about  257,000  horsepower  undeveloped.  These  esti- 
mates are  based  on  wheel  capacity,  as  far  as  the  developed  power  is  concerned,  and 
upon  the  power  that  can  be  furnished  about  75  per  cent  of  the  year  for  the  undeveloped 
X)ower.  Nearly  one-half  of  the  water  power  in  the  State  has  thus  been  developed,  and 
in  this  half  is  undoubtedly  included  the  greater  proportion  of  the  best  powers  in  the 
State.  A  considerable  proportion  of  this  developed  power  is  used  at  the  fall  by  paper 
and  other  mills.  The  balance  is  converted  into  electric  energy,  which  is  frequently 
transmitted  considerable  distances  and  used  for  lighting  and  power  purposes. 

The  amount  of  power  in  the  streams  in  this  State  depends  upon  the  seasons  and 
upon  the  rainfall  and  other  conditions.  During  periods  of  high  water  the  power 
amoimts  to  many  times  as  much  as  during  periods  of  low  wat«r.  Storage  reservoirs 
have  been  developed  to  some  extent,  and  there  are  other  places  in  the  State  where  the 
topography  and  the  prices  of  land  are  such  as  to  make  further  developments  of  this 
kinii  practicable.  Several  of  the  larger  powers  are  also  making  effective  use  of  rather 
extensive  pondage  facilities.  These  variations  in  the  amount  of  water  in  addition 
to  the  possibilities  of  breakdowns  of  transmission  lines  make  steam  reserves  at  some 
point  on  the  transmission  lines  necessary.  This  is  especially  true  when  the  energy  is 
used  for  public  utility  piuposes. 

In  the  demand  or  use  for  power  there  are  also  great  variations  not  only  as  between 
the  seasons,  but  as  between  the  hours  of  the  day.  The  lighting  and  traction  load  are 
heaviest  in  the  evening  and  before  the  power  load  is  off.  The  result  of  such  peak 
demands  for  power  is  that  the  plants  must  have  a  much  greater  capacity  than  would 
be  needed  if  the  demand  was  steady  throughout  each  day.  In  fact  few  plants  furnish 
as  much  as  50  per  cent  of  all  the  power  they  could  generate  under  a  constant  capacity 
demand .  Conditions  of  this  kind  are  also  largely  responsible  for  the  fact  that  for  water- 
power  plants  interest  and  depreciation  charges  make  up  a  comparatively  large  pro- 
portion of  the  total  cost  of  the  energy  produced.  The  severe  effects  of  the  peak  de- 
mands, however,  can  in  many  cases  be  to  some  extent  offset  by  connecting  up  several 
power  plants  with  each  other  or  with  the  same  transmission  lines. 

The  power  residing  in  falling  water  was  utilized  in  India  in  a  crude  way  at  least 
1,000  years  before  the  Christian  era.  Quite  generally  in  the  centmes  preceding  the 
immediate  modern  era  riparian  owners  have  utilized  in  a  local  way  their  power  rights. 
With  the  development  of  trade,  however,  these  rights  have  had  to  give  way  to  the 
superior  right  of  navigation.  So  long  as  coal  was  plentiful  and  cheap  the  production 
of  steam  power  grew  apace  and  water  powers  were  neglected.  During  the  past  two 
decades,  however,  the  use  of  water  power  has  been  considerably  extended.    This 
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extension  would  not  have  been  possible  had  not  engineering  science  developed  the 
technical  means.  One  of  the  chief  inventions  upon  which  the  modem  production  of 
hydraulic  power  is  founded  relates  to  improvements  in  the  water  wheels.  Two  classes 
of  turbines  are  now  generally  in  use,  one  designed  for  large  quantities  of  water  and 
small  heads,  the  other  for  big  falls  and  small  quantities  of  water;  but  water  powers 
could  never  have  been  utilized  beyond  the  localities  of  its  production  or  even  to  its 
fullest  extent  in  these  without  the  development  of  electrical  science  and  apparatus, 
such  as  generators  and  transformers  and  the  improvement  made  in  transmission  lines. 
Electric^  energy  is  also  adapted  to  large  installations  and  in  addition  has  the  inesti- 
mable advantage  of  ready  subdivision.  It  can  be  delivered  in  small  quantities  for 
lighting  and  household  piurposes  and  in  small  or  large  quantities  for  industrial  pur- 
poses. A  third  mechanical  development  essential  to  the  production  of  water  power 
consists  of  improvements  in  the  methods  of  construction  of  dams  and  reservoirs. 

Construction  costs  increase  in  greater  proportion  with  increases  in  the  quantity 
of  water  than  the  power  generation.  This  nutkes  the  fall  the  important  factor.  As 
has  already  been  estimated,  uniformity  in  the  flow  of  streams,  which  in  turn  depend 
on  the  regularity  of  precipitation,  and  the  ease  with  which  the  water  runs  off  is  exceed- 
ingly important  since  it  affects  the  economic  size  of  the  installation  and  the  cost  of 
the  power  that  is  produced.  Inequality  of  rainfall  and  in  the  nm-offs  may  to  some 
extent  be  offset  by  artificial  reservoirs  and  the  conservation  of  forests  at  the  head- 
waters. While  such  reservoirs  and  such  conservation  are  also  important  as  parts  of 
drainage  and  irrigation  projects  and  as  protection  against  damage  &om  floods,  they 
are  costly  and  can  not  often  be  undertaken  on  a  laige  scale  by  private  parties. 

ECONOMIC  BASIS  FOR  REGULATION. 

But  the  utilization  of  water  powers  is  as  much  an  economic  as  a  technical  problem. 
In  producing  power  the  energy  of  falling  water  has  its  chief  competitors  in  coal  or 
steam  power.  This  competition  may  therefore  be  said  to  be  limited  to  the  two  natural 
agents,  water  and  steam  coal.  Coal  has  the  advantage  of  ease  of  transport  and  storage 
and  is  at  a  disadvantage  in  this,  that  in  a  sense  it  is  limited  in  supply,  and  also  in  this, 
that  its  cost  of  production  is  constantly  growing  higher.  \Mule  the  coal  production 
in  the  most  important  countries  has  increased  tenfold  in  50  years  (in  the  United  States 
even  fortyfold),  the  price  of  coal  has  nearly  doubled  within  the  last  20  years.  In  addi- 
tion, transportation  costs  will  often  more  than  treble  the  price  of  the  coal  at  the  mines. 
The  cost  of  power  generated  by  coal,  therefore,  appears  to  be  increasing,  and  this 
tendency  will  probably  continue  in  the  future  unless  offset  by  improvements 
in  steam  generation. 

On  account  of  the  adaptability  of  coal  for  household  purposes,  and  its  increasing 
cost  for  industrial  purposes,  considerable  sentiment  has  arisen  looking  toward  the 
conservation  of  coal  supplies  and  the  substitution  so  far  as  possible  of  water  power  for 
8team  power  for  lighting  and  industrial  purposes.  It  is  argued  that  there  would  be 
mot  only  a  social  saving  in  the  coal  supply  but  in  many  cases  at  least  a  private  gain 
in  the  substitution  of  a  cheaper  power.  It  is  estimated  that  in  the  United  States 
about  15,000,000  horsepower,  or  not  far  from  one-half  of  the  entire  amount  of  power 
used  for  industrial  purposes,  could  be  produced  by  water.  At  the  rate  of  10  tons  of 
coal  per  horsepower  this  would  represent  a  social  saving  of  150,000,000  tons  annually. 

Dr.  C.  R.  Van  Hise  writes  as  follows  upon  this  question:  **The  problem  of  con- 
servation with  reference  to  water  is  its  fullest  utilization.  In  1908  there  were  devel- 
oped in  the  United  States  5,356,680  horsepower,  while  the  theoretical  estimate  of  the 
primary  or  minimum  horsepower  is  36,906,200.  It  is  said  that  this  minimum  exceeds 
the  total  mechanical  power.  The  average  installation  has  also  increased,  especially 
since  the  economics  of  laige  installation  have  become  manifest.  Economical  means  of 
transmitting  current  have  also  been  developed  until  the  maximum  in  the  United  States 
is  300  miles.  The  area  of  a  circle  of  the  radius  of  300  miles  represents  270,000  square 
miles  of  territory." 
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Water  poweis  almost  everywhere  are  monopolistic  in  their  nature.  Most  of  them  are 
in  fact  controlled  by  those  who  also  control  the  public  utilities  which  they  serve. 
Tae  conditions  which  surround  water  powers  are,  for  the  most  part,  such  that  the 
quality  of  the  service  they  render  and  the  rates  charged  for  this  service,  including 
other  matters,  can  seldom,  if  ever,  be  fully  regulated  by  the  forces  of  free  and  active 
competition. 

It  is  frequently  argued  that  since  water  powers  are  fixed  as  to  location  and  are 
laigely  the  result  of  contributing  drainage  areas,  the  products  of  such  powers  should 
as  a  rule  be  sold  or  used  at  such  location  or  within  such  territory.  While  this  position 
may  not  in  all  cases  be  in  line  with  economic  theories,  or  with  the  most  promising 
returns  from  a  business  point  of  view,  it  is  nevertheless  a  matter  that  can  not  always 
be  safely  disr^arded. 

Private  development  of  water  powers  has  not  always  resulted  in  as  effective  use 
of  this  power  as  would  be  desirable.  In  some  cases  this  is  due  to  lack  of  proper  infor- 
mation as  to  the  volume  of  the  flow  and  the  source  of  the  water  and  the  failure  to  prop- 
erly adjust  the  improvements  to  the  character  of  the  power.  In  other  cases  again 
it  is  due  to  other  defects  in  the  improvements  put  in  and  the  equipment  provided. 
Wastes  arising  from  such  causes  can  only  be  prevented  by  careful  investigationa 
covering  the  streams  and  their  tributaries,  the  location  of  the  power,  the  kind  of 
improvements  and  equipment  that  is  best  adapted  to  the  conditions  made  by  com- 
petent experts  whose  suggestions,  plans,  and  specifications  are  carefully  carried  out. 
Many  of  the  conditions  that  should  be  given  weight  in  this  connection  are  in  fact  of 
such  nature  that  they  can  not  very  well  be  determined  by  private  parties  or  be  ade- 
quately dealt  with  by  anyone  but  the  State. 

The  facts  and  conditions  just  outlined  are  largely  responsible  for  Government 
regulation  of  water  powers.  In  other  words,  the  importance  of  conserving  natural 
resources  through  the  proper  use  of  flowing  water  for  power,  the  danger  to  the  general 
well-being  from  permitting  needed  service  to  be  furnished  without  legal  restrictionB 
in  a  field  where  free  competition  does  not  obtain,  the  fact  that  questions  are  con- 
stantly arising  as  to  what  locality  and  what  persons  should  derive  such  benefits 
as  may  arise  from  the  use  of  water  powers,  the  importance  of  employing  the  best, 
aafest,  and  most  approved  methods  in  connection  with  the  construction  of  dams, 
power  houses  and  their  equipment,  reservoirs,  and  other  structures  as  well  as  in  the 
operation  or  use  of  such  equipment  and  other  facts  of  this  nature,  has  led  not  only 
to  a  general  demand  for  the  Government  regulation  of  water  powers,  but  it  also 
furnishes  the  basis  upon  which  such  regulation  is  justified. 

This  demand  and  necessity  for  the  regulation  of  water  powers  has  not  been  without 
result.  It  has,  among  other  things,  led  to  a  certain  amount  of  State  regulation  of  such 
powers.  The  character,  as  well  as  the  tendency  of  such  State  regulation,  would  on 
the  whole  seem  to  be  fairly  well  represented  by  what  has  been  done  in  this  respect 
in  the  State  of  Wisconsin.  In  this  State,  for  instance,  several  comprehensive  laws 
have  been  enacted  upon  this  subject.  The  main  provisions  in  these  laws  may  be 
grouped  under  three  heads.  First,  provisions  are  made  for  the  method  of  making 
grants  of  franchises  or  permits  to  those  who  desire  to  erect  structures  and  conduct 
operations  in  the  streams  that  are  a  part  of  the  State's  highways.  Second,  there  are 
more  or  less  limited  provisions  for  placing  water-power  developments  under  the  regu- 
latory provisions  of  the  railroad  and  public-utility  laws  of  the  State.  Finally,  there 
are  broad  provisions  for  the  regulation  of  water  levels  and  for  the  protection  as  to  the 
safety  of  life  and  property. 

The  principles  involved  in  such  regulations  are  not  new,  nor  are  examples  of  such 
regulation  difficult  to  find.  The  safety  of  persons  and  property  is  protected  in  most 
lines  of  industry.  The  conditions  upon  which  franchises  may  be  granted,  adequate 
service  and  reasonable  rates  determined,  and  much  other  work  carried  on  is  often 
prescribed  by  law  in  the  public  utility  and  other  fields.    Through  legislation  of  this 
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nature  when  applied  to  water  powers  the  State  simply  endeavors  to  bring  about  con- 
ditions that  are  just  and  equitablei  and  to  wisely  conserve  for  the  benefits  of  its  people 
those  natural  resources  which,  directly  or  indirectly ,  now  or  in  the  future,  minister 
to  their  well-being. 

Such  State  r^;ulation  as  that  outlined  is  usually  carried  out  through  an  administra- 
tive  commission  or  board.  In  Wisconsin,  for  instance,  the  railroad  commission  is 
charged  with  the  duties  of  administering  the  railroad  and  public-utility  as  well  as  the 
water-power  laws. 

LBOAL  BASIS  FOR  RBOULATION. 

The  origin  of  the  public  rights  in  navigable  waters  in  the  United  States  is  to  be 
found  in  the  English  common  law  under  which  navigable  waters,  both  tidal  and  other- 
wise, are  public  for  all  purposes.  Congress  is  given  control  over  navigable  waters, 
which  are  interstate  highways  by  the  commerce  clause  of  the  Federal  Constitution. 
Even  navigable  streams  entirely  within  a  State  are  subject  to  the  complete  control  of 
Congress,  though  in  the  absence  of  congressional  legislation  States  have  plenary  power 
over  them.  In  order,  however,  to  bring  such  streams  within  the  scope  of  Federal 
control  direct  legislation  is  now  necessary. 

In  the  absence  of  any  Federal  control  the  State  usually  has  the  right,  or,  in  a  sense, 
title,  to  the  beds  of  all  lakes,  ponds,  navigable  rivers  and  the  waters  thereof,  and  has 
the  authority  to  grant  or  refuse  to  grant  a  franchise  or  permit  for  the  development 
of  a  water  power,  and  may  also  within  constitutional  limits  prescribe  the  terms  upon 
which  any  right  under  such  franchise  shall  be  exercised.  This  authority  on  the 
part  of  the  State  is  also  largely  based  upon  its  police  power,  a  power  that  is  always  in 
reserve  to  control  persons  and  property  whenever  public  welfare  requires  it. 

The  nature  of  the  police  power  is  comprehensive  and  its  effect  upon  conditions  when 
fully  applied  may  be  far-reaching.  The  police  power  has  been  defined  as  ''nothing 
more  nor  less  than  a  name  for  the  residual  powers  of  sovereignty  after  shearing  off  the 
powers  of  taxation  and  eminent  domain.''  Justice  Marshall,  in  the  Rossmiller  case, 
114  Wis.,  169),  has  given  a  close  definition  of  the  police  power  as  applied  to  navigable 
waters.  "This  power,"  he  says,  ''is  limited  to  the  enactment  and  enforcement  of 
such  reasonable  police  r^;ulation  as  may  be  deemed  necessary  to  preserve  the  common 
right  of  all  to  enjoy  the  same  for  navigation  by  boats  or  otherwise,  and  all  incidents  of 
navigable  waters,  including  the  taking  of  ice  therefrom  for  domestic  use  or  sale." 
Judicial  decisions  generally  indicate  that  police  power  is  the  doctrine  of  the  preser- 
vation through  legislative  enactment  of  the  paramount  public  interest  as  against  pri- 
vate interests.  What  constitutes  paramount  public  interest  is  a  question  of  l^lsla- 
tive  discretion  and  judicial  sanction.  It  is  the  flexible  doctrine  of  the  public  welfare 
under  dynamic  conditions.  It  includes  the  preservation  of  the  public  health,  public 
safety,  public  morals,  and  even  economic  and  social  well-being. 

The  power  of  such  regulation  may  by  the  legislature  be  delegated  to  an  adminis- 
trative board  or  commission  created  for  the  purpose  of  protecting  public  interests 
under  the  law.  One  of  the  best  statements  of  the  nature  and  scope  of  the  power  del- 
egated to  such  a  body  is  that  of  Judge  Winslow,  in  Sorgnis  v.  Falk  Co.  (147  Wis.,  327). 
It  was  contended  in  this  case  that  the  workman's  compensation  act  conferred  judicial 
powers  on  the  industrial  commission  and  hence  was  unconstitutional.  The  court 
said: 

It  IB  an  administrative  body  or  arm  of  the  Gk>vemment,  which,  in  the  course  of  its 
administration  of  a  law,  is  empowered  to  ascertain  some  questions  of  fact  and  apply 
the  existing  law  thereto,  and  m  so  doing  acts  quasi  judicially,  but  it  is  not  thereby 
vested  with  judicial  power  in  the  constitutional  sense. 

niere  are  many  such  administrative  bodies  or  commissions,  and  with  the  increas- 
ing complexity  of  modem  government  thev  seem  likely  to  increase  rather  than 
diminish.  Examples  may  be  oaaly  thought  of— town  boc^s,  boards  of  health, 
boards  of  review,  boards  of  equalization,  railroad -rate  commissions,  and  public-utilty 
commissions  aU  come  within  this  class.  They  perform  very  important  duties  in  our 
scheme  of  government,  but  they  are  not  legislatures  or  courts.    The  legislative  branch 
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of  the  ffovemment  by  statute  detenninee  the  rights,  duties,  and  liabilities  of  per- 
80D8  and  corporations  under  certain  conditions  of  fact,  and  varying  as  the  facts  and 
conditions  change.  Manifestly  the  legislature  can  not  remain  m  session  and  pass  a 
new  act  upon  every  change  of  conditions,  but  it  may,  and  does,  commit  to  an  admin- 
istrative board  the  duty  of  ascertaining  when  the  facts  exist,  wnich  call  into  activity 
cwtain  provisions  of  the  law,  and  when  conditions  have  changed  so  as  to  call  into 
activity  other  provisions.  The  law  is  made  by  the  legislature;  the  facts  upon  which 
its  operation  is  dependent  are  ascertained  by  the  administrative  boaras.  While 
acting  within  the  scope  of  its  duty  or  its  jurisdiction,  as  it  is  sometimes  called,  such 
a  board  may  lawfully  be  endowed  with  very  broad  powers,  and  its  conclusions  may 
be  given  great  dignity  and  force,  so  that  courts  may  not  reverse  them,  unless  the  proof 
be  clear  and  sati^actory  that  they  are  wrong. 

In  connection  with  the  regulation  of  water  power,  one  of  the  important  questions 
to  be  determined  is  when  streams  are  in  fact  navigable  for  any  purpose.  The  pre- 
vailing position  of  this  question  is  well  expressed  by  Judge  Cole,  in  A.  C.  Com.  Go. 
V.  Little  Suamico  L.  M.  Co.  (74  Wis.,  655): 

The  real  test  to  determine  whether  the  stream  is  a  pubUc  highway  is  not,  in  fact, 
that  it  has  been  meandered  and  returned  as  navigable,  but  wnether  it  is  navigable 
in  fact — capable  of  being  used,  and  actually  used  for  floating  lumber  and  logs  and 
other  ^products  of  the  country  to  mill  and  market.  If  it  is,  it  is  then  a  public  high- 
way. So  that  where  a  stream  is  in  fact  usefully  navigable  in  this  matter,  all  the  rights 
of  the  public  attach,  and  no  obstruction  can  be  placed  therein  without  legidative 
permission. 

While  public  waters  have  in  the  past  been  used  mainly  for  navigation,  fishing, 
and  ice  production,  public  rights  are  being  extended  by  law  to  other  uses.  In  Sprague 
V.  Minon  (195  Mass.,  581),  the  court  upheld  the  right  of  a  water  and  sewage  board  in 
forbidding  boating  upon  a  lake  without  a  license  from  the  board.  The  plaintiff  was  a 
riparian  owner  and  was  relying  upon  the  public  right  of  navigation.  But  the  court 
held  that  the  legislature  was  within  its  power  ''on  the  ground  that  a  safe  and  advan- 
tageous use  of  the  water  for  drinking  and  for  other  domestic  purposes  would  be  best 
promoted  by  terminating  this  former  public  right  and  putting  the  property  in  the 
control  of  the  water  board."  In  Anthony  Falls  Pow«r  Company  v.  Board  of  Water 
Commisaioners  of  City  of  St.  Paul  (168  U.  S.,  349)  the  United  States  Supreme  Court 
held  that  the  city  was  within  its  right  in  taking  water  for  city  use  from  above  plaintiff's 
power  plant,  since  the  right  of  the  State  to  control  navigable  waters  extended  beyond 
the  mere  power  to  preserve  the  use  of  these  waters  for  navigation  only. 

That  the  legislature  may  even  have  a  right  to  declare  some  single  use  paramount 
to  all  other  uses,  is  indicated  in  Merwin  v,  Houghton  (146  Wis.,  598),  when  the  court 
says: 

The  public  rights  of  navigation  and  of  fishing  both  exist  in  the  navigable  waters 
of  the  State,  each  independent  of  the  other,  and  the  State  holds  title  to  the  beds  of 
sudh  waters  in  trust  for  such  public  purposes.  The  State  also  has  the  power,  as  such 
trustee  for  the  public,  to  so  regulate  the  public  uses  of  navigable  waters  as  to  best 
accompUsli  and  promote  the  public  interests.  The  legislature  has  provided  that 
drainage  may  be  undertaken,  if  they  promote  the  public  health  or  general  welfare. 
To  accomplish  this  in  regions  connectcKi  with  navigable  water  may,  in  some  respect, 
affect  the  public  rights  of  navigation  and  fishing. 

Prof.  £.  A.  GilmOTe,  in  "Riparian  Rights  in  Wisconsin''  (S.  Doc.  No.  60),  discusses 
the  power  of  the  State  to  control  the  private  use  of  navigable  waters  in  accordance  with 
the  public  interest.  Referring  to  Chief  Justice  Dixon's  opinion  in  Wisconsin  River 
Improvement  Company  i;.  Lyon  (30  Wis.,  61),  where  action  had  been  by  plaintiff 
company  to  enjoin  defendant  company  from  erecting  a  dam  on  the  Wisconsin  River 
at  a  point  where  plaintiff  was  improving  navigation,  and  the  dam  would  seriously 
impair  navigation  while  defendant  claimed  it  would  aid  navigation,  and  where  the 
court  had  held  for  the  plaintiff,  Prof.  Gilmore  says: 

Qcance  of  the  case  lies  in  this:  If  the  public  right  extends  only  to  navi- 

tien  the  defendant's  contention  should  have  been  sustained,  because  the 

68436— 17— VOL  vi 16 

Digitized  by  VjOOQIC 


230       PROCEEDINGS  SECOND  PAN  AMEBIOAN  SODBNTIPIO  CONGRESS. 

trial  court  found  as  a  fact  that  defendant's  dam  would  not  obstruct  navigation,  and 
therefore  he  ^ould  have  been  permitted  to  maintain  it.  In  deciding  that  the  dam 
could  not  be  maintained,  irrespective  of  whether  or  not  it  interfered  with  naviea- 
tion,  the  coiurt  in  effect  aecided  that  the  public  right  of  use  extended  bevond  the 
use  of  the  stream  for  navigation.  *  ♦  *  The  effect  of  the  decision  is  clear.  It 
establishes  the  right  of  the  State  to  forbid  any  obstruction  in  the  navigable  river, 
irrespective  of  its  effect  on  navigation. 

Upon  the  question  of  placing  water  power,  in  so  far  as  applicable  under  such  regu- 
lation as  that  provided  by  the  public  utility  law.  Prof.  Gilmore  says: 

The  grant  of  the  right  of  eminent  domain  to  develop  water  power'to  be  used  for 
private  purposes  would  confer  the  right  to  take  private  property  to  promote  a  private 
use.  If  the  past  grants  of  eminent  domain  are  to  be  siistamed,  it  must  be  on  one  or 
both  of  these  grounds:  (1)  The  improvement  of  a  navigable  stream  for  navigation  is 
a  public  purpose  and  can  therefore  be  aided  by  eminent  domain;  (2)  The  develop- 
ment of  water  power  to  be  used  in  manufacturing  and  industrial  pursuits  is  a  pubbc 
purpose,  and  can  therefore  be  aided  by  eminent  domain.  The  second  ground  is  the 
one*on  which  the  mill  act  of  Wisconsin  is  based. 

It  is  seldom  that  any  power  development  is  possible  through  a  fall  in  the  stream 
within  the  limits  of  a  single  riparian  ownership.  The  rights  of  a  riparian  owjier  to 
use  the  power  residing  in  the  water  are  well  defined  by  Justice  Gray  in  Head  v.  Amos- 
keagMfg.  Co.  (113U.  S.,  9): 

The  right  to  use  the  running  wat^r  is  i)ublici  juris,  and  common  to  all  the  proprietors 
of  the  b^  and  banks  of  the  stream  from  its  source  to  its  outlet.  Each  has  a  right  to  the 
reasonable  use  of  the  water  as  it  flows  past  his  land,  not  interfering  with  a  like  reason- 
able use  by  those  above  or  below  him.  One  reasonable  use  of  the  water  is  a  use  of  the 
power  inherent  in  the  fall  of  the  stream,  and  the  force  of  the  current,  to  drive  mills. 
That  power  can  not  be  used  without  damming  up  the  water  and  then  by  causing  it  to 
flow  back. 

Thus  it  is  seen  that  in  the  development  of  water  power  riparian  rights  are  neces- 
sary in  order  to  effect  the  construction  of  a  dam.  These  rights  may  be  acquired  by 
purchase  and  lease  or  in  case  of  a  public  purpose  through  eminent  domain  upon 
condemnation  and  the  payment  of  a  compensation.  In  addition  the  consent  of  the 
State  is  required  in  order  '^to  intrude  into  the  navigable  stream"  which  may  couple 
its  permit  with  such  conditions  within  constitutional  limits  as  it  deems  necessary 
in  protecting  the  public  interest.  The  concurrence  of  private  right  and  public 
permit  make  possible  the  development  of  water  power. 

Of  the  water  power  development  of  the  past,  that  for  purposes  of  small  manufactur- 
ing has  been  the  most  important.  The  nimierous  miUdam  acts,  though  originally 
intended  for  grist  and  sawmills,  were  extended  to  mills  of  all  kinds.  The  power  of 
eminent  domain  was  granted  in  order  to  acquire  flowage  rights,  and  the  granting  of 
this  power  was  upheld  on  the  groimd  that  such  taking  of  private  property  was  for  a 
public  purpose.  Lewis  (Eminent  Domain,  sec.  275)  says  with  respect  to  the  mill- 
dam  acts: 

Prior  to  the  Revolution  before  courts  of  the  country  were  called  on  to  adjudicate 
upon  the  question  of  public  use,  it  had  been  the  practice  (as  early  as  1718  in  Massa- 
chusetts) to  permit  building  of  dams  and  providing  statutory  adjudications  of  damages 
for  property  flowed.  After  the  Revolution  and  the  adoption  of  State  constitutions, 
the  practice  was  continued — ^no  question  being  raised  as  to  the  constitutionality. 
When  the  question  was  raised,  the  practice  was  so  well  establi^ed  that  it  was  not 
considered  by  the  courts  wise  to  disturb  it. 

In  most  States  water  mills  for  CTist  and  lumber  were  r^ulated  by  law  and  compelled 
to  serve  the  public  at  reasonable  tolls  and  without  discriminaton.  In  other  words, 
after  1714  in  Massachusetts,  and  later  in  other  colonies,  statutes  were  passed  which 
recognized  the  public  use  of  saw  and  nistmiUs  and  provided  for  flowage  damages. 

Later,  when  the  constitutionality  of  these  laws  were  called  in  question,  the  courts 
in  some  States  declared  them  unconstitutional  because  they  involved  taking  private 

Eroperty  for  private  use,  while  other  States,  among  them  Wisconsin,  stood  by  the 
>ng-established  prftctice  of  considering  milldams  as  public  use. 
The  practice  of  recognizing  milldams  as  a  public  use  is  the  only  logical  one  upon 
which  to  base  the  right  of  flowage  by  milldam  owners. 
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WATER-POWER  LEGISLATION  IN  WISCONSIN. 

Wisconsin  has  enacted  several  laws  for  the  regulation  of  water  power.  The  most 
conspicuous  of  these  laws  are  the  three  acts  of  1911,  1913,  and  1915.  Previously  to 
the  enactment  of  these  three  laws,  the  method  of  granting  franchises  or  rights  which 
affected  navigation  was  through  special  enactments.  Any  one  who  desired  to  con- 
struct a  dam  in  a  stream  was  obliged  to  come  to  the  legislature  and  have  a  special  bill 
passed  for  his  benefit.  In  the  three  laws  just  mentioned,  however,  were  embodied 
general  provisions  for  obtaining  water-power  franchises,  thus  doing  away  with  the 
necessity  of  obtaining  special  enactments  for  this  purpose.  This  development  in 
water-power  legislation  thus  resembles  general  incorporation  acts.  In  the  latter 
field  the  old  and  cimibersome  methods  of  granting  charters  to  corporations  directly 
by  the  legislature  has  been  superseded  by  the  general  incorporation  acts  through 
which  charters  are  now  granted  through  an  administrative  department. 

The  law  of  1911  and  the  acts  which  followed  it  in  1913  and  1915  cover  the  entire 
ground  that  has  already  been  outlined.  They  are  also  primarily  based  upon  the 
same  fundamental  principles  that  underlie  the  railroad  and  public  utility  laws  of 
the  State,  namely  that  those  businesses  in  which  the  public  has  an  interest  because  of 
their  close  concern  with  the  public  welfare,  and  because  of  their  tendency  to  mono- 
polistic control,  should  be  subject  to  such  regulation  as  will  safeguard  the  interest  of 
the  public. 

The  law  of  1911  wait  even  further  than  this.  This  law  in  effect  asserted  Sta^e 
ownership  of  the  water  power  and  in  a  sense  attempted  to  regulate  them  as  though 
the  use  of  them  by  private  interests  was  a  privilege  to  be  granted  or  withheld  as  the 
State  saw  fit,  rather  than  a  matter  of  right.  This  idea,  like  the  idea  of  sharing  profits 
with  the  State,  which  has  also  been  much  discussed  in  connection  with  these  laws, 
is  probably  based  upon  the  assumptions  that  the  water  power  of  the  State  are  great 
natural  resources,  and  since  these  resources  are  not  due  to  man's  inventive  or  median- 
ical  genius,  but  the  forces  of  nature,  which  make  the  advantages  of  water  power 
possible,  no  man  or  set  of  men  should  claim  private  title  to  the  water  power  of  the 
State.  This  law,  however,  was  declared  imconstitutional  by  the  Wisconsin  Supreme 
Court  because  it  deprived  the  owners  of  property  without  due  process  of  law,  because 
it  authorized  the  taking  of  private  property  for  private  purposes,  and  because  it  took 
property  without  just  compensation. 

In  the  law  of  1913,  however,  practically  all  traces  of  the  State's  claim  to  proprietor- 
ship of  the  water  power  was  eliminated  except  as  to  those  provisions  under  which 
the  State  reserves  the  right  to  claim  ownership  at  a  future  time.  The  constitution- 
ality of  this  law  was  never  determined,  but  under  its  provisions  development  of  water 
power  by  owners  of  the  sites  was  thought  to  be  out  of  the  question.  During  the 
two  years  this  law  remained  in  effect,  practically  no  new  water-power  developments 
were  started  in  the  State.  The  reasons  assigned  for  this  were,  first,  that  every  owner 
of  a  water-power  site  was  compelled  to  transfer  his  ownership  of  the  site  to  a  public- 
service  corporation  pledged  to  sell  the  power  to  the  public  and  to  come  under  the 
provisions  of  the  utility  acts,  before  a  permit  to  develop  could  be  obtained;  second, 
that  if  the  property  were  taken  over  by  the  State  or  municipality  after  being  developed 
the  compensation  to  be  paid  for  such  property  could  not  include  any  value  which 
the  site  might  have  because  it  was  a  power  site.  While  it  is  true  that  no  important 
water  powers  were  developed  under  this  law,  it  is  not  certain  that  this  was  alone 
due  to  any  provisions  therein.  There  are  several  other  causes  which  also  may  have 
contributed  to  the  same  result.  The  period  in  question,  for  instance,  was  one  of 
industrial  and  commercial  depression.  Capital  was  timid  and  difficult  to  obtain— 
at  least  for  new  enterprises.  Most  of  the  more  promising  water  powers  in  the  State 
have  already  been  developed  or  were  under  development.  Furthermore,  there  was 
also  gioimd  for  thinking  that  the  more  drastic  provisions  in  the  law  would  before 
long  be  modified  or  elimioated.  This  law  was  superseded  by  the  water-power  law 
of  1915. 
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The  trameiB  of  the  law  of  1915  sought  to  avoid  the  unconstitutioiial  features  of  the 
law  of  1911,  as  well  as  many  of  those  provisions  in  the  law  of  1913,  which  were  deemed 
to  have  hindered  the  development  of  water  power.  The  1915  law,  which  is  now  in 
effect,  is  in  fact  an  attempt  to  assert  the  control  of  water  power  in  pubUc  interests 
and  at  the  same  time  promote  their  development.  It  carries  in  it  the  thdught  that 
the  conservation  of  such  powers  is  best  brought  about  through  their  development. 
As  this  law  is  now  in  force  some  of  its  more  important  provisions  will  be  briefly 
summarized. 

The  test  of  navigableness  applied  by  the  courts  is  made  a  part  of  the  law.  Not  only 
are  all  rivers  and  streams  meandered,  but  also  those  nonmeandered  which  are  navigable 
in  fact  for  any  purpose,  declared  to  be  navigable  and  no  dam,  bridge,  or  other  obstruc- 
tion nuty  be  erected  without  the  permission  of  the  legislature.  To  the  Railroad  Com- 
mission of  Wisconsin  is  delegated  full  power  to  regulate  and  control  the  level  and 
flow  of  all  navigable  streams,  and  fix  the  levels  of  water  that  may  be  maintained 
"by  any  dam  heretofore  or  hereafter  constructed  and  maintained  in  navigable  waters. " 

The  commission  is  also  given  authority  to  determine  reasonable  methods  of  con- 
struction, operation,  maintenance,  and  equipment  for  the  purpose  of  protecting  *'all 
public  rights  in  navigable  waters"  and  ''so  as  to  protect  life,  health,  and  property." 
All  powers  devolving  upon  the  commission  under  the  law  regulating  public  utilities 
and  which  are  applicable  to  water  powers  are  likewise  conferred. 

Unlike  the  law  of  1913  the  commission  may  grant  permits  for  the  development  of 
hydraulic  power  for  private  use  as  well  as  public  use.  Municipalities  too  miist  obtain 
permits  to  build  dams,  for  the  development  of  power,  even  within  their  own  bound- 
aries. 

Any  person,  firm,  corporation,  or  municipality  applying  for  a  permit  to  construct, 
operate,  and  maintain  a  dam  must  file  a  written  application  setting  forth  (1)  name  of 
stream  and  location  of  proposed  site;  (2)  the  purpose  or  purposes  for  which  the  dam 
is  to  be  used;  (3)  if  for  a  private  purpose,  evidence  that  the  dam  site  is  owned  by 
applicant;  (4)  a  general  description  of  construction  proposed;  (5)  approximate  amount 
of  power  to  be  developed ;  (6)  location  of  nearest  city  or  village,  and  nearest  dam  above 
or  below;  (7)  map  showing  lands  that  may  be  affected  by  flowage  and  approximate 
outline  of  such  flowage,  and  indicating  owners  of  tracts  to  be  affected;  (8)  such  addi- 
tional information  as  the  commission  may  require. 

An  applicant  for  an  original  permit  must  in  addition  file  proposal,  first,  that  the 
commission  before  granting  the  permit  shall  value  the  dam  site  and  other  property 
involved,  and  state  whether  the  dam  site,  flowage  rights,  etc.,  are  owned  by  him; 
second,  he  must  authorize  the  commission  to  audit  all  outlays  for  the  development; 
third,  that  the  State,  if  it  have  the  right,  or  any  municipality,  on  not  less  than  a  year's 
notice  after  the  expiration  of  30  years  may  acquire  the  property  by  paying  therefore 
the  cost  of  reproduction  in  its  existing  condition,  and  the  value  of  the  dam  site, 
flowage  rights,  etc.,  as  determined  by  the  commission  before  issuing  the  permit,  plus 
the  cost  of  any  additional  flowage  rights  secured;  and  that  the  permit  be  accepted 
subject  to  these  conditions.    No  value  shall  attach  to  the  permit. 

The  permit  is  granted  after  hearing,  and  the  notice  of  the  same  must  be  published 
in  newspapers  in  counties  where  riparian  lands  are  located.  The  dam  must  be  built 
within  five  years  from  the  date  of  the  permit  unless  the  commission  extends  the  time 
two  years. 

The  construction  of  the  dam  is  subject  to  the  approval  of  the  commission,  though 
it  may  waive  such  approval,  in  case  of  dams  of  less  than  250  horsepower.  The  repair- 
ing of  dams  is  also  under  the  control  of  this  body. 

Developments  of  energy  for  the  purpose  of  sale  to  the  public  are  given  the  right  of 
eminent  domain,  thus  enabling  them  to  obtain  any  developed  power  sites  not  now 
public  utilities  as  well  as  any  undeveloped  power  sites  together  with  flowage  lands. 
This  right  is  granted  only  after  the  acquirement  of  a  cretificate  of  convenience  and 
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neceesity,  which  may  be  withheld  if  the  applicant  does  not  posaees  needed  financial 
ability.  In  the  discretion  of  the  commission  the  sale  of  power  outside  the  State  may 
be  prohibited. 

A  small  fee  is  exacted  to  meet  the  expense  of  inspection  and  supervision,  and  the 
penalty  for  each  violation  is  fixed  at  not  to  exceed  |1,000.  Public  officials  or  any 
person  who  think  their  property  is  endangered  may  complain  in  writing  to  the  com- 
mission that  a  dam  or  reservoir  is  unsafe. 

Transfer  or  assignment  of  a  permit  is  not  permitted  unless  it  be  in  writing  and  a 
certified  copy  is  filed  with  the  commission  within  10  days  and  the  same  is  approved 
by  the  commission  in  writing.  This  provision  is  aimed  at  the  promotion  of  trusts  or 
combinations  for  the  control  of  water  power.  Foreign  corporations  can  not  acquire 
permits  imless  it  be  in  the  form  of  security  for  a  loan.  Municipalities  are  prohibited 
from  making  contracts  for  the  sale  of  hydraulic  power  or  hydroelectric  power  for  a 
period  greater  than  10  years  without  the  approval  of  the  commission. 

During  the  past  two  years  and  more  the  Railroad  Commission  has  regulated  the 
quality  of  the  service  and  the  rates  charged  for  such  service  of  practically  all  water 
powers  in  the  State  which  furnished  energy  for  public  utility  purposes.  As  the  public 
utility  law  requires  the  service  to  be  adequate  such  r^:ulation  of  the  service  means 
the  development  and  putting  into  effect  reasonable  standards  of  service  and  the 
making  of  frequent  inspections  for  the  purpose  of  seeing  to  it  that  these  standards 
are  lived  up  to.  The  rates  charged  for  such  service  must  be  reasonable;  that  is,  they 
should  under  normal  conditions  be  just  about  high  enough  to  cover  reasonable  returns 
for  operating  expenses  including  depreciation  and  interest  on  the  fsAi  value  of  the 
property  used  in  the  service.  In  order  to  determine  such  rates,  it  is  usually  neces- 
sary to  appraise  the  property  and  the  power,  to  determine  what  are  fair  rates  for 
interest  and  depreciation  thereon,  and  to  find  out  what  is  a  proper  allowance  for  the 
operating  expenses.  These  expenses  and  charges  constitute  the  cost  of  the  service. 
As  rates  which  yield  this  much  or  which  cover  such  cost  of  the  service  are  required 
by  law,  it  also  follows  that  this  cost  of  the  service  becomes  the  l^;al  basis  for  rates. 
In  order  to  obtain  the  proper  cost  per  unit  of  service  as  a  basis  for  rates,  it  is  also  nec- 
cessary  to  classify  these  costs  in  accordance  with  their  nature  or  into  demand,  customer, 
and  output  costs.  To  this  end,  further,  it  is  also  necessary  to  allocate  each  of  these 
three  classes  of  expenses  between  the  different  branches  of  the  service  as  well  as 
between  the  different  classes  of  customers  in  each  such  branch.  Such  determinations 
and  apportionments  also  require  a  great  deal  in  the  way  of  operating  statistics  and 
facts,  as  well  as  much  labor,  but  this  seems  to  be  about  the  only  way  in  which  proper 
bases  for  rates  can  be  obtained.  The  commission  has  also  prescribed  uniform  systems 
of  accounts  and  is  often  assisting  in  the  installation  of  such  systems.  It  also  has  full 
supervision  of  the  issuance  of  securities  and  many  other  matters.  In  addition  to 
this  a  great  deal  of  work  of  an  engineering  nature  in  connection  with  water  powers 
has  been  performed  by  the  commission  during  the  period  in  question. 

Approximately  631  investigations  of  dams  have  been  made.  In  carrying  on  this 
work  of  investigation  it  has  been  the  aim  to  make  a  complete  examination  of  each 
existing  water  power  development,  including  a  study  of  the  franchises  or  permits 
under  which  they  were  constructed,  and  methods  of  operation. 

The  reports  show  the  exact  location  of  each  water  power,  the  present  owner,  the 
original  grantee,  the  date,  limitations,  and  provisions  of  the  original  franchise  or 
permit.  A  general  description  of  the  existing  structure,  and  the  general  topographic 
and  geological  conditions  near  the  dam  site.  In  connection  with  the  constructive 
features,  a  general  investigation  has  been  made  for  stability  of  the  dam,  foundations, 
and  anchorage,  its  capacity  for  the  passage  of  floods,  method  of  operating  gates,  etc. 
Creneral  sketches  have  been  made  of  the  various  dams  and  of  typical  sections  through 
the  spillways  and  gates. 
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General  information  has  been  collected  regarding  operating  head  during  high,  low, 
and  normal  conditions  of  water,  the  estimated  horsepower  obtained,  the  total  num- 
ber of  hours  per  day  and  days  per  year  that  the  plant  operates,  also  the  time  that 
water  has  been  sufficient  to  operate  and  develop  the  required  power.  A  List  and 
description  has  been  made  of  various  equipment  in  use  at  each  plant,  rated  horse- 
power for  a  given  head,  date  of  installation,  and  general  conditions  of  the  machinery. 

Full  information  concerning  auxiliary  steam  plants  that  are  operated  in  connec- 
tion '.rith  water  powers  is  also  obtained. 

In  the  course  of  investigating  the  permits  under  which  dams  already  investigated 
are  being  operated,  it  was  found  necessary  to  make  a  list  of  all  permits  which  had  been 
granted  by  legislative  act.  Consequently,  such  a  list  was  prepared  of  all  franchises 
and  permits  granted  by  the  legislature  since  the  organization  of  the  Territory  of 
Wisconsin  and  also  during  the  period  when  Wisconsin  was  a  part  of  the  Territory  of 
Mich  gan. 

There  are  given  in  all  770  permits  to  construct  dams,  of  which  250  are  for  power 
and  hydrauhc  purposes,  160  for  logging  and  to  facilitt^te  logging,  54  for  hydraulic  and 
improvement  of  navigation,  49  for  log  driving  and  hydraulic  purposes,  36  for  improve- 
ment and  navigation  and  log  driving,  35  for  improvement  of  navigation,  and  186  for 
other  purposes,  viz:  to  feed  canals,  for  pisciculture,  to  create  ponds,  to  flow  cran- 
berry marshes,  for  general  municipal  purposes,  for  the  '' public  good  "  and  also  grants 
in  which  no  purpose  was  specified. 

Besides  these  770  permits  for  the  construction  and  maintenance  of  dams,  there  are 
130  miscellaneous  of  special  acts  of  the  legislature.  These  acts  do  not  refer  to  any 
special  dam  or  location,  but  pertain  in  a  general  way  to  all  dams,  or  rivers,  or  to  con- 
ditions on  a  certain  river. 

The  stream  gaging  work  of  the  commission  has  been  carried  on  in  cooperation 
with  the  water  resources  branch  of  the  United  States  Geological  Survey,  a  district 
engineer  of  that  branch  being  in  direct  charge  of  the  work,  -^idth  office  space  with  our 
engineering  force.  A  detailed  account  of  how  the  work  is  being  performed  and  rec- 
ords collected  is  found  in  the  water-power  report  of  the  legislature,  and  to  some  ex- 
tent in  the  eighth  annual  report  of  the  railroad  conumssion.  Records  of  flow  are 
being  collected  at  more  than  50  points  in  the  State. 

Plans  for  construction,  reconstruction,  and  repairs  of  dams  have  been  examined 
and  approved  for  11  water  powers.  In  connection  with  these  approvals  it  has  also 
been  necessary  to  appraise  a  great  deal  of  property  and  to  look  into  many  other  features 
in  connection  with  these  developments.  Permanent  bench  marks  placed  in  con« 
crete  have  been  put  in  at  about  14  of  the  existing  dams  in  the  State. 

The  conunission  has  also,  in  addition  to  the  work  that  has  thus  been  enumerated, 
made  about  40  special  investigations  under  the  water-power  laws  covering  a  variety 
of  questions.  Many  of  these  investigations  are  comprehensive  in  their  scope  and 
have  required  a  great  deal  of  work.  To  go  into  further  details  in  these  and  other 
matters  is  impracticable  herein. 

VALUE   OF   WATER  POWERS. 

As  already  stated  the  commission  must  also  value  the  property,  business,  and  the 
power  of  water-power  companies.  These  valuations  are  made  for  rate  making,  con- 
demnation, capitalization,  franchise,  or  permit  and  other  purposes.  They  involve 
many  important  questions  relating  to  the  property  rights  of  the  past  and  present 
owners  and  of  other  riparian  owners  above,  below,  and  at  the  dam  or  power  site  as 
well  as  to  the  rights  of  the  State.  It  also  involves  the  earnings  and  operating  expenses, 
including  fixed  charges,  the  extent  to  which  the  power  be  profitably  developed,  in- 
cluding such  questions  as  rainfall,  drainage  area,  rate  of  run-off,  reforestation,  storage 
reservoirs,  pondage,  auxiliary  steam  plant,  the  methods  of  construction,  upkeep, 
and  operation  of  the  dam,  power  house,  transmission  lines,  and  other  structiu-es. 
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It  further  involves  the  value  of  the  water  power  as  such,  and  it  is  to  water  power 
value  alone  that  this  part  of  the  paper  is  chiefly  devoted. 

The  value  of  water  powers  depends  on  many  conditions.  \Mien  the  cost  of  the 
improvements  can  be  kept  down  so  that  they  will  not  be  out  of  proportion  to  the  cos  t 
of  a  steam  generating  plant  of  about  the  same  capacity;  when  the  flowage  is  ample 
and  steady  enough  to  require  but  little  in  the  way  of  auxib'ary  or  stand-by  service; 
when  there  is  a  market  at  normal  prices  for  at  least  from  one-third  to  one-half  of  the 
total  amount  of  energy  the  plant  can  produce;  and  when  long  and  costly  transmission 
lines  are  not  required  to  reach  the  market  for  the  energy,  the  water  power  may  be 
worth  a  great  deal.  When,  on  the  other  hand,  the  conditions  which  surround  the 
power  plant  are  such  that  the  reverse  of  this  is  true,  the  water  power  may  have  little 
or  no  value.  As  the  situation  with  respect  to  the  conditions  thus  enumerated  differ 
from  one  plant  to  another,  it  also  follows  that  the  values  of  such  power  alone  may 
range  from  considerable  amounts  for  some  plants  to  tittle  or  nothing  for  others. 

All  Government  regulation  of  price  is  based  upon  the  theory  that  the  prices  fixed 
under  the  competitive  system  are  the  ones  that  should  be  approximated  as  closely  as 
possible.  In  other  words,  the  price  that  would  obtain  under  free  competition  is  the 
best  measure  of  the  price  or  value  of  the  article  or  product  whose  price  is  being  regu- 
lated. Under  free  competition  prices  tend  to  approach  the  cost  of  production,  and 
in  economic  theory  this  price  is  known  as  the  normal  price  or  value. 

Since  the  normal  price  fixed  by  competition  is  r^arded  as  fair,  and  since  this 
price  laigely  depends  on  the  cost  of  production,  it  is  also  assimied  that  the  price, 
which  is  based  on  the  original  cost  and  on  the  cost  of  reproduction,  is  the  fair  price 
in  the  public  utility  field.  The  value  of  the  physical  property  and  improvements 
of  the  water  powers  may,  therefore,  under  normal  conditions  be  fairly  measured  by 
their  actual  cost  and  by  the  cost  of  reproducing  them.  But  in  determining  the  value 
of  the  water  power  alone  the  cost  theory  is  of  little  assistance.  Such  powers  are  cre- 
ated by  nature  rather  than  by  man.  Their  value  would  therefore  seem  to  depend  on 
the  flow  of  the  income  which  they  yield  or  on  the  net  earnings  from  the  services  or 
products  which  they  furnish.  If  there  were  no  other  means  of  producing  energy, 
the  value  and  returns  from  water  powers  would  seem  to  be  of  the  same  nature  as  the 
value  and  rent  of  land. 

In  actual  practice  several  methods  are  employed  for  determining  the  value  of  the 
water  power  alone.  Some  of  these  depend  on  the  purpose  for  which  the  value  is 
determined.  Others  again  depend  on  other  conditions.  The  methods  most  fre- 
quently employed  may  perhaps  be  called  the  substitute  method,  the  comparative 
method,  and  what  the  business  will  bear  method. 

The  substitute  method  consists  very  largely  of  measuring  the  water  power  by  the 
cost  of  producing  the  same  product  by  other  methods  that  are  normally  employed  for 
this  purpose.  Since  the  products  of  water  power  can  be  produced  by  other  means — 
such  as  steam  power  and  oil  power — and  since  there  are  not,  on  the  whole,  enough 
water  powers  to  meet  the  entire  demand  for  power,  this  method  is  often  regarded  as 
fair  and  proper.  This  method,  when  strictly  adhered  to  and  when  in  addition  to  this 
the  water-power  value  found  under  it  is  allowed  the  same  rate  of  returns  in  the  rates 
charged  for  power  as  that  which  is  allowed  on  other  values  involved,  may  result  in 
giving  the  owners  of  the  water  powers  the  entire  benefit  of  such  value  as  the  water 
power  may  have. 

Under  the  comparative  method  the  value  of  the  water  power  is  largely  determined 
by  the  prevailing  prices  on  similar  power  in  the  localities  involved.  The  prices  thus 
used  as  the  bases,  however,  should  not  be  the  monopoly  price  of  power,  nor  should  it 
be  the  price  of  such  surplus  power  as  may  have  to  be  sold  on  the  additional  business 
basis. 

What  the  trafiic  will  bear  method  is  sometimes  employed,  especially  in  localities 
remote  fnHn  the  markets  where  it  is  found  that  the  substitute  method  can  not  be 
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used,  because  of  the  high  cost  of  such  substitute  power.  In  such  cases,  the  water- 
power  products  must  often  be  sold  for  industrial  purposes  at  prices  that  are  low  enou^ 
to  enable  such  industries  to  compete  with  industries  located  nearer  the  coal  or  oil 
field  or  other  sources  of  cheaper  power.  Under  such  conditions  it  may,  of  course,  be 
feasible  to  place  such  part  of  the  energy  as  is  used  for  local  lighting  and  other  pur- 
poses on  a  rate  basis  that  will  yield  the  greatest  net  returns,  provided  this  net  return 
is  not  higher  than  the  net  returns  would  be  from  the  cheapest  substitute  power. 
Whether  to  thus  charge  all  the  traffic  can  bear  for  lighting,  etc.,  would  be  fair,  how- 
ever, depends  upon  maiiy  conditions  that  can  not  very  well  be  explained  here. 

If  there  were  enough  water  powers  to  supply  all  the  energy  now  supplied  by  water 
and  steam  plants  and  no  combination  resulting  in  a  monopoly  was  fcurmed,  the  mar- 
ginal water  powers  would  have  no  value,  and  the  value  of  the  better  ones  would  be 
determined  by  the  extent  of  their  efficiency  over  the  po<»«st  ones  necessary  to  pro- 
duce the  required  energy,  assuming,  of  course,  that  there  were  no  other  methods  by 
which  energy  could  be  generated  more  cheaply. 

No  large  power  user  will  pay  any  more  for  energy  to  bus  supplied  to  him  than  it  will 
cost  him  to  generate  by  the  same  or  other  methods.  Sometimes  he  will  not  pay  that 
much.  Small  users,  however,  can  not  as  a  rule  produce  their  own  power,  and  hence 
may  have  to  pay  the  rates  asked,  whether  reasonable  or  not. 

The  operation  of  water  power  normally  results  in  a  certain  flow  of  net  income^ 
which,  when  capitalized  at  the  proper  rate,  gives  the  value  of  the  entire  producing 
unit.  This  unit  being  composed  of  part  capital  and  part  natural  resources,  it  is  nec- 
essary to  determine  a  value  for  each  separately,  if  possible.  The  part  of  this  unit 
that  represents  capital  is  the  dam,  building,  and  equipment.  The  part  that  c(hi- 
stitutes  the  natural  resource  is,  of  course,  the  energy  in  the  falling  water.  The  phys- 
ical capital  has  an  investment  cost  which  normally  represents  its  value  quite  closely. 
If,  then,  we  deduct  the  value  of  this  physical  part  from  the  capitalized  flow  of  net 
income  referred  to  above,  we  will  have  the  value  of  the  water  power.  If  the  value 
of  the  physical  part  is  as  great  as  the  capitalized  value  of  the  net  income,  the  water 
power  has  no  value,  and  if  the  physical  value  is  greater  than  the  capitalized  value  the 
water  power  would  have  a  n^;ative  value,  were  such  possible. 

The  rate  at  which  the  annual  income  should  be  capitalized  should  be  such  as  to 
make  the  investment  attractive.  It  would  vary  with  the  stability  of  the  market  for 
the  water  power  and  with  the  nature  of  the  development  and  the  risks  involved^ 
including  such  risks  as  are  due  to  floods,  ice,  logs,  and  other  causes. 

A  simpler  method  of  determining  the  value  of  a  water  power  for  practical  purposes 
is  to  compare  the  cost  of  supplying  energy  at  the  market  from  the  hydrauUc  plant 
with  the  cost  of  generating  that  same  energy  at  the  market  by  some  other  method. 
If  there  is  a  maigin  in  favor  of  the  hydraulic  plant  that  margin  capitalized  at  the 
prevailing  rate  of  interest  represents  the  value  of  the  water  power. 

In  order  to  determine  values  under  these  methods  it  is  of  course  necessary  to  know 
what  constitutes  reasonable  allowances  for  operating  expenses  including  depreciation 
and  interest  and  profits.  These  expenses  and  charges  for  all  the  plants  involved^ 
however,  can  usually  be  determined  with  a  considerable  degree  of  accuracy  from 
past  experience  viewed  in  the  light  of  the  surrounding  circumstances.  To  detennine 
such  costs  are  largely  questions  of  facts. 

The  value  of  a  water  power  depends  to  a  considerable  extent  upon  its  location  with 
respect  to  the  market  and  also  upon  the  cost  of  fuel  at  the  market.  If  a  long,  costly 
transmission  line  is  necessary  to  conduct  the  energy  to  a  place  of  use,  if  the  fuel  ia 
cheap  in  such  a  place,  for  example,  in  lake  port  cities,  it  may  be  that  the  water  power 
would  have  no  value  at  all.  It  can  safely  be  laid  down  as  a  rule  that  the  value  of  a 
water  power,  other  things  being  equal,  varies  inversely  with  its  distance  from  the 
market  and  with  the  price  of  fuel  at  the  market. 

Some  water-power  owners  are  placing  great  hoi>e  in  the  increase  in  the  price  of 
coal  that  is  likely  to  result  from  the  diminution  of  the  supply.    To  counteract  this^ 
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however,  10  the  poasible  increase  in  the  efficiency  of  steam  plants.  At  the  present 
time  only  about  20  per  cent  of  the  energy  in  the  coal  is  used,  and  it  requires  no  great 
stretch  of  the  imagination  to  see  the  time  when  this  inefficiency  will  be  materially 
reduced.    Then,  too,  there  is  always  the  possibility  of  other  sources  of  power. 

Thus  for  the  value  of  the  water  power  has  been  considered  with  respect  to  new 
markets  only.  Where  a  hydraulic  plant  undertakes  to  supply  a  market  partially  or 
wholly  supplied  with  power  from  some  other  source,  it  must  sell  at  something  below 
the  eristing  cost  of  production,  which  has  been  taken  as  the  measure  of  its  value,  in 
order  to  induce  prospective  customers  to  abandon  their  present  investment.  In  so  for 
as  this  must  be  done,  the  actual  value  of  the  water  power  is  less  than  the  theoretical 
value. 

The  question  of  who  is  the  owner  of  the  water  power  value,  it  can  be  argued  with  a 
good  show  of  reason,  should  not  greatiy  affect  the  rates  charged.  It  would  seem  that 
if  the  water-power  value  belongs  to  the  State,  the  consumers  should  pay  rates  high 
enough  to  cover  a  reasonable  return  on  it  so  that  it  will  accrue  to  the  benefit  of  the 
whole  State.  This  is  particularly  true  with  respect  to  the  rates  to  be  paid  by  power 
users,  or  any  customers  who  do  not  use  the  product  of  the  water  power  to  satisfy  a 
personal  want,  because  those  people  who  use  this  product  for  business  purposes  will 
have  their  cost  of  production  reduced  if  the  rates  which  they  pay  do  not  include  a 
return  on  the  water-power  value.  The  reduction  in  cost  is  not  likely  to  be  extensive 
enough  to  result  in  a  reduction  in  the  price  of  the  goods  these  business  men  sell, 
consequentiy  they  would  make  a  profit  out  of  the  use  of  the  water  power  which  would 
be  tantamoimt  to  transferring  water-power  value  from  the  owner  to  these  particular 
ciistomers.  In  case  the  State  were  the  owner  and  it  had  acquired  ownerhip  through 
condemnation  without  compensation,  it  might  mean  that  the  State  through  its  power 
had  transferred  wealth  from  one  individual  to  another  without  having  a  justification 
for  doing  so.  The  same,  of  course,  might  also  be  done  through  rate  regulation  even 
though  the  ownership  of  the  water  power  were  still  in  private  hands.  But  if  the  water- 
power  value  belongs  to  the  State,  the  consumer  should  pay  rates  high  enough  to 
cover  a  reasonable  return  on  it.  The  annual  revenue  which  the  State  thus  receives 
should  be  used  to  reduce  the  taxes  borne  directiy  by  the  people  of  the  State. 

One  of  the  important  differences  between  hydraulic  and  steam  plants  is  that  while 
the  operating  expenses  of  the  former  are  much  less  than  those  of  the  latter,  the  invest- 
ment per  unit  of  capacity  of  the  hydraulic  plant  is  frequentiy  two  or  three  times 
larger  than  that  of  the  steam  plant.  The  effect  of  this  is  that  the  water-power  value 
increases  almost  directiy  with  an  increase  in  the  load  factor. 

The  following  table  shows  the  effect  of  the  load  factor,  which  might  be  called  the 
extent  of  the  development  of  the  business.  It  is  a  comparison  of  the  average  cost  per 
kilowatt-hour  generated  of  the  hydrauUc  plant  of  6,000  kilowatt  capacity  costing 
about  $250  per  kilowatt  of  capacity  and  a  hypothetical  steam  plant  of  the  same  size 
costing  about  $75  per  kilowatt  of  capacity  It  is  assumed  that  both  plants  are  located 
in  the  same  place,  that  coal  costs  $2.75  per  ton  in  the  bunkers  of  the  steam  plant, 
and  that  both  plants  are  required  to  meet  a  peak  of  7,600  kilowatts. 


Average  hours  daUy  operatlciii  at  fall  load. 

Load 
foetor.i 

Steam 
plant 
cost  per 
kilowatt- 
hoar. 

Hy- 
draulic 

plant 
cost  per 
Idlowatt- 

hour. 

Annaal 
water- 
power 
value. 

4.8 

Percent. 
30 
35 
SO 
85 
40 
45 
50 
60 

Cente. 
1.16 
1.00 
.89 
.80 
.74 
.69 
.65 
.50 

Cenlt. 
1.39 
1.03 
.86 
.78 
.64 
.57 
.51 
.43 

•117,810 

M,09B 

5.993 

*.0 

7\2 

8.4 

16,811 

9.6 

36,630 
85,951 
46,603 
63  918 

10.8 

13.0 

14.4 

1  The  load  Csetor  is  the  ratio  of  the  actual  ootpat  to  the  total  possible  oatpat. 
•  Bzoess  of  hydraulic  cost  over  steam  cost. 
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It  will  be  noted  that  when  the  load  factor  is  20  per  cent  the  cost  of  the  steam  plant 
is  1.16  cents  per  kilowatt-hour  and  of  the  hydraulic  plant  1. 29  cents  per  kiloxatt- 
hour,  a  difference  of  0.13  cent  per  kilowatt-hour  in  favOT  of  the  steam  plant.  If  the 
figures  in  this  table  were  plotted,  the  lines  would  intersect  at  a  load  factor  of  about 
27  per  cent.  In  other  words,  the  hydraulic  plant  in  this  instance  would  have  no 
water-power  value  unless  it  were  operated  at  a  load  factor  above  27  per  cent.  The 
reason  that  the  difference  between  cost  of  the  hydraulic  and  steam  plant  varies 
with  the  load  factor  is  that  the  relative  amount  of  fixed  and  circulating  capital  is 
different  for  each  at  the  different  load  factors. 

This  comparison  shows  that  the  value  of  the  water  power  depends  to  a  large  extent 
upon  the  load  factor  and  that  for  low-load  factors  the  water  power  has  no  value,  except 
the  possibility  of  an  undeveloped  one.  Such  being  the  case,  it  is  obvious  that  if 
only  a  low-load  factor  is  obtainable  the  hydraulic  plant  can  not  compete  successfully 
with  a  modem  steam  plant.  This  is  of  particular  significance  when  it  is  remembered 
that  the  load  factor  of  an  ordinary  utility  about  as  large  as  the  one  in  question  is 
between  25  and  35  per  cent. 

Now,  suppose  that  this  water  power  is  located  50  miles  from  a  market.  It  will 
then  be  necessary  to  build  a  transmission  line  which  will  cost  about  $4,000  per  mile 
and  a  substation  at  a  cost  of  about  $70,000.  The  fixed  charges  on  this  additional 
investment  will  amount  to  $28,050,  and  the  operating  expenses  will  be  increased 
about  $15,000,  making  a  total  additional  yearly  cost  of  $43,050.  As  the  steam  plant 
can  be  located  at  the  market,  the  added  expense  will  effect  only  the  hydraulic  plant. 
Under  these  new  assumptions  the  table  of  comparative  costs  becomes  as  follows: 


Load  factor  (per  cent). 

Steam 

plant 

cost  per 

kUowatt- 

hour. 

Hydrau- 
lic plant 
cost  per 
kUowatt- 
hour. 

Annual 
water- 
power 
value. 

ao 

CenU. 
1.16 
1.00 
.80 
.80 
.74 
.60 
.65 
.50 

CenU. 
1.60 
1.28 
1.07 
.02 
.80 
.71 
.64 
.54 

» 168, 587 
i46,60S 

25 

30 

1  35,951 

35 

127,062 

40 

1 15,078 

45 

18,088 

50 

3!^ 

60 ^. 

10,973 

1  EzcesB  of  hydraulic  ooet  over  steam  cost. 

As  the  hydraulic  cost  in  this  instance  remains  above  the  steam  plant  cost  until  a 
load  factor  of  50  per  cent  is  reached,  there  is  no  water-power  value  if  the  hydraulic 
plant  is  to  be  used  for  ordinary  utility  purposes.  Or  in  order  to  compete  on  exi^tly 
even  terms  with  a  steam  plant  so  far  as  cost  is  concerned  (assuming,  for  instance,  a 
load  factor  of  40  per  cent),  the  investment  in  the  hydraulic  plant,  including  the 
transmission  line  and  substation,  would  have  to  be  below  $295  per  kilowatt  of  capacity. 

Let  us  now  assume  that  it  becomes  necessary  to  install  a  steam  auxiliary  plant  of 
2,500  kilowatts  capacity  in  connection  with  the  hydraulic  plant  in  order  to  assure  a 
40  per  cent  load  factor.  Such  a  plant  would  cost  about  $65  per  kilowatt,  and  to 
generate  3,000,000  kilowatt-hours  per  year  would  cost  about  1.5  cents  per  kiloratt- 
hour  exclusive  of  fixed  chaiges.  The  total  additional  cost  of  operating  the  auxiliary 
would  be  $63,687.  Under  these  conditions  only  $130  per  kilowatt  could  be  invested 
in  the  hydraulic  plant  itself  and  not  more  than  $193  per  kilowatt  could  be  invested 
as  fixed  capital  in  the  enterprise. 

If  the  hydraulic  plant  wishes  to  sell  to  the  steam  plant  which  is  located  at  the 
market  it  must  do  so  at  a  price  which  will  not  increase  the  total  cost  to  the  steam 
plant.    This  means  that  the  price  must  equal  the  saving  in  the  steam-plant  expenses 
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which  will  be  effected  when  eneirgy  is  purchased.  A  saving,  however,  will  be  made 
only  in  the  operating  expenses  as  the  investment  in  the  steam  plant  is  a  continuous 
cost  whether  used  or  not.  In  reality  the  investment  will  be  increased  by  the  amount 
of  the  additional  substation  equipment  necessary.  But  not  all  of  the  operating 
expenses  will  be  saved,  as  the  substation  will  have  to  be  operated. 

The  total  cost  of  generating  energy  by  means  of  the  steam  plant  at  a  40  per  cent 
load  factor  is  $198,641.  The  fixed  charges  on  the  steam  plant  amounted  to  $51,750. 
It  has  been  assumed  that  it  would  cost  $15,000  to  operate  the  substation.  If  we 
assume  that  the  substation  is  to  be  supplied  by  the  purchasii^  utility,  the  investment 
wrtdd  probably  be  about  $60,000  and  the  resulting  fixed  charges  $6,900.  The  total 
remaining  expense,  then,  would  amount  to  $78,650,  which  would  leave  $124,991 
available  for  the  purchase  of  energy. 

In  order  to  ascertain  the  amount  which  could  be  profitably  invested  in  the  hydro- 
electtic  plant  its  operating  expenses  must  be  deducted  from  the  sum  which  would 
be  received  from  the  steam  plant  for  energy.  If  we  assume  that  auxiliary  steam 
service  vill  be  needed,  this  cost  also  must  be  deducted.  The  operating  expenses  of 
the  hydroelectric  plant  amount  to  $22,678  and  the  auxiliary  steam  service  would 
cost  $45,000  exclusive  of  fixed  charges.  In  this  instance  the  existing  steam  plant 
would  probably  be  used  as  the  auxiliary.  As  the  fixed  charges  on  the  steam  plant 
have  already  been  provided  for,  they  need  not  be  considered  again.  Deducting  the 
aforementioned  sums,  we  find  that  of  the  amount  v  hich  the  steam  plant  has  available 
for  the  purchase  of  energy  and  which  we  have  assumed  it  will  pay,  $57,313  remains 
to  meet  the  fixed  charges  on  the  hydroelectric  plant.  If  we  assimie  the  fixed  charges 
a-nount  to  10  per  cent,  we  find  that  $95  per  kilowatt  of  capacity  is  the  n^n-Timiim 
amount  which  could  be  Invested  in  the  hydroelectric  plant  and  transmission  line. 
With  such  an  investment,  however,  the  water  poxer  itself  would  have  no  value. 

It  appears  from  this  that  the  value  of  water  powers  depends  on  such  a  variety  of  con- 
ditions and  differs  so  much  from  one  power  to  another  that  it  is  practically  impossible 
to  say  just  how  much  they  are  worth,  either  as  a  whole  or  per  horsepower.  What  is  true 
of  the  value  in  this  respect  is  also  true  of  their  earnings.  In  order  to  obtain  detailed 
information  upon  these  matters  it  would  be  necessary  to  appraise  each  plant  and 
power  separately  and  to  make  a  close  investigation  of  its  earnings  and  expenses.  This 
is  a  comprehensive  task,  a  task  that  has  not  as  yet  been  fully  performed  by  any  of  the 
States.  When  it  is  performed,  however,  it  will  be  found  that  some  plants  earn  enough 
to  leave  a  substantial  balance  for  water-power  value  after  the  operating  expenses, 
taxes,  depreciation,  and  interest  upon  the  value  of  the  physical  property  and  business 
have  been  taken  out  of  the  gross  earnings.  In  fact,  there  are  powers  here  and  there 
which  earn  more  than  would  be  necessary  to  obtain  the  necessary  capital  and  manage- 
ment. It  will  also  be  found  that  there  are  a  great  many  plants  which  earn  little  or  no 
more  than  enough  for  this  purpose  and  that  many  earn  less  than  this.  Plants  which 
thus  earn  barely  enough  or  less  than  enough  to  attract  the  necessary  capital  can  hardly 
be  said  to  show  any  value  for  the  water  power  alone. 

The  value  and  the  earnings  of  water  powers  become  exceedingly  important  ques- 
tions when  propositions  are  arising  to  impose  special  taxes  or  chaiges  on  water  powers 
over  and  above  the  regular  taxes.  Such  propositions  are  often  raised.  The  charges 
thus  suggested  mostly  take  the  form  of  elUier  license  fees,  franchise  taxes,  or  a  share 
of  the  net  earnings.  They  are  based  upon  the  theories  that  the  earnings  are  high 
enough  to  warrant  the  charge  and  that  the  public  has  just  claims  upon  the  power  in 
the  water  since  it  is  a  natural  resource.  Such  special  charges  are  usually  figured  at  so 
much  per  horsepower  and  are  as  a  rule  so  levied  as  to  amount  to  as  much 
per  horsepower  for  plants  with  low  as  for  plants  with  high  earnings.  Now  it  is 
very  obvious  that  such  extra  charges  may  be  easily  borne  without  stopping  future 
developments,  by  plants  which  are  earning  or  which  expect  to  earn  considerably  more 
than  would  be  necessary  to  secure  such  developments.    Plants,  however,  which  are 
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as  happily  situated  as  this  are  under  existing  conditions,  much  fewer  in  number  than 
has  been  generally  realized.  Such  plants  on  the  other  hand  which  when  relieved 
from  extra  charges  of  this  kind  earn  little  or  no  more  than  to  secure  the  necess^yry  capital 
for  development  or  which  earn  less  than  this  will  find  such  charges  burdensome  and 
unjust  and  that  they  will  effectively  stop  future  developments.  The  powers  which  are 
in  this  latter  position  constitute  to-day  the  greater  proportion  of  all  the  powers  at  least 
in  many  sections  of  the  country.  Whether  these  conditions  are  permanent  or  whether 
in  the  near  future  radical  chuiges  be  wrought  therein  are  matters  that  depend  upon 
changes  in  so  many  conditions  that  predictions  in  connection  therewith  are  usually 
without  much  if  any  value. 

What  has  thus  been  said  about  special  charges  upon  water  powers  would  also  in  the 
main  seem  to  apply  to  many  of  the  various  plans  that  have  been  suggested  under 
which  the  State  or  municipality  may  at  some  future  date  acquire  title  to  such  powers. 
When  the  terms  upon  which  the  plants  are  thus  taken  over  are  such  as  to  be  fair  under 
the  circumstances  no  exception  can  justly  be  raised  against  such  transfers  of  owner- 
ship. When,  on  the  other  hand,  these  terms  are  such  as  to  retard  the  proper  and 
necessary  development  of  such  powers,  they  are  also  likely  to  be  contrary  to  public 
policy.  What  constitutes  reasonable  terms  and  conditions  under  proceedings  of  this 
nature  is  a  question  that  depends  on  existing  as  well  aa  on  probable  future  con-, 
ditions. 

While  Government  regulation  of  water  powers  is  necessary  in  the  interest  of  the 
general  welfare  or  in  order  to  prevent  injustice  and  promote  equality  of  opportunity, 
such  regulation  should  be  kept  within  certain  rather  well-defined  limits  and  should 
also  be  fairly  and  equitably  administered.  The  rules  and  standards  of  such  regula- 
tion should  be  adjusted  to  the  conditions  and  the  requirements  imposed  under  them 
should  be  such  as  to  encourage  rather  than  discourage  needed  and  proper  development. 


THE  STATUS  OF  WATER  POWER  DEVELOPMENT. 

By  H.  W.  BUCK, 
Consulting  Engineer^  New  York  City. 

In  the  beginning  of  the  eighteenth  century  steam  pressure  was  first  applied  to  the 
driving  of  a  train  of  mechanism  b>  a  piston  and  the  performance  of  mechanical  work. 
It  was  not,  however,  until  about  50  years  later  that  Watt,  through  extensive  original 
work,  had  developed  the  steam  engine  to  a  point  where  it  could  be  considered  as 
available  for  industrial  use.  Its  application  was  immediate  and  modern  industry 
dates  its  beginning  from  that  time. 

The  development  of  the  use  of  steam  power  by  Watt  and  others  and  the  resulting 
availability  of  the  steam  engine  for  application  in  all  kinds  of  industrial  work  caused 
an  increase  of  demand  for  power  at  a  cumulative  rate  and  all  industry  became  de- 
pendent upon  power  of  a  magnitude  far  beyond  the  potentialities  of  human  muscles 
or  animal  horsepower.  The  steam  engine  of  the  time  was,  however,  very  inefficient 
mechanically  and  from  the  standpoint  of  thermodynamics,  and  fuels  were  expensive 
and  not  easily  available.  A  search  was  consequently  stimulated  among  engineers 
for  means  of  producing  power  on  a  laige  scale  by  means  more  economical  than  the 
steam  engine. 

The  eneigy  of  falling  water  was  the  most  obvious  alternative  and  the  engineers  of 
the  day  devoted  their  skill  to  the  development  of  means  for  utilizing  water  power. 
The  early  efforts  were  principally  along  the  lines  of  the  well-known  undershot  and 
overshot  wheels,  now  looked  upon  with  considerable  humor  as  relics  of  more  or  less 
prehistoric  times. 
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The  contest  for  supremacy  then  began  between  the  two  classes  of  prime  movers, 
water  and  steam,  which  has  continued  to  this  day  with  increasing  vigor,  the  relative 
advantage  alternating  between  the  one  and  the  other  from  period  to  period.  The 
popular  notion  that  water  power  is  and  alwa^-s  has  been  more  advantageous  than  steam 
power  is  not  in  accordance  with  the  records  of  engineering. 

In  the  United  States,  New  England  and  its  vicinity  contained  many  river  situa- 
tions which  could  easily  be  developed  by  the  early  methods  prevailing  in  water-power 
engineering,  and  as  a  result  that  section  of  this  country  underwent  a  rapid  expansion 
in  industrial  development  during  the  nineteenth  century,  beginning  about  1825. 
The  steam  engine  of  that  period  could  not  compete  with  the  New  England  water 
powers  and  consequently  the  New  England  district  held  the  commanding  position 
for  many  years  in  industrial  progress.  Industrial  conmiunities  grew  up  around  all  of 
the  waterfalls  of  reasonably  large  volume  and  moderate  head. 

The  next  change  in  conditions  which  came  about  was  in  favor  of  steam  power. 
Economical  methods  of  coal  mining  were  developed  and  railroad  systems  for  the 
distribution  of  coal  grew  up,  so  that  coal  supplies  in  volume  sufficient  for  power 
purposes  became  available  at  many  new  centers  of  industry.  Furthermore,  new 
and  radical  improvements  in  steam-engine  design  were  introduced,  as  exemplified 
by  the  relatively  large  engine  units  of  the  Corliss  type.  Water  powers  no  longer 
controlled  industry,  and  industrial  centers  grew  up  in  Pennsylvania,  Ohio,  and 
elsewhere  where  cheap  coal  of  good  quality  could  be  obtained  in  large  quantities. 

About  the  year  1875  the  development  of  the  gas  engine  as  a  commercial  source  of 
power  began  as  a  further  competitor  of  water  power.  In  lai^e  stationery  power  units, 
however,  the  gas  engine  has  been  disappointing,  and  has  not  proved  the  universal 
prime  mover  which  was  at  first  expected  of  it.  Its  field  has  been  confined  largely 
to  the  smaller  units. 

The  steam  engine,  the  gas  engine,  and  the  water  wheel  then  became  the  three 
great  sources  of  power,  each  having  advantages  under  particular  conditions.  The 
relative  advantages,  however,  of  water  power  became  less  and  less  as  the  steam  engine 
and  the  gas  and  oil  engine  were  improved. 

In  the  old-fashioned  mill  town  where  the  presence  of  a  water  power  constituted  the 
reason  for  the  existence  of  the  town,  it  was  necessary  in  order  that  all  of  the  mills 
might  utilize  the  water  power  to  group  the  mills  close  together  about  some  strat^c 
location  where  a  canal  or  headrace  could  be  favorably  constructed.  The  water  as 
a  rule  from  such  canal  was  fed  through  the  various  mills,  which  discharged  the  water 
thus  supplied  through  their  own  individual  water  wheels  to  the  lower  levels.  Some- 
times several  levels  were  employed,  the  water  passing  in  series  through  the  mills 
from  one  level  to  another. 

When  the  water-power  development  at  Niagara  Falls  was  at  first  proposed,  before 
electric  transmission  was  definitely  established,  it  was  seriously  considered  to  dis- 
tribute water  to  various  manufacturing  plants  to  be  located  in  the  vicinity  by  means 
of  an  extensive  system  of  radial  canals  to  the  various  prospective  power  customers 
who  were  to  purchase  water  and  not  power  from  the  company  and  use  it  to  operate 
their  own  individual  water  wheels.  All  of  the  plants  were  to  discharge  their  water 
into  a  conmion  tailrace  tunnel  at  the  lower  level. 

All  of  these  general  schemes  of  utilizing  water  power  were  inefficient  and  expensive. 
Since  the  headrace-canal  systems  were  limited  necessarily  in  extent,  the  industrial 
development  in  a  water-power  community  resulted  in  a  huddled  mass  of  factory 
buildings,  janmied  in  together  as  closely  as  they  could  be  constructed,  with  the  whole 
zone  honeycombed  with  shafts,  tunnels,  etc. 

In  these  communities,  with  the  expanding  business  of  the  various  factories,  more 
power  was  required  than  the  water  system  could  supply.  Consequently,  the  water- 
power  system  was  usually  outgrown  and  it  became  necessary  to  supplement  the 


Digitized  by  VjOOQIC 


242        PROCEEDINGS   SECOND  PAN   AMERICAN   SCIENTIFIC   CONGRESS. 

water  power  with  steam  auxiliary.  Such  steam  plants  were  enlarged  from  time  to 
time  and  ultimately  have  become  the  chief  source  of  power  in  those  communities 
with  the  water  only  as  an  auxiliary.  Many  of  the  old  water  power  mill  towns  which 
are  popularly  r^^urded  as  dependent  upon  water  power  have  long  since  outgrown 
the  underlying  water  power  and  are  to-day  essentially  steam  driven. 

A  change  and  a  new  era  in  water-power  application  began  in  the  year  1892,  when 
power  to  the  extent  of  300  horsepower  was  first  transmitted  on  a  semi-commercial 
scale  from  Lauffen  to  Frankfort  in  Germany,  a  distance  of  100  miles,  at  about  30,000 
volts,  and  the  commercial  success  of  high  tension  electric  transmission  was  demon- 
strated. It  proved  that  power  could  be  generated  in  one  place  and  transmitted 
efficiently  by  alternating  electric  current  to  points  many  miles  away.  At  the  same 
time  evolution  had  taken  place  in  alternating  current  electric  motors,  so  that  the 
transmitted  power  could  be  utilized  efficiently  at  the  point  of  delivery. 

This  immediately  relieved  the  congestion  of  the  old  water-power  towns  and  made 
it  possible  to  make  hydroelectric  developments  of  water-power  sites  regardless  of 
any  consideration  of  industrial  plants  to  be  located  in  the  immediate  neighborhood' 
and  transmit  the  power  output  to  the  consumer.  In  other  words,  the  power  could 
be  taken  to  the  consumer  instead  of  having  to  bring  the  consumer  to  the  power. 

Electric  transmission  from  central  water-power  stations  on  a  large  scale  began  in 
this  country  about  the  year  1895  with  the  great  enterprise  at  Niagara  Falls.  In  E urope, 
plants  of  considerable  size  were  built  at  an  earlier  date.  The  voltage  limit  of  tran^ 
mission  at  the  time  was  about  10,000  volts  and  the  transmission-distance  limit  about 
20  miles.  Since  that  time  an  extraordinary  evolution  has  taken  place  so  that  voltages 
of  transmission  are  now  commercially  as  high  as  150,000  volts  and  lines  up  to  250 
miles  in  length  are  in  actual  operation. 

This  development  and  change  in  methods  has  opened  up  an  entirely  new  group 
of  water  powers  which  were  too  remote  from  suitable  manufacturing  and  railroad 
centers  to  consider  as  sites  under  the  old  hydraulic  scheme  of  application  of  water 
power.  As  a  rule,  water  powers  are  situated  in  mountainous  regions  where  the  topog- 
raphy is  too  rough  for  the  satisfactory  layout  of  an  industrial  town  and  yet  well  suited 
for  the  construction  of  a  modem  hydroelectric  plant. 

Under  this  new  method  of  using  water  power  for  industrial  purposes  the  use  of  water 
power  has  received  a  tremenduous  stimulus.  During  the  past  15  years  many 
water  powers  have  been  able  to  show  a  good  margin  of  saving  over  the  best  steam 
costs,  and  numerous  large  central  hydroelectric  stations  have  been  constructed. 
The  margin  of  saving  in  water-power  operation  since  the  year  1870  has  not,  however, 
been  sufficient  to  prevent  a  far  greater  expansion  in  steam  power  for  manufacturing 
piurposes  than  in  watre  power,  and  the  following  table  will  give  an  idea  of  the  relative 
growth  of  the  two  as  given  in  the  United  States  Census  report: 

Water  power  and  steam  power  in  manufacturing  in  the  United  States. 


Total  st6am  power^horsepower] 
Total  water  powerchorsepowerj 


1909 


14,199,339 
1,807,439 


1904 


10,825,348 
1,641,949 


1899 


8,139,579 
1,454,112 


1889 


4,581,305 
1,255,045 


1879 


2,185,458 
1,225,379 


1869 


1,215,711 
1,130,431 


The  above  figures  do  not  include  the  large  central  stations  generating  power  by 
either  steam  or  water  power.  By  including  these  it  is  estimated  that  the  total  water 
power  developed  at  the  present  time  is  about  5,000,000  horsepower,  and  total  steam 
power  about  27,000,000  horsepower. 

The  modern  development  of  the  commercial  steam  turbine  dates  from  about  the 
year  1900.  This  has  accomplished  for  the  extension  of  steam-power  use  as  much  as 
electric  transmission  has  done  for  water  power.    The  evolution  has  been  rapid  and 


Digitized  by  VjOOQIC 


ENGINEERING.  243 

is  still  continuing.  During  the  past  15  years  it  has  resulted  in  reducing  the  capital 
cost  of  central  steam-power  houses  from  over  $100  per  horsepower  to  about  $40  per 
horsepower,  and  has  reduced  the  consumption  of  coal  from  3  to  4  pounds  per  kilowatt- 
hour  down  to  a  coal  rate  of  about  1.5  pounds  under  favorable  conditions  at  the  present 
time.  The  steam  turbine  has  so  much  reduced  the  size  and  complexity  of  the  steam 
plant  that  the  operating  expense  and  maintenance  is  much  lower  than  bef(H^. 

All  of  this  has  caused  a  serious  setback  to  the  expansion  of  water-power  develop- 
ment. It  has  brought  about  conditions  where  it  is  now  usually  a  serious  question, 
where  an  average  water  power  is  under  consideration,  whether  the  water  power  can 
produce  the  power  as  cheaply  as  the  modem  steam  plant.  Water  powers  are  often 
located  many  miles  from  the  community  where  the  power  is  wanted  for  use,  which 
necessitates  the  transmitting  of  the  water-generated  power  over  a  long  line.  Such 
electric  transmission  not  only  operates  to  increase  the  cost  of  construction  of  the  water* 
power  plant  as  a  whole,  and  consequently  the  fixed  charges  against  the  power,  but 
also  increases  the  operating  expense  in  line  patrol  and  maintenance.  Fiu*thermore, 
not  less  than  15  per  cent  of  the  power  is  usually  lost  in  the  long-distance  transmission, 
which  raises  the  cost  proportionately  at  the  point  of  delivery. 

Where  a  steam  turbine  is  the  prime  mover  it  can  in  most  cases  be  located  at  or 
near  the  consiuner's  premises.  This  may  give  the  steam  plant  the  controlling 
advantage. 

A  water  power  transmission  system  at  the  present  time,  of  average  merit,  may 
range  in  cost,  including  transmission,  from  $150  to  $300  per  horsepower  of  capacity. 
A  steam-turbine  plant,  if  it  can  be  located  at  the  center  of  use  where  a  long  trans- 
mission will  not  be  required,  if  of  fairly  large  size,  will  not  cost  over  $50  per  horse- 
power. The  capital  charges,  therefore,  in  favor  of  the  steam  plant  will  be  in  the  ratio 
of  from  three  to  six  to  one.  The  water-power  plant  must  therefore  have  a  low  annual 
operating  and  transmission  expense  in  order  to  overcome  this  financial  advantage 
of  the  steam  plant. 

There  are,  of  course,  a  few  water  powers  in  the  United  States  and  Canada,  such  as 
Niagara  Falls,  Shawinigan  Falls,  and  others  which  have  been  developed,  which  can 
produce  power  at  an  exceptionally  low  cost,  with  which  steam  can  not  possibly  com- 
pete. It  is  such  plants  that  have  led  to  the  remarkable  growth  of  the  electrochemical 
industry,  which  can  not  operate  except  at  extremely  low-power  cost  of  from  2  to  3 
mills  per  kilowatt-hour. 

There  are  very  few  water  power  sites,  however,  on  this  continent  which  could 
afford  to  sell  power  for  such  low  rates  where  continuous  24-hoiu*  power  is  requir^  at 
a  constant  rate  throughout  the  year.  The  only  possible  way  to  obtain  low  kilowatt- 
hour  cost  for  electrochemical  processes  from  most  of  oiu*  rivers  is  to  develop  the  water 
power  for  the  maximum  flow  of  the  stream  for  say  three  months  of  the  year  and  then 
operate  for  the  balance  of  the  year  at  reduced  output. 

Figure  1  illustrates  such  a  use  of  power  from  a  proposed  site  on  a  large  river  in  the 
South  operating  on  about  a  65-foot  head,  for  an  average  year  of  flow.  The  flow  in  the 
river  is  such  that  if  the  plant  were  rated  only  on  the  minimum  flow  of  the  river  its 
capacity  would  be  only  a  little  over  10,000  horsepower.  By  developing,  however, 
for  the  three  months'  maximum  flow,  an  output  of  75,000  horsepower  can  be  obtained 
for  those  months,  and  at  a  reduced  rate  for  the  balance  of  the  year. 

The  cost  of  a  dam  ia  proportional  to  its  length  and  height  and  it  does  not  vary  ma- 
terially with  the  capacity  of  the  power  plant  built  in  connection  with  it.  Further- 
more, it  does  not  cost  much  more  to  operate  a  plant  at  a  given  locality  of  large  capacity 
than  a  small  one.  Therefore,  if  a  large  annual  kilowatt-hour  output  can  be  secured 
the  fixed  expenses  can  be  prorated  over  a  larger  total,  and  the  unit  power  cost  be 
much  reduced.  The  annual  output  shown  in  figure  1  amounts  to  264,000,000  kilowatt- 
hours.  If  the  stream  were  to  be  developed  for  the  minimum  flow  only  the  annual 
output  would  be  65,000,000  kilowatt-hours. 
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It  is  probable  that  the  electrochemical  industries  could  adapt  their  procees  opera- 
tion to  such  monthly  variations  in  power  delivery  without  material  inconvenience 
and  certainly  with  great  reduction  in  cost  of  power. 

Such  a  scheme  of  power  supply  as  shown  in  figure  1  would  not  of  course  be  appli- 
cable to  an  ordinary  manufacturing  establishment  where  constant  production  through- 
out the  year  is  required,  but  as  a  rule  there  is  not  the  extreme  necessity  in  such  cases 
for  power  at  low  cost.  In  an  electrochemical  process  the  power  item  is  generally  a 
large  part  of  the  total  cost  of  manufacture. 

Within  the  range  of  feasible  development  at  a  cost  of  construction  which  would 
make  the  cost  of  such  power  about  equal  to  that  of  steam  power  it  is  estimated  that 


there  is  still  undeveloped  in  the  streams  of  the  United  States  about  35,000,000 
horsepower. 

It  is  a  popular  misconception  that,  owing  to  a  diminishing  coal  supply,  the  cost  of 
steam  power  is  constantly  rising,  so  that  water  powers  are  becoming  more  and  more 
in  control  of  the  power  situation.  The  fact  is  exactly  the  reverse.  Methods  of  deriv- 
ing the  energy  of  the  coal  are  constantly  improving  in  efficiency,  and  even  if  the  cost 
of  coal  should  rise  it  would  in  all  probability  be  more  than  o£bet  by  the  increased 
economy  of  use.  There  is  nothing  to  indicate  that  the  limit  to  the  reduction  in  cost 
of  steam  power  has  been  reached  or  is  in  sight,  inasmuch  as  the  best  type  of  steam- 
electric  plants  to-day  utilize  only  about  20  per  cent  of  the  total  energy  of  the  coal. 
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Water-power  plants  are  at  present,  however,  about  as  eflkient  as  can  be  hoped  for, 
with  93  per  cent  efSciency  for  water  turbines  and  98  per  cent  for  electric  generators. 

As  the  cost  of  steam  power  falls  the  total  water  power  of  the  country  susceptible  of 
profitable  commercial  development  continually  shrinks,  and  many  water  powers 
which  a  few  years  ago  could  have  successfully  competed  with  steam  j^ants  and  migjit 
have  been  developed  will  not  be  developed  to-day  on  account  of  steam  turbine  com- 
petition. The  proposed  taxation  of  water  powers  and  other  legislative  restrictions 
will  increase  the  list  of  water  powers  that  can  not  be  developed  with  a  profit. 

Even  Galifomia  and  other  Western  States,  where  a  few  years  ago  the  hl^  price  of 
coal  gave  water  power  a  practical  monopoly  in  the  power  field,  no  longer  hold  this 
position  on  account  of  the  development  of  the  local  oil  fields,  which  make  fuel  avail- 
able at  a  cost  low  enough  lor  successful  exploitation  of  the  steam  turbine  where  long 
transmissions  are  required  from  the  comi)eting  water-power  plant  and  where  th# 
hydraulic  development  is  not  of  exceptionally  low  cost. 

In  South  America  there  are  apparently  numerous  water  powers  which  could  be 
economically  developed.  The  present  high  cost  there  of  coal  and  oil  should  give 
water-power  development  a  great  economic  advantage  in  the  South  American  coun- 
tries. 

The  same  is  true  of  Canada  to  a  great  extent,  where  there  are  a  large  number  of 
exceptionally  favorable  water-power  sites  located,  and  where  coal  and  oil  are  both 
relatively  high  in  price. 

Where  a  water-power  plant  is  required  to  deliver  a  practically  uniform  daily  load 
throughout  the  year,  which  is  generally  necessary  on  a  miscellaneous  power  distri- 
bution system  and  where  seasonable  variations  in  load,  as  in  Figure  I,  are  not  per- 
missible, the  deficiency  at  low-water  flow  must  be  made  up  either  by  storage  of  water 
or  by  steam.    Usually  both  are  required. 

Nearly  all  water  powers  are  subject  to  a  period  of  low  water  for  at  least  two  or  three 
months  in  the  year,  and  in  order  to  utilize  the  energy  available  during  the  high-water 
months  a  combination  of  steam  and  water  power  is  a  necessary  and  profitable  com- 
bination. The  two  together  will  be  found  in  most  cases  to  give  a  lower  cost  of  annual 
output  than  either  one  or  the  other  alone. 

Figure  II  shows  a  hydrograph  for  a  representative  year  for  the  Mohawk  River  at 
Gohoee,  N.  Y.,  as  an  example,  together  with  the  effect  of  adding  steam  power  to  the 
annual  output.  If  the  river  at  this  point  were  to  be  developed  for  low  flow  alone 
and  this  output  maintained  throughout  the  year,  the  rating  of  the  plant  would  be 
only  4,600  kilowatt-hour  continuous  24-hour  power.  For  outputs  at  lower  load  facton 
the  installed  capacity  would  be  correspondingly  greater.  As  shown,  however,  in  the 
curve  sheet,  this  output  can  be  increased  to  12,000  kilowatt-hour  continuous  24-hour 
power  by  supplying  less  than  10  per  cent  of  the  total  annual  kilowatt-hours  by  steam 
auxiliary. 

Figure  III  illustrates  a  typical  hydrograph  on  the  New  River  in  Virginia,  where 
the  capacity  of  the  plant  for  continuous  delivery  of  power  throughout  the  year  by  the 
supply  of  17  per  cent  of  auxiliary  steam  power  in  kilowatt-hours  is  more  than  doubled. 

Figure  IV  illustrates  a  situation  on  the  Hoosic  River,  where  the  low  natural  flow 
is  so  small  that  no  development  would  be  commercially  profitable  based  upon  low 
flow  alone,  where  uniform  load  throughout  the  year  was  a  requirement. 

By  the  addition  of  stored  water  as  shown  and  by  the  supply  of  about  32  per  cent 
of  steam  power  in  kilowatt-hours  the  rating  of  the  plant  above  the  low-flow  capacity 
can  be  Increased  sevenfold. 

Figure  V  shows  a  hydrograph  of  the  Cumberland  River  in  Kentucky  and  the 
situation  with  respect  to  a  proposed  development  at  Cumberland  Fkdls.  Hers  the 
natural  flow  of  the  river  at  low-water  season  is  such  that  for  three  or  four  months  in 
the  year  practically  no  output  could  be  delivered  from  a  water-power  plant  alone. 
Both  storage  and  steam  are  required.  The  available  storage  would  bring  the  output 
68436— 17— VOL  vi 17 
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up  to  a  contmuous  annual  delivery  of  4,000  kilowatts,  and  by  the  addition  of  about 
25  per  cent  of  ateam  power  in  lilowatt-houn  to  the  annual  output  the  capacity  ci  the 
plant  can  be  raised  to  10,000  kilowatts. 

All  of  the  above  curves  show  what  an  important  and  necessary  part  of  a  watw-power 
development  a  steam  auxiliary  is.  This  steam-genented  power  can  either  be  secured 
by  operating  occasionally  the  old  steam  plants  of  power  costomerB  which  have  been 
shut  down  by  purchase  of  power  from  water-power  company  or  by  coDstmcting  new 
steam  turbine  plant  as  a  part  of  the  water-power  system. 

Where  steam  power  is  to  be  supplied  to  make  up  the  deficiency  in  the  water- 
generated  power,  it  is  important  to  operate  the  steam  plant,  when  running,  in  the  most 
economical  way.  The  lowest  labor  and  fuel  cost  will  be  obtained  per  kilowatt-hour 
when  the  steam  plant  is  operating  at  practically  constant  load  throu^^iout  tiie  day. 
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Figure  VI  shows  a  specific  instance  which  has  been  figured  out  for  a  laige  combination 
plant  in  Japan.  The  curve  dhows  the  characteristic  daily  load  curve  and  the  proposed 
division  of  load  between  the  steam  and  water  power  which  gives  the  lowest  steam  cost. 
The  operating  expense  and  efficiency  of  a  water-power  plant  is  not  so  dependent  upon 
constant  output,  so  that  it  can  be  operated  in  the  combination  at  a  lower  load  factor 
taking  the  peaks  of  the  load. 

The  outlook  for  the  future  development  of  water  powers  appears  therefore  to  be 
laigely  in  the  line  of  power  plants  either  exclusively  driven  by  water  power  for  season- 
able variation  in  output,  as  illustrated  in  Figure  I,  or  for  constant-output  development, 
where  steam,  storage,  and  water  power  are  combined,  each  contributing  to  the  economy 
of  the  joint  operation. 
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The  Chairman.  That  completes  the  list  of  the  water-power  de- 
Telopment  papers.  The  topic  is  now  open  for  discussion.  New  and 
interesting  questions  are  brought  up:  Increasing  the  utilization  of 
water  power,  new  relationship  with  private  enterprise,  and  State 
rights.  All  these  questions  are  covered  in  the  papers.  Certainly  it 
is  a  most  timely  and  interesting  subject. 

Mr.  £[abapetoff.  Mr.  Chairman  and  gentlemen,  Mr.  Brown's 
paper  is  quite  a  forceful  presentation  of  a  tremendously  difficult 
problem  that  we  have  in  this  country,  and,  as  I  would  judge  from  his 
paper,  also  in  the  South  and  Central  Americas  as  welL  The  funda- 
mental difficulty  lies  in  our  changing  conception  of  justice.  Mr. 
Brown  quotes  a  certain  English  law,  according  to  which  any  advan- 
tages that  belonged  to  a  piece  of  land  belonged  to  the  owner  of  the 
land.  That  may  have  been  in  accordance  with  the  conception  of 
justice  centuries  ago,  but  it  is 'not  any  more  in  accordance  with  our 
modem  conception  of  justice.  Therefore  it  is  futile  to  try  to  bring 
us  back  to  the  old  ages  of  individualism.  The  masses  of  the  people 
may  not  realize  the  conditions  clearly,  but  they  certainly  feel  social 
justice  more  than  they  can  explain  it.  CoUectively  they  know  that 
they  have  to  protect  themselves  and  the  future  generations  against 
certain  encroachments  upon  natural  resources  which  they  consider  to 
be  theirs.  For  example,  useful  waterfalls  they  consider  to  belong  to 
the  people. 

I  fully  realize  that  from  an  investor's  point  of  view  the  situation  is 
entirely  unsatisfactory,  but  I  can  not  agree  with  Mr.  Brown  that  the 
solution  lies  in  our  going  back  and  allowing  an  unhampo'ed  devel- 
opment of  waterfalls  by  private  capital.  Nor  do  I  see  that  the  law- 
making bodies,  at  least  in  this  country,  are  going  to  make  it  any  easier 
for  the  private  capital.  As  I  say,  it  is  not  a  matter  of  what  is  better 
in  the  abstract;  it  is  a  question  of  what  peojde  are  actually  going  to 
do,  and  they  have  a  definite  idea  in  their  minds  that  they  have  to 
protect  themselves. 

I  feel  that  the  only  soluticm  of  our  difficulty  with  the  natural  re- 
sources lies  in  more  Government  activity;  we  must  urge  upon  our 
Congress  to  do  more  to  develop  water  power  by  the  Government. 
Instead  of  going  halfway,  instead  of  merely  protecting  the  natural 
resoiirces  against  possible  selfish  exploitation  by  the  private  capital, 
the  Government  should  do  its  work  completely  and  thoroughly  and 
actually  develop  these  resoiu*ces.  We  have  all  heard  the  old  story 
about  the  dog  in  the  manger  who  did  not  eat  the  hay  but  would  not 
let  anyone  else  eat  it. 

Our  Government  has  done  great  work  in  developing  water  power 
in  Arizona  and  elsewhere  in  the  Far  West.  This  is  not  to  be  denied. 
We  also  know  of  the  splendid  work  in  Panama  in  connection  with  the 
development  of  water  powers  there.    Those  developments  prophesy 
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far  greater  results,  and  show  us  what  can  be  accomplished  by 
an  enlightened  and  efficient  (jOTonment  in  this  direction.  It  is 
simply  a  question  of  time,  a  question  of  disseminating  among  the 
masses  of  the  people  the  knowledge  of  the  possibilities  of  Gbremment 
work  in  irrigation  and  in  water-power  development.  Tlien  the 
masses  will  urge  upon  their  representatives  to  allow  greater  appro- 
priaticms  for  this  work,  especially  wh^i  they  will  see  that  it  can  in 
time  be  made  sdf-supporting. 

Mr.  Brown  may  think  that  the  people's  aicroaehment  upon  burden- 
some monopolies  is  unwarranted,  but  I  believe  that  the  people  in  this 
country  have  come  to  this  aggressive  attitude  not  because  of  any 
theoretical  notions  as  to  what  may  happen  in  the  future,  but  because 
of  the  actual  lesson  of  i^e  present  situation  in  other  fields,  where 
large  corporations  try  to  extract  ttoujL  the  peojde  more  than  seems 
to  be  justified  by  our  present-day  notions  of  economic  justice.  The 
enlightened  masses  know  that  their  fear  is  well  founded,  that  it  is 
based  upon  actual  experience,  for  it  is  an  op^i  secret  that  in  the 
development  of  water  powers  a  great  many  watered  securities  have 
been  issued  in  the  past. 

I  also  do  not  quite  agi^ee  with  Mr.  Brown  as  to  the  engineering 
features  which  he  mentions.  He  seems  to  be  of  the  opinion  that  in 
this  country  there  are  several  large  water  powers  available  which 
would  be  developed,  if  it  were  not  for  an  imfavorable  market  for 
securities  and  for  the  exacting  conditions  upon  which  permits  can 
be  granted.  As  far  as  I  know,  practically  all  the  desirable  water 
powers,  aD  those  that  it  is  feasible  to  develop  economically  with  the 
present  status  of  our  art,  have  been  pretty  well  taken  care  of.  "Where 
the  commercial  conditions  are  favorable,  as  in  the  Southern  States  of 
this  country,  water-power  development  to  my  knowledge  has  pros- 
pered within  the  last  few  years  in  spite  of  legislative  obstacles.  But 
in  this  country  water-power  development  is  generally  quite  exp^ensive. 
We  have  no  vertical  waterfalls  as  in  Norway.  It  is  usually  a  question 
of  a  big  dam  and  of  storage  reservoirs  which  cost  several  millions  of 
dollars  upon  which  interest  has  to  be  paid.  In  many  cases  a  steam 
power  plant  near  the  load  location  can  be  developed  at  least 
as  cheaply  in  the  last  analysis,  that  is,  per  unit  of  developed  energy. 
Then  there  is  the  important  question  of  an  unfavorable  load  factor 
to  be  considered,  also  of  no  power  market.  This  latter  question  must 
be  weU  consid^^d  in  this  country  as  well  as  in  South  America. 

So,  while  I  fully  and  heartily  agree  with  Mr.  Brown  in  urging  a 
remedy  and  an  action,  I  can  not  agree  with  him  that  that  remedy 
lies  in  a  more  lenient  legislation  enabling  private  capital  to  devdop 
water  powers.  I  think  the  remedy  lies  in  promoting  legislation  which 
will  enable  the  Government,  National  or  State,  to  do  more  actual 
hydraulic  development.    In  the  meanwhile  it  is  simply  a  matter  of 
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the  preserving  of  water  power  aBd  of  keepiDg  it  away  from  private 
ownership  until  conditions  are  such,  both  technioallj  and  economi- 
cally, that  a  certain  water  power  can  be  devdoped  profitably  tot  the 
Nation. 

Mr.  MnjiAm)  F.  Bowbn.  For  quite  a  number  of  years  I  have  been 
interested  in  promoting  the  use  of  water  for  power  and  other  purposes. 
You  are  perhaps  f  amihar  with  the  conditions  that  have  been  brought 
about  in  Chicago  by  the  reversing  of  the  Chicago  River  and  the  carry- 
ing from  Lake  Michigan  the  sewage  of  Qiicago  so  as  to  maintain  pure 
water  in  Lake  Michigan  for  domestic  purposes  and  to  use  that  sewage 
water  at  Lockport,  SI.,  for  the  development  of  power.  The  fall  at 
Lockportis  only  40  feet.  Some  years  ago  I  began  to  study  the  ccmdi* 
ti<ms  m  and  about  the  Niagara  f^tier  with  a  view  of  carrying  out  the 
princii^  established  by  the  success  of  the  diicago  drainage  canal,  i.  e., 
of  using  to  its  fullest  efficiency  the  fall  of  the  Niagara  River  for  power 
purposes  and  of  using  the  sewage  water  of  all  of  the  frontier  cities, 
together  with  further  water  from  Lake  Erie,  tor  dilution  of  the  sewage 
andcurying  it  away  through  a  canal  running  from  Lake  Ekie  to  Lake 
Ontario.  Perhaps  you  are  familiar  with  the  conditions  existii^  in  the 
Niagara  River.  There  is  a  total  fall  there  of  327  feet.  Unfortunately 
the  first  development  there  was  experimental.  Niagara  Falls  Power 
Co.  is  fflititled  to  all  the  credit  that  they  have  received  and  can  receive 
for  what  they  have  done.  They  have  only  used  out  of  that  total  ol 
327  feet,  on  the  basis  of  conservation,  a  fall  of  136  feet.  There  is  a 
tremendous  loss  of  efficiency  in  that  and  I  have  so  designed  a  canal 
that  it  will  carry  off  all  the  sewage  of  the  frontiw  cities  from  Lacka- 
wanna, including  Buffalo,  Tonawanda,  Lockport,  and  Niagara  FaUs 
itself.  All  of  these  can  be  drained  into  this  canal,  reversing  all  the 
streams  that  carry  storm  water  and  sewage  now  into  the  drinking 
water  of  Lake  Erie,  and  using  the  wat^  over  again  in  this  canal  three 
times  between  the  two  lakes.  One  can  use  thereby,  instead  of  only 
Idd  feet  of  fall,  313^  feet  of  fall,  thereby  getting  2.3  times  as  much 
efficiency  from  every  cubic  foot  of  watar  as  has  been  developed  by 
the  Niagara  Falls  Power  Co.,  and  almost  all  of  the  power  companies 
on  both  sides  of  the  river  at  Niagara  Falls.  They  use  from  136  feet, 
those  on  the  Canadian  side,  to  as  hig^  as  142  feet,  and  one  company 
on  the  American  side  that  reaches  the  canal  through  the  city  of 
Niagara  Falls  uses  210  feet.  But  there  are  313  feet  available  and 
you  can  calculate  what  a  tremendous  loss  in  efficiency  there  is  in 
not  usii^  all  of  that  natural  resource  to  its  fullest  extoat. 

It  is  our  purpose  to  get  the  right  from  Congress  to  use  this  water 
under  a  general  law,  not  under  a  special  law.  There  has  been  passed 
in  the  last  session  of  the  last  Congress — not  passed,  but  recommended 
to  pass,  reported  out  from  the  committee  favorably — a  bill  ealled  the 
CSine  bill  that  will  compel  all  of  the  users  of  Niagara  River  water 
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to  use  it  to  its  fullest  e£^ency,  leaving  the  detonuination  of  the  use 
to  the  Secretary  of  War  and  tihe  Chief  of  Engineers.  If  that  is  done 
all  those  companies  now  operating  on  the  American  side  of  the  Falls 
would  have  to  reconstruct  their  work  to  get,  instead  of  136  feet,  313 
feet.  It  can  scarcely  be  expectod  in  the  near  future  that  they  will 
be  compeUed  to  reconstruct  their  works  all  at  once,  but  it  ought  to 
be  gradually  brought  about  so  that  all  of  the  use  of  the  wator,  wher- 
ever a  development  is  to  be  brought  about,  shall  be  obtained  not  only 
for  power  but  for  other  purposes  as  well.  There  are  so  many  chances 
for  conservation  of  this  natural  resource  that  all  the  laws  of  the  Nation 
and  the  Statos  should  be  so  framed  as  to  insist  upon  the  fullest 
efficiency  being  obtained  and  to  leave  to  some  central  authority  the 
right  to  detormine  upon  what  basis  that  efficiency  may  be  obtained. 

Mr.  Dbutsgh.  Mr.  Chairman,  inasmuch  as  I  contomplato  covering 
the  points  that  I  am  about  to  make  in  the  paper  which  I  am  scheduled 
to  read  this  aftomoon,  I  will  only  briefly  refer  to  them  now. 

In  view  of  the  fact  that  the  wator  department  has  jurisdiction  over 
all  navigable  and  national  boundary  streams,  a  limitation  has  been 
set  on  the  amount  of  wator  that  may  be  withdrawn  from  the  Niagara 
River  for  power  development  at  Niagara  Falls.  As  to  whether  the 
limitations  set  by  the  wator  department  are  just  or  not  has  been  a 
bone  of  contontion  for  many  years  past.  Much  of  this  has  been 
broiight  about  by  the  constant  antagonism  of  the  American  Scenic 
Preservation  Societies.  Due  to  this  limitation  the  power  companies 
at  Niagara  Falls  have  not  been  able  to  develop  their  power  plants 
with  the  greatest  possible  efficiency. 

During  my  recent  study  of  wator  power  conditions  at  Niagara  Falls, 
I  f oimd  that  the  demand  for  electric  current  was  far  greator  than  could 
be  supplied  by  all  of  the  present  companies  operating  under  present 
treaty  limitations,  which  permit  36,000  cubic  feet  per  second  to  be 
utilized  on  the  Canadian  side  and  only  20,000  cubic  feet  on  the 
American  side,  although  over  59  per  cent  of  the  total  wator  shed  feed- 
ing this  river  is  American  territory.  When  the  Niagara  Falls  Power 
Co.  built  its  first  plant,  it  was  done  with  the  knowledge  that  the 
available  hydraulic  head  and  flow  was  being  utilized  inefficiently  by 
reason  of  these  limitations.  Now  about  28  years  af  tor  the  commence- 
ment of  their  development  they  find  it  necessary  to  spend  hundreds 
of  thousands  of  doUars  in  order  to  improve  the  efficiency  of  their 
plant  so  that  they  may  be  bettor  able  to  meet  the  competition. 

If  opportunity  is  to  be  afforded  to  financiers  to  utilize  our  potential 
wator  powers  at  Niagara  and  other  parts  of  North  and  South  America, 
it  is  very  urgent  that  equitable  and  just  laws  be  passed  which  wiU 
give  an  added  impetus  for  investment  in  this  field. 

While  the  total  destruction  of  the  Niagara  Falls  for  power  purposes 
has  never  been  proposed,  the  possibility  of  the  intermittent  utiliza- 
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tion  of  this  water  fall  and  otlieTs  is  worth  C(msideration  at  the  present 
time  of  greatly  inca^ased  demand  for  power  at  Niagara  Falls  as  well  as 
elsewhere.  Such  a  plan  of  intermittent  diversion  of  water  will,  of 
course,  be  only  feasible  if  the  electric  current  generated  during  the 
period  of  operation  of  the  turbines  can  be  utilized  throughout  the 
night  and  made  effective  for  practical  use  throughout  the  rest  of  the 
day.  This  would  be  quite  practical  in  the  refrigeration  and  cold 
storage  industry  where  the  brine  at  extremely  low  temperatures 
obtained  during  the  operation  of  the  turbines  at  ni^t  would  stiU 
be  of  suflEicient  effectiveness  to  be  used  for  circulation  during  the  rest 
of  the  day  when  the  least  flow  of  water  over  the  Falls  is  diverted. 
Such  a  plan,  if  adopted,  should  result  in  obtaining  power  required  in 
refrigerating  plants  at  lower  costs  than  heretofore  available  and  in 
making  it  feasible  for  the  clustering  of  large  packing  houses  around 
such  water  powers  as  a  center.  Other  industries  would  soon  take 
advantage  of  this  opportunity.  The  general  clustering  of  electro- 
chemical plants  or  other  industries  around  water  powers  would  be  of 
great  benefit  to  all  of  them  as  a  result  of  the  cheapening  of  power  and' 
reduction  in  cost  of  transportation  and  other  factors  of  economy 
which  result  from  cooperation  and  combinations  of  this  kind. 

Mr.  Finney.  Mr.  Chairman,  I  would  like  to  say  just  a  few  words 
with  respect  to  Prof.  Karapetoff 's  presentation  of  ^e  matter.  I  have 
not  heard  until  to-day  in  the  discussion  of  water  power  develop- 
ment in  the  United  States  a  serious  proposal  that  the  Government, 
Federal  or  State,  should  develop  water  powers.  I  think  that  is 
as  impracticable  a  suggestion  as  could  be  well  conceived  of.  The 
Government  is  a  government  of  delegated  powers,  and  without 
amendments  to  the  Federal  Constitution  I  do  not  believe  that  the 
Federal  Government  could  or  wiJJ  ever  seriously  build  and  operate 
water  powers  in  the  United  States.  Prof.  Karapetoff  refers  to  the 
irrigation  work.  The  development  of  such  powers  of  irrigation  is 
purely  an  incident  to  the  supplying  of  water  to  the  irrigated  lands, 
pumping  the  water,  etc.  It  is  confined  solely  to  that,  only  inci- 
dentally supi^ying  a  moderate  amount  of  heat  in  the  months  that 
the  plimt  does  not  work  for  irrigation.  In  the  case  of  the  Panama 
Canal,  the  development  of  power  there  is  purely  an  incident,  a 
utility  for  the  operation  of  the  Panama  Canal,  and  I  do  not  think 
we  need  seriously  consider  the  fact  that  the  Government  is  ever 
going  to  engage  in  the  development  of  water  power  as  a  general 
proposition. 

TOie  situation  with  respect  to  southern  water  powers  is  very  easily 
explained.  Most  of  the  southern  water  powers  have  been  developed 
without  the  help  of  the  Federal  Government.  They  are  on  such 
streams  as  require  no  Federal  aid  to  develop.  A  company  gets  a 
State  charter,  buys  a  charter  and  becomes  owner  of  the  riparian 
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righto  and  develops  that  power  without  the  Federal  Govemmdat 
having  anything  to  do  about  it.  I  think  tiiat  exfdains  the  fact  that 
where  Federal  consent  is  required  the  water  poweis  have  been  very 
greatly  held  back. 

I  qmte  i^ree  with  Prof.  Earapetoff  that  times  have  changed  and 
that  our  conception  of  Uie  righto  of  the  people  are  changing.  Water 
power  is  a  great  natural  resource  of  immense  benefit,  primuily  to  ih6 
community  needing  the  development.  But  the  conununity  ou^it 
to  have  the  right  to  say  whether  that  power  shall  be  developed  or  nok 
It  has  the  greatest  interest  in  it.  It  has  an  interest  primarily  in  the 
develoi»nent  of  the  pow^  rather  than  in  its  regulation  and  controL 
I  do  not  know  of  any  business  in  the  United  States  that  has  had 
attached  to  it  so  Utile  of  injustice  to  ito  clientage  as  the  electrical 
power  business.  There  is  not  a  plant  that  I  know  of  in  the  United 
States  that  is  not  selling  power  just  as  cheap  as  powcnr  can  be  made 
and  sold  for,  and  I  do  not  know  of  any  water-power  company  in  the 
United  States  that  is  making  an  undue  amount  of  money  out  of  their 
operation.  As  a  matter  of  fact,  there  are  a  great  many  of  them  that 
have  failed  to  make  any  money  at  all.  The  electrical  power  UMlay 
is  the  cheapest  commodity  that  I  know  of  in  the  daily  life  of  the 
people,  and  that  is  true  whether  the  power  is  10  cento  a  kilowatt  for 
miscellaneous  lighting  of  one's  home,  or  a  cent  or  a  half  a  cent  per 
kilowatt  in  large  blocks  to  power  consumers. 

Now  we  are  all  agreed  that  water  power  should  be  developed. 
We  are  all  agreed  tliat  the  mcmopolistic  element,  and  it  is  a  natural 
monopoly,  should  be  restrained  where  it  is  necessary.  I  think  most 
of  us  will  agree  that  if  we  wait  for  the  develo}»nent  of  water  powers 
by  National  and  State  Govemmento  we  shall  be  waiting  a  long  time. 
It  is  inevitable  that  private  capital  should  occupy  the  field  if  it  is 
gqing  to  be  done  at  all. 

What  does  capital  want  with  respect  to  water  power)  Capital,  it 
seems  to  me,  wanto  only  fairness.  It  wante  the  right  to  enter  a 
legitimate  business,  to  do  business  on  a  permanent  bams  and  to  earn 
a  reasonable  amount  of  money.  If  that  reasonable  anM>unt  of  money 
is  not  there  to  be  had,  capital  wiU  not  go  into  the  business.  It  wants 
permanency  of  occupation.  It  does  not  want  a  revocable  permit. 
CSapital  can  not  be  gotten  together  on  any  such  basis  as  that.  It 
wante  stabiUty  of  investment  and  it  finally  wante  repayment,  if  it  has 
to  cease  ite  operations  at  some  predetermined  time.  I  think  that  is 
all  it  wante.  It  wante  the  right  to  do  business,  to  enter  a  le^timate 
business,  and  a  chance  to  earn  a  fair  return,  and  it  wanto  permanence 
of  investment,  and  repayment  when  that  investment  stops  at  a 
{Nredetermined  time.  It  does  not  care  v^ry  much  whether  it  is 
regulated  by  States,  or  whetlier  it  is  regulated  by  the  Federal  Govenn 
ment  in  aU  of  these  things.    It  does  not  want  two  aoverugzis  regu- 
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lating  it.  I  think  the  great  trouble  that  industry  f  aees  to-day  is 
that  vre  hare  not  yet  gotten  at  what  capital  must  hare  before  it 
malces  the  investment.  I  do  not  b^ere  there  is  a  man  in  the  room 
that  would  inrest  a  dc^ar  in  a  hydroelectric  plant  under  any  bill 
that  I  hare  seen  proposed  in  Congress  that  has  passed  either  brandi 
of  Congress  in  the  last  10  3rearB.  I  know  I  would  not  because  I  have 
ioo  much  regard  for  my  dollar.  And  I  want  that  dollar,  when  it  is 
investedi  to  come  back  to  me  at  the  end  of  an  agreed  period. 

Tb/b  trouble  with  the  situation  is  that  Congress  has  an  erroneous 
idea  as  to  the  ralue  of  water  power  and  as  to  its  cheapness.  I  think 
Congress  feels  that  every  watmr  power  in  the  United  States  is  a  gold 
mine,  and  that  when  tliey  are  passing  out  a  permit  for  the  use  of  the 
property  that  means  the  future  is  assured  for  the  company  which 
will  have  a  regular  daily  return  represented  by  from  100  to  1,000  per 
cent  profit.  As  a  matter  of  fact  we  can  count  on  the  fingers  of  one 
hand  almost  all  the  money  earners  in  hydroelectric  development  in 
the  United  States.  And  money  can  not  be  earned  unless  there  is 
coupled  with  that  particular  plant  a  very  large  investment  in  sub- 
sidiary plants  in  the  way  of  steam  or  public  utility  services  or  some- 
thing of  that  kind,  a  very  large  commercial  load  of  some  electro- 
chemical or  electrometallurgical  operation.  Congress  has  the  idea^ 
too,  that  public  seryice  is  to  be  guarded  against  monopoly. 

I  heard  it  said  at  the  San  Francisco  meeting  that  there  is  an  over- 
development of  electric  power  in  the  United  States;  and  that  is  in 
part  true.  There  is  an  overdevelopment  of  power  on  the  Pacific 
Coast  because  the  population  is  not  there  to  distribute  it  as  a  public 
utility.  The  lai^  development  and  the  large  use  of  power  are 
not  going  to  come  in  public  service  use.  We  have  got  six  and 
one-haH  million  horsepower  developed  in  the  United  States  to-day, 
and  I  should  say  that  that  is  enough  power,  with  a  moderate  increase 
from  year  to  year,  to  take  care  of  all  public  service  demands.  A 
modest  increase  will  take  place  from  year  to  year.  The  large  de- 
velopment of  water  power  in  the  United  States  is  going  to  come  from 
the  electrochemical  and  the  electrometallurgical  industries  in  the 
way  that  Prcrf.  KarapetofF  said  just  now.  Those  industries  are  only 
a  semipublic  use,  if  I  may  be  permitted  to  use  that  term.  The  electro- 
diemical  operation  requires  as  the  very  foundation  for  its  establish- 
ment large  blocks  of  dhieap  power.  It  goes  to  a  remote  section  of  the 
country;  it  starts  its  operation  and  builds  a  town  in  what  has  been, 
perhaps,  a  wilderness,  and  it  is  there  to  stay,  as  far  as  we  can  see,  for 
all  time.  It  can  not  go  there  with  the  idea  of  building  itself  up  for 
60  years  and  at  the  raid  of  60  years  turning  the  company  over  to  some 
other  entirely  different  operation.  Permanence  is  as  much  a  feature 
of  the  successful  establidmient  of  this  sort  of  industry  as  cheap 
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power  is.  Into  the  same  class  comes  the  electrification  of  steam 
roads.  I  do  not  suppose  there  is  any  railroad  in  the  United  States 
that  would  electrify  with  the  feeling  that  at  the  end  of  an  agreed 
Juried  of  time,  whether  that  time  is  50  years  or  longer,  they  could 
no  longer  operate  their  road  at  a  profit.  Take  the  subject  of  the 
irrigation  of  arid  lands.  That  is  almost  in  the  same  class  as  a 
semipubUc  use.  We  have,  perhaps,  reached  about  the  limit  of  ihe 
irrigation  of  lands  by  private  systems  in  the  United  States.  There 
are  very  large  areas  of  arid  lands  in  tiie  West  and  swamp  lands  in  the 
East  and  South  where  electric  power  is  absolutely  required  for  the 
pumping  of  water  either  to  water  the  lands  or  to  dewater  them. 
Do  you  suppose  there  would  be  any  deyelopment  of  commercial 
operations  that  would  use  this  power  if,  at  the  end  of  50  years,  the 
plant  had  to  stop  and  be  devoted  to  some  other  purpose  than  the 
pumping  of  water)  It  would  simply  mean  that  that  land  would 
again  go  back  into  a  desert.  So  that  those  larger  operations,  from 
which  will  come  the  largest  use  of  electric  power  in  the  United 
States,  must  have  two  things  at  least  as  their  foundation — cheap- 
ness and  permanency. 

The  conservation  idea  represented  by  the  bills  that  almost  passed 
the  last  session  of  Congress,  the  Adamson  bill  and  the  Ferris  bill,  are 
based  on  a  whoUy  wrong  understanding  of  the  problem.  They 
are  not  fair  either  to  the  communities  that  need  the  power,  or  to 
the  capital  required  for  the  development  of  the  power,  and  when 
you  eUminate  fairness  in  proposed  legislation  you  do  not  get  very 
far  with  it. 

Mr.  Flikk.  Mr.  Chairman,  in  a  broad,  fimdamental  consideration 
of  the  control  and  regulation  of  water,  there  must  always  be  kept  in 
mind  the  fact  that  water  is  used  for  several  purposes.  Water  power 
development  is  one  of  them.  The  supply  of  water  for  domestic  and 
manufacturing  uses  in  our  community  is  another  and  navigation  is  a 
third.  Coupled  with  them  frequently  is  the  regulation  of  stream 
control  for  the  prevention  of  destruction  of  property  or  for  the  bet- 
ter utilization  of  the  water.  In  some  cases  one  of  these  uses  must 
take  precedence  over  another.  In  some  cases  two  or  more  of  them 
may  be  harmoniously  combined.  It  seems  to  me  that  one  of  the 
chief  fimctions  of  Gtovemment,  whether  local  or  central,  is  to  deter- 
mine the  use  or  to  combine  the  uses  to  which  water  cfm  best  be  put. 
In  some  cases  the  fimdamental  use  of  water  for  the  supplying  of 
our  homes,  whether  for  drinking  or  for  bathing  or  for  the  other  neces- 
sities of  human  life,  must  take  precedence  over  everything  else.  For 
example.  New  York  City  has  been  obliged  to  appropriate,  wilJi  the 
consent  of  the  State,  two  or  three  streams  of  considerable  size  purely 
for  such  uses.  In  one  or  more  of  those  streams  there  are  water-power 
possibilities,  not  of  exceedingly  great  value,  but  still  of  some  value. 
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But  the  use  with  respect  to  the  fundamental  necessity  was  so  much 
greater  that  the  city  was  given  the  right  to  utilize  the  water  and  to 
pay  a  reasonable  compensation  for  the  power  rights. 

Another  thought  comes  to  my  mind  in  respect  to  this  fundamental 
discussion  of  the  control  of  water,  and  that  is  this:  Our  country  is 
divided  quite  arbitrarily  into  States,  and  the  States  are  subdivided, 
quite  as  arbitrarily,  into  other  subdivisions.  And  nature  did  not 
tiius  subdivide  the  water  map  of  our  country.  The  natural  subdi- 
visions of  the  water  map  are  the  watershed  divides.  The  country, 
for  our  purposes,  by  nature,  is  divided  into  great  drainage  basins, 
and  it  seems  to  me  we  will  not  get  at  a  sound  and  reasonable  control 
of  the  water  resources  of  the  coimtry  until  the  control  is  based  upon 
the  natural  lines,  not  having  two  or  three  different  sovereigns  con- 
flicting in  the  attempt  to  control  the  same  stream.  For  example, 
many  of  our  large  cities  are  forced  to  go  great  distances  or  to  use  less 
desirable  water  at  great  expense  simply  because  a  nearer,  but  still  a 
satisfactory  stream  is  just  across  some  artificial  line  on  a  piece  of 
paper  which  is  called  a  State  boundary.    This  is  not  eflSiciency. 

Mr.  Hess.  Mr.  Chairman,  the  remarks  made  by  the  last  speaker 
will  bear  I  think  a  small  amoimt  of  elaboration.  I  refer  to  the  dif- 
ferent uses  to  which  water  may  be  put.  The  significance  of  the  dif- 
ferent uses  of  water  in  relation  to  the  possible  powers  of  Government 
in  matters  of  regulation,  to  my  mind,  lies  chiefly  in  evolutionary 
change,  and  is  associated,  of  course,  with  social  progress.  I  mean 
to  say  that  the  different  uses  may  assume  different  significance  as 
time  goes  on.  It  is  true  that  in  the  use  of  water  in  the  West 
one  of  the  first  purposes  was  for  placer  mining.  Placer  mining 
was  at  that  time  of  prime  importance,  and  when  the  riparian  use 
was  foimd  to  be  inapplicable  under  western  conditions,  the  use  of 
water  for  placer  mining  was  given  first  importance.  Later  on  the 
agricultural  use,  its  use  for  irrigation,  was  made  of  primary  impor- 
tance, and  placer  mining  then  took  second  place.  Still  later  on  the 
use  of  water  for  manufacturing  purposes  became  of  primary  impor- 
tance, and  so  we  find  that  as  society  and  industry  change  there  is  a 
variation,  not  only  in  the  uses,  but  in  the  order  of  the  importance  of 
the  uses. 

Now  the  period  during  which  franchises  of  water  usage  may  be 
assigned  to  a  corporation,  it  seems  to  me,  should  be  somewhat  depend- 
ent upon  the  possible  social  change  which  may  bring  about  a  read- 
justment in  the  order  of  uses.  Up  in  Wisconsin  we  are  using  water 
primarily  for  the  grinding  of  pulp.  Those  pulp  miUs  and  the  paper 
and  water-power  companies  associated  there  desired  long-time  fran- 
chises. Now  the  question  comes  up.  May  it  not  be  that  in  the  course 
of  30  or  40  years  that  pulp  grinding  will  descend  to  a  matter  of  second- 
ary or  even  tertiary  significance  in  the  water  economy  of  that  State, 
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and  may  it  not  be  well  to  haye  an  indeterminate  permit,  leaving  it  to 
a  reasonable  and  rational  body  to  decide  whether  or  not  changed  con- 
ditions placed  a  higher  importance  upon  some  other  use  than  pulp 
grinding,  and  making  it  possible  to  set  aside  the  franchises  of  tiiose 
corporations  and  to  appropriate  that  water  to  what  may  become,  in 
the  course  of  years,  a  higher  use  than  the  grinding  of  pulp  and  the 
manufacture  of  paper — with  soma  of  the  powers  at  least)  Not  neces- 
sarily so  with  all  the  larger  companies,  but  with  some  of  them  it 
would  be  so. 

The  question  has  come  up  concerning  what  capital  expects.  Capital 
wants  a  reasonable  return;  it  wants  its  doUar  back  at  the  end  of  a 
stipulated  time,  which  may  be  involved  in  the  franchise  for  which  the 
water  power  is  used.  I  have  observed  capitalists  in  defining  what  they 
seem  to  mean  by  reasonable  return  and  reasonable  continuaticm  for 
their  franchise  rights,  and  I  have  observed  that  they  are  not  entirely 
consistent. 

When  we  had  our  bills  before  the  Wisconsin  Legislature  the  different 
capitalists,  those  who  were  already  in  the  field  in  our  State  and  who 
had  been  longer  in  the  field  in  Michigan  and  in  the  West,  were  not 
willing  to  have  the  rate  of  return  fixed  by  a  commission.  We  had  a 
railroad  conmiission  which  was  handling  the  matter  of  reasonableness 
of  returns  with  regard  to  public  utilities.  They  started  in  upon  a 
6  per  cent  basis  of  reasonableness  and  became  somewhat  more  liberal 
as  time  went  on  until  now  I  believe  they  are  operating  upon  a  basis  of 
about  7i  per  cent.  Upon  risk-bearing  conmion  stock  they  are  in- 
clined to  hold  that  as  high  as  10  or  12  per  cent  may  be  a  reasonable 
return,  and  upon  better  secured  investments,  mortgage  bonds  of 
perhaps  5  or  6  per  cent,  an  average  of  7^  per  cent  is  expected.  But 
a  gentleman  from  Indianapolis,  I  believe,  president  of  a  large  capital 
stock  concern,  said,  ''We  don't  want  6  per  cent,  7  or  8  per  cent;  we 
are  not  concerned  with  the  State  government  reUeving  us  of  any  of 
the  risk  involved;  we  want  to  take  the  risk;  we  do  not  care  to  have  the 
issue  of  our  securities  supervised;  we  do  not  care  to  have  a  permit  of 
convenience  and  necessity,  which  is  something  of  an  assurance  on  the 
market  for  our  powers  and  a  legitimate  statement  of  the  legitimacy 
of  the  assessment  of  our  securities.  We  prefer  to  take  the  responsi- 
bility for  aU  that  risk  ourselves.  We  will  raise  the  capital,  but  we 
are  not  interested  in  6  or  7  per  cent;  we  go  in  for  20  per  cent,  and  if 
that  bill  is  passed  by  the  legislature  we  will  simply  withdraw  from  Uie 
State,  because  we  are  in  for  returns  for  a  short  length  of  tune^  and  we 
will  carry  our  own  risks  as  well." 

Now,  when  capital  puts  up  a  proposition  of  that  kind  to  the  people 
concerning  the  development  of  a  water  power,  it  seems  to  me  Uiere 
is  occasion  for  some  question  as  to  what  is  meant  by  "reasonableness,'' 
and  also  the  length  of  the  franchise.  The  most  significant  feature  in 
the  matter  of  franchise  is  this  evolutionary  change.    Conditions  will 
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<duinge  so  that  a  use  which  is  now  unforeseen  wiU  take  the  place  of 
one  which  seems  now  quite  necessary  and  customary.  If  an  estab- 
lishment is  on  the  ground  with  a  franchise  for  SO  or  75  years,  it  will 
not  be  possible  to  make  that  readjustment. 

Now,  just  one  other  thing:  We  have  observed  in  Wisconsin  that 
one  of  the  obstacles  to  development  is  the  fact  that  a  riparian  owner, 
because  of  having  settled  up<Mi  a  homestead  claim  or  preemption 
claim  or  something  of  that  kind,  holds  the  riparian  rights  of  a  stream, 
and  when  the  question  of  development  arises  he  is  not  particularly 
interested,  because  he  knows  he  has  something  there  that  in  the 
future  will  be  valuable.  What  he  hopes  to  do  is  to  sell  out  to  some- 
body and  to  sell  out  at  something  which  will  make  it  possible  for  him 
to  live  in  town  and  to  live  in  indolence  and  leisure  for  the  rest  of  his 
life.  That  touches  a  point  which  was  mentioned  by  one  of  the 
speakers,  i.  e.,  that  there  should  be  some  hesitation  in  the  passing  of 
title  to  private  owners  in  water  powers,  lliat  very  passing  of  a  -title 
at  a  time  before  there  is  occasicm  for  the  development  of  such  power 
may  defer  that  development  beyond  the  time  when  it  should  be 
brought  about.  The  title  being  passed  for  a  consideration  of  little 
or  nothing,  corresponding  with  the  absence  of  present  demand  for 
that  power,  becomes  a  claim  which  may  hold  up  the  development  of 
that  power  when  it  becomes  desirable.  It  is  rather  difficult  for  me 
to  say  whether  any  individual  as  an  individual  should  want  an 
interest,  any  kind  of  a  proprietary  interest  extending  over  a  period 
of  more  than  40  or  50  years.  TImb  normal  expectancy  of  the  life  of 
the  average  man  who  is  going  into  the  water-power  business  is  not 
more  than  30  or  35  years.  His  average  life,  as  the  insurance  actuary 
works  it  out,  is  about  that  time.  Now,  why  should  he  endeavor  to 
have  a  proprietary  hold  upon  something  that  is  50  or  75  years  into 
the  future  1  There  is  only  one  reason.  If  he  can  organize  that  under 
the  form  of  corporate  business  and  then  issue  capital  seciuities  upon 
it,  he  can  sell  the  latter,  and  to  my  notion  that  is  not  the  best  sort  of 
financial  handling  of  resources  which  are  of  such  a  pubUc  nature  as 
water-power  resources.  Let  the  values,  the  commercial  values, 
develop  when  the  commercial  use  is  developed  and  not  for  an  un- 
reasonable period  prior  to  that  be  subject  to  discount. 

Mr.  Kaeapetoff.  Mr.  Chairman,  one  of  the  Brazilian  delegates 
would  like  to  say  a  few  words.  He  is  going  to  speak  in  French,  and 
has  asked  me  to  translate  what  he  is  going  to  say.  I  refer  to  Senhor 
Luis  Betim  Paes  Leme. 

Mr.  Pabs  Leme%  Mr.  Chairman  and  gentlemen,  I  am  somewhat  sur- 
prised to  see  a  legislative  question  of  ownership  of  water  debated  in 
this  assemblage  of  engineers.  I  should  be  just  as  much  surprised  to 
see  treated  in  an  assemblage  of  sociologists  the  question  of  dimensions 
of  motors  or  something  of  that  kind. 
6843e-17— VOL  VI 18 
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L^islation  in  r^ard  to  the  ownership  of  waterfalls  wiH  develop 
in  one  direction  or  another  according  to  whether  the  ideas  of  indi- 
vidualists or  of  adherents  of  State  socialism  will  triumph.  If  some 
day  SociaUsts  have  the  power  and  will  confiscate  all  the  water  powers 
on .  earth,  certainly  they  will  not  consult  us  engineers.  Our  part 
is  more  important  and  more  beautiful  than  the  vision  of  riches. 
Our  r6le  as  engineers  is  to  create  new  riches.  The  strug^e  for 
existence  is  less  bitter  to-day  than  it  used  to  be  because  there  are 
more  resources,  and  the  problem  of  the  struggle  will  be  solved  by 
adding  more  resources. 

In  Mr.  Brown's  paper  on  the  water  powers  of  South  America  he 
mentions  those  water  powers  fully,  with  the  exception  of  those  in 
Brazil.  Brazil  possesses  the  greatest  water  power  in  the  world, 
capable  of  developing  40,000,000  horsepower. 

The  Chairman.  We  must  now  come  to  the  paper  conUibuted  by 
Mr.  Philip  Torchio  on  the  subject  of  ''Industrial  applications  of 
electricity."  As  Mr.  Torchio  is  not  present,  I  wiU  call  upon  Mr. 
Ealof  to  read  an  abstract  of  the  paper. 

The  paper  in  full  follows: 


INDUSTRIAL  APPUCAHONS  OF  ELECTRICITY. 

By  PHILIP  TORCHIO, 
Chief  Electrical  Engineer,  the  New  York  Edieon  Co, 

INTRODUCnOK. 

To  give  a  concrete  idea  of  the  relative  importance  of  the  industrial  applications  of 

electricity,  it  is  opportune  to  start  with  a  statement  of  the  amount  of  primary  power 

in  use  at  present.    For  lack  of  accurate  statistics  we  may  quote  the  following  estimate 

by  Mr.  D.  B.  Bushmore  of  the  power  used  in  the  United  States: 

HoraepowQT. 

Manufactures 25,000,000 

Central  stations 8,000,000 

Isolated  plants 4,250,000 

Street  and  electric  railways 4, 000, 000 

Steam  railroads ,50, 000, 000 

Steam  and  naval  vessels '  5,000,000 

Mines  and  quarries 6, 000, 000 

Flour,  grist,  and  saw  mills 1, 250, 000 

Irrigation 500,000 

Automobiles 25, 000, 000 

Horses  and  mules 25, 000, 000 

Total 154,000,000 

It  is  estimated  that  manufacturers  use  over  11,000,000  horsepofWor  of  electric  power. 
Adding  the  central  stations  and  the  street  and  electric  railways  and,  say,  2,000,000 
horsepower  of  electric  power  from  the  other  classifications,  we  obtain  a  total  of  25,000,- 
000  horsepower  used  in  the  form  of  electricity,  or  one-sixth  of  all  the  primary  power 
in  the  United  States.    If  we  exclude  steam  railroads,  automobiles,  horses^and  mules, 
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we  have  left  a  total  of  64,000,000  honepower,  of  which  25,000,000  horsepower,  or  neariy 
60  per  cent,  Is  used  In  the  torn  of  electricity  in  this  country.  In  other  impcnrtant  coun* 
tries  relatively  similar  conditions  will  probably  prevail. 

If  we  consider  that  this  form  of  utilising  eneigy  has  been  in  use  for  so  few  years,  we 
must  be  impressed  by  the  progress  electricity  has  made  in  its  applications  to  all  the 
industries. 

Aside,  however,  from  the  field  of  established  industries  or  their  gro?7th,  electricity 
is  making  great  strides,  first,  in  replacing  the  human  effort  as  primary  power,  like 
with  the  household  labor-saving  and  convenience  devices;  second,  in  replacing 
inferior  means  of  obtaining  heat  or  refrigeration,  like  the  electric  furnaces  f <»r  reducing 
and  melting  of  metals,  the  electric  heating  and  cooking,  the  manufacture  of  ice  and 
refrigeration;  third,  in  creating  fertility  where  barrenness  <nr  meagemees  existed, 
like  in  irrigation  of  arid  lands  or  intense  cultivation  of  farms  and  gardens;  and,  fourth, 
in  developing  new  sources  of  wealth,  like  in  the  abstraction  of  nitrogen  from  air, 
aluminum  from  earths,  purification  of  waters,  etc. 

In  reviewing  the  developments  of  industrial  applictrtions  of  electricity  it  would  be 
unnccesBa(ry  to  dwell  upon  the  advantages  of  electricity  in  the  case  of  strictly  elec- 
trical processes,  such  as,  for  instance,  the  electrochemical,  as  these  usually  exclude 
alternative  means  of  obtaining  the  same  products  or  results.  In  such  cases  the  develop- 
ments are  only  guided  by  commercial  considerations  and  the  supply  and  demand  of 
the  given  product. 

However,  the  selection  of  electric  power  over  other  forms  of  power  is  jirompted  by 
consideration  of  economic  advantages.  In  reviewing  the  several  applications  data 
will  be  furnished,  where  possible,  to  show  the  relative  costs  of  electric  and  mechan- 
ical transmission.  But,  in  the  majority  of  instances,  the  mere  difference  in  cost  of 
power  alone  will  rarely  bear  such  relative  proportion  to  the  total  cost  of  the  product  to 
be  of  deciding  importance.  In  practice  the  ultimate  decision  must  rest  upon  the  value 
to  the  user  of  all  the  other  and  greater  advantages  obtainable  with  electric  drive  of 
machinery.  I  herewith  quote  these  general  advantages  as  would  apply  to  all  indua- 
tries: 

Increased  production  for  a  given  equipment,  and  often  improved  product;  decreased 
power  consumption  and  higher  efficiency;  machinery  may  be  conveniently  located 
with  reference  to  production  rather  than  to  the  power  transmitting  system;  additions 
and  changes  can  easily  be  made;  cleanliness  and  better  light,  due  to  absence  of  a  large 
number  of  belts;  less  danger  of  accidents;  better  reliability  of  operation;  greater 
adaptability  of  motors  to  conform  with  individual  operating  or  cyclic  characteristics; 
perfect  control,  including  readiness  of  starting  and  stopping  and  making  close  speed 
adjustments;  remote  and  automatic  control;  the  operations  may  be  closely  studied 
by  means  of  recording  devices,  and  tests  can  readily  be  made;  economy  in  time; 
ability  to  operate  any  portion  of  a  factory  at  any  time  with  a  power  consumption 
approximately  proportional  to  the  work  done. 

Other  advantages  of  a  commercial  nature  which  favor  the  use  of  electric  drive  over 
mechanical  transmission  are  as  follows: 

Availability  of  abundant  and  reliable  supply  of  electric  power  from  central  stations, 
enabling  the  user  to  save  the  large  expense  of  installation  of  a  power  plant  and  the  care 
of  its  operation;  the  profitable  use  of  water  powers,  available  in  many  localities,  can 
only  be  made  by  electricity.  The  public  policy  of  States  to  conserve  the  natural  fuel 
resources  and  increase  the  economy  of  human  labor  inevitably  leads,  in  the  field  of 
power  generation,  to  the  elimination  of  uneconomical  small  power  plants  and  the  de- 
velopment of  large  unified  and  highly  economical  electric  systems  of  power  generation 
and  distribution.  Towns  and  cities  are  also  especially  interested  in  this  program 
for  considerations^of  increasing  the  safety,  cleanliness,  health,  and  comfort  by  the 
elimination  of  objectionable  power-plant  installations  in  buildiogs,  smoke,  dust, 
noises,  etc. 
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We  have  herewith  listed  a  number  of  promin^it  mdurtriet,  and  fer  each  of  them  we 
give  a  brief  description  of  the  procesBeB  involved  and  how  they  have  been  affected  by 
the  introduction  of  electricity. 

At  the  end  we  make  also  reference  to  a  few  claasee  of  services  and  to  such  teduiical 
infonnation  as  may  assifit  one  to  select  the  most  economical  apparatus  for  the  service. 

The  greater  part  of  this  material  and  information  was  abstracted  either  from  centcL- 
buti<m8  fumidbed  by  several  ^)eciaU8li  in  thm  respective  fields  of  aetivily  or  from 
papers  and  publications  of  the  principal  manufacturing  canceniA  in  this  country. 

The  author  herewith  acknowledges  the  valuable  asaiatanGe  received  from  Mr.  £.  A. 
Lof ,  f  <»  suggestiona  and  supply  of  a  large  number  of  the  General  Electric  Co.  'a  bultotina 
and  ^)ecial  rep<»rts;  also  Mr.  S.  L.  Nicholson^  who  furnished  similar  literature  and 
information  from  the  Westinghouse  Electric  &  Manufacturing  Co. 

The  author  is  also  greatly  indebted  for  original  centributicns  or  ceapanieB'  puh- 
lidbed  infcnmation  to  Mesaia  A.  W.  Carroll,  H.  J.  Kiely,  P.  £.  Landolt,  F.  Nolde, 
A.  Hitter,  E.  F.  Tweedy,  and  E.  T.  WiUiama^  of  New  Yiwk;  Dr.  M.  W.  Franklin,  of 
Bloomfidd;  MesEva.  G.  C.  Holbertotn,  of  San  Francisco;  D.  L.  Huntington,  of  Spokane; 
G.  H.  Jones,  ot  Chicago;  and  J.  T.  Walli^  of  Altoona. 

AORICU  i/rif  KB. 

We  have  the  following  sequence  of  events  in  the  preparation  and  marketing  of 
products  of  the  soil: 

Fiist,  tilling  or  preparing  the  soil.  The  application  of  electricity  covers  plowing 
and  haxrewing,  manure  spreading,  grubbing  and  the  like,  applicable  only  on  a  laige 
scale. 

Second,  sowing  broadcast  or  by  means  of  drills;  the  motor-driven  pressure  blower 
is  particularly  adapted  to  the  first  ol  these. 

Third,  irrigation,  to  which  the  motor-driven  pump  has  already  been  applied  in 
large  plantations  by  means  of  the  ordinary  irrigation  ditch,  such  as  is  in  use  in  the  ricia 
fields  of  the  Carolinas,  Georgia,  Texas,  and  Oklahoma;  by  spray  irrigatum  as  in  various 
market  gardens,  even  those  of  comparatively  small  size;  and  the  spraying  of  g^wing 
plants  in  conservatories  or  greenhouses  with  the  necessary  water  or  with  insecticide 
to  combat  the  ravages  of  their  natural  enemies. 

Fourth,  the  cultivation  of  large  plantations  by  gang  plows  of  small  size  or  wheeled 
cultivators  in  the  same  manner  as  by  the  old-fashioned  horse-drawn  cultivator. 

Fifth,  the  drainage  of  wet  lands,  often  accomplished  by  electrically  driven  pumps 
fed  from  transmission  lines  covering  considerable  distances.  This  is  used  in  some  of 
the  latest  drainage  projects.  It  has  been  considered  for  use  in  the  Everglade  district 
of  Florida,  where  its  installation  is  now  under  way. 

Sixth,  Hie  harvesting  of  crops;  this  is  becoming  an  important  field  for  the  applica- 
tion of  electricity  in  agricultural  pursuits.  Thrashing  and  harvesting  are  carried  on 
in  some  sections  by  electric  light  operated  on  the  same  circuit  as  the  motor-driven 
harvesting  machines  and  thrashers.  Flails,  buskers,  and  shredders  are  also  operated 
electrically.  Many  crops  which  might  otherwise  be  ruined  by  the  storms  prevalent 
at  critical  times  during  the  harvesting  period  can  be  saved  by  the  use  of  electric 
light  in  night  harvesting. 

Some  of  the  operations  carried  on  in  the  pursuit  of  agriculture  are  as  follows:  Driving 
butter  chums,  grindstones,  cream  separators,  feed  grinders,  com  shellers,  fanning 
mills,  smutters,  dryers  and  cleaners,  hay  hoists  and  balers  ,wood  splitters,  saws,  drills, 
f  oige  blowers;  grinders  and  tools  of  various  kinds  used  on  the  farm ;  special  machinery, 
such  as  gas  electric  harvesters;  portable  motor-driven  thrasher  outfits;  providing  light- 
ing equipment  for  night  work;  washing  machines  and  pumping  sets  for  dairy  work; 
electrically  operated  vacuum  milking  outfits  and  refrigerating  machinery  for  dairy 
service;  ensilage  cutters,  blowers  and  elevators;  vacuum  cleaners,  applied  to  the 
sanitation  of  the  stock  itself  rather  than  to  its  living  quarters  only;  and  electric  tmcka 
used  in  harvesting  as  well  as  for  ordinary  transportation. 
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In  the  wheatrpioducing  districts  of  I3ie  Northwest  lai^^e  bacms,  nlos,  and  storage 
buildings  are  provided  with  means  for  the  adoi>tion  of  electric  drive  for  many  different 
machines;  these  nsually  bare  small  power  reqidr^nents. 

Enongli  has  beoi  accomplished  in  the  application  cf  electric  power  to  agrictdtme 
to  rihow  that  the  ordinary  quarter  section— 160  acres  may  fairiy  be  conadered  as 
Tspresentative  of  conditions  where  under  ordinary  drcumstances  agriculture  may  be 
more  profitably  carried  on  by  the  aid  of  electric  power.  However,  some  smaller  tracts 
may  be  made  to  show  a  profit  in  favor  of  electric  power  at  the  low  rates  chaiged  by 
some  of  the  Huge  hydroelectric  companies. 

In  the  mariceting  of  agricultural  products  electric  drive  is  used  extensively  in  grain 
elevators  for  operating  conveyors,  flour  mills,  deaning  machinery,  grain  shuttles, 
separatOTS,  sack  fillen,  welders,  packers,  and  shakers. 

BAKERIES. 

The  appUcadon  of  the  dectric  motor  to  the  manufiicture  of  bakers'  products— bread , 
cake,  fancy  pastiy,  and  the  like— is  well  illustrated  by  the  plant  of  one  of  Hbke  laige 
wholesale  manuf  acturen.  This  company  has  a  plant  with  a  capacity  of  200,000  loaves 
id  bread  x>er  day,  but  is  designed  to  have  an  ultimate  capacity  of  double  that  number. 
Three  shifts  are  enplo3red  daily  and  the  procen  is  carried  out  mechanically  in  its 
entirety.  It  begins  with  the  receiving  of  flour  at  the  loading  platfonns,  which  is 
immediately  elevated  by  a  specially  constructed  sack  elevator  or  an  endless  dudn 
with  arms  at  10-foot  intervals  to  the  top  floor.  This  elevator  is  direct  connected  to 
a  K^Aorsepower  motor.  Passing  through  sieves  of  revolvii^  silk  screens,  which  remove 
all  foreign  substances,  including  the  fiber  of  the  jute  sacking,  the  flour  enters  the 
blending  ma4?hines.  Here  it  is  aged  lor  the  making  of  bread  most  advantageously 
in  the  fcffdier  diemical  action. 

Thence  the  flour  passes  to  Hie  bolten  reel,  where  it  is  again  screened  and  sifted. 
It  would  be  smrpriang  to  note  the  efficiency  of  Hmso  machines  in  removing  fomign 
substances  from  the  apparently  pure  flour.  Screw  conveyors  now  move  tiM  flour 
to  the  six  bins,  each  of  which  has  75  barrels  capacity.  The  bins  are  traced  in  a  row 
and  each  is  qperated  by  a  separately  automatically  controUed,  direct-connected  motor. 
Underneath  the  bins  is  another  screw  conveyor,  which  carries  the  flour  to  the  auto- 
matic sealixig  machine,  where  it  is  accurately  weighed.  At  this  point  the  yeast, 
water,  salt,  and  other  ingredients  are  introduced,  the  whole  mass  being  automatically 
d^odted  in  a  five-band  mixer  on  the  floor  below  by  tiie  operation  of  levers  con^zoUed 
by  the  weig^iing  scales.  The  mixing  machines,  driven  by  SO-horsepower  direct- 
connected  motors  and  operated  with  push-button  controllers,  thoroughly  mix  the 
components  of  our  forthcOToing  bread.  After  the  mixing  period  the  dough  is  depodted 
in  trou^is,  where  it  remains  foor  a  few  hours'  fennentation.  The  mixing  and  fermenta- 
tion process  (zymotechnics)  requires  tlie  very  highest  technical  skill  and  attention, 
and  is  aided  by  a  humidifying  system,  which  wUl  be  described  further  in  detail. 
After  the  fermentation  the  dough  is  transported  by  gravity  to  the  dividing  machines 
on  the  third  floor,  which  stamp  out  of  the  mass  of  dough  aaingle  piece  for  each  separate 
kaf  of  bread,  and  pass  it  to  a  roundisg-up  machine,  wMck  locms  it  as  deeired.  The 
dividers,  the  rounden,  and  proofing  machines  are  all  arranged  to  move  in  perfect 
baxmony ,  so  that  a  succession  ol  unbaked  loaves  passes  rapidly  into  the  latter  machines. 
These  consist  of  very  long  endless  chains,  each  heading  900  ligbt  canvass  bucketi^ 
each  (^  which  is  taken  out  and  washed  at  frequent  intervals.  The  dough  zests  in  these 
light  buckets  and  is  treated  to  a  ride  up  and  down  and  across  and  back  i^;ain  duiii^ 
nine  minutes,  by  which  time  it  has  regained  the  lightness  which  was  partly  squeezed 
out  of  it  in  the  previous  process.  FrcHn  the  proof  ers  the  bread  is  automatically  dls- 
chaiged  into  molding  machines,  which  give  it  its  final  shape;  it  is  then  reproofed 
and  finally  dischaiged  into  the  baking  pans  and  conveyed  to  the  ovens. 

The  bread  is  baked  in  huge  ovens  which  are  heated  by  gas.  By  means  of  a  gas- 
mixing  machine,  commercial  gas  and  air  is  mixed  for  most  efficient  combustion.    The 
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baking  temperatures  and  time  interval  are  00  regulated  that  one  group  of  men  make 
a  continuouB  circuit  around  the  ovens,  removing  the  rich,  brown  colored  loaves  oa 
the  motor  conveyors  in  front  of  the  ovens.  Thence  it  is  carried  by  a  long  inclitie4>elt 
conveyor  to  the  shipping  floor  below.  In  this  department  the  loaves  are  wrapped, 
sealed  by  automatiddly  electiically  heated  and  motor-driven  wrapping  machines. 
The  loaves  are  now  placed  in  standard  cardboard  packages  ready  for  shipment  to  the 
public.  ^ 

In  conjunction  with  a  mixing  and  fermentation  process,  all  the  air  entering  the 
room  passes  through  a  humidifying  process.  The  air  is  first  of  all  washed  by  sprays 
in  the  intake  and  introduced  under  a  pressure  of  several  ounces,  so  that  all  tendency 
of  unwashed  air  to  enter  around  the  double  windows  and  doors  is  overcome;  in  feci, 
these  leaks  are  reversed.  Every  care  is  taken  to  provide  a  relative  humidity  of  70 
and  a  temperature  of  80**  irrespective  of  weather  conditions  on  the  outside.  In 
winter  the  washed  air  passes  over  steam  coils  and  in  summer  is  cooled  by  pipes  in 
which  cold  brine  from  a  75-hoiBepower  refrigerating  machine  is  circulated.  An 
automatic  and  very  sensitive  controlling  device  for  the  humidifier,  which  controls 
the  amount  of  moisture  at  the  intake,  is  a  very  important  feature.  These  provisiona 
practically  make  the  baking  of  bread  a  laboratory  proposition.  Expert  attention  has 
been  g^ven  in  this  plant  to  the  efficient  handling  of  steam  condensation  and  the 
saving  of  water. 

The  application  of  power  to  the  manufacturing  machines  has  resulted  in  some  vary 
imique  motor-driving  connections.  Practically  all  of  the  machines  are  individuaUy 
directconnected  units.  Bawhide  pinions  eliminate  the  noise  and  jar  of  machinery. 
Some  of  the  machines  are  so  built  and  arranged  that  the  motor  is  entirely  out  of  si^t 
from  the  operator  but  arranged  for  easy  control.  Each  of  the  bins  wldch  hold  the 
flour  at  the  beginning  of  the  process  has  a  separate  automatic  control  of  the  scales  and 
conveyors  arranged  for  operation  by  the  weights.  When  the  bins  are  filled  to  a  certain 
capacity  a  smalTtrip  operates  and  releases  a  clutch,  automatically  shutting  off  the 
incoming  material. 

One  interesting  feature  in  the  handling  of  flour  is  the  use  of  hydraulic  trucks.  The 
sacks  of  flour  are  piled  on  a  platform  which  holds  24  sacks  of  140  pounds  each.  Tik» 
truck  is  pushed  underneath  the  platform  and  by  a  few  strokes  of  the  handle  raises  the 
platform  legs  from  the  floor  and  is  conveyed  to  any  part  of  the  building.  The  lighting 
arrangement  of  the  ovens  provides  a  closing  of  the  circuit  only  while  t£e  oven  doon 
are  open.  On  closing  the  oven  doors  the  circuit  is  automatically  opened.  Frotec* 
tion  from  moving  machinery  is  provided  by  guards  and  rails,  so  that  accidents  are  a 
rarity. 

The  product  is  delivered  by  hcme-drawn  wagons  at  present,  but  electric  vehicles 
are  about  to  be  adopted  for  this  purpose.  For  a  typical  day  the  maTJmnm  half-hour 
load  of  the  plant  was  136  kUowatts— the  monthly  consumption  31,900  kilowatt-houxB. 

BRIOK-TILB  FA0TOBIB8. 

In  the  manufacture  of  brick,  tile,  and  other  ceramic  products,  electricity  is  applied 
from  the  preliminary  operation  of  stripping  the  overburden  and  recovering  the  day 
to  the  mixing,  pugging,  molding,  pressing,  glasdng,  and  finishing  processes. 

The  use  of  the  electric  locomotive  crane  with  dipper  attachment  as  a  means  id 
atripping  the  overburden  and  of  recovering  the  raw  material  itself  is  followed  by 
proportioning  and  mixing  the  raw  material  so  that  the  resulting  product  may  have 
the  requisite  degree  of  shrinkage  as  weU,  as  preserving  its  regular  outline  and  issuing 
from  the  kiln  without  injurious  cracks  or  other  defects. 

The  induction  motor  is  used  for  dry  pans,  senders,  conveyors,  fans,  bucket  elevatom, 
and  other  machines  reqidring  continuous  duty  at  constant  speed,  together  with  rela* 
tively  easy  starting  conditions,  and  having  no  occasion  lor  reversal  of  direction  of 
lotatbn.    Pug  mills,  augers,  tempering  wheels,  hoists,  and  excavating  shoveb  require 
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frequent  starting  and  revenal,  variable  speed,  and  excessiye  starting  torque.  For 
this  work  phase  wound  rotois  with  external  secondary  resistance  or  direct-current 
compound-wound  machines  are  used. 

The  plasticity  of  clay  can  be  varied  by  tempering  or  adding  in  suitable  quantities 
water  and  sand,  sawdust,  ashes,  or  other  inert  material.  The  further  manipulation 
then  falls  under  one  of  four  general  methods— hand-molding,  stiff-plastic,  semiplastic, 
«r  dry  methods.  The  stiff-plastic  process  is  generally  recognized  as  the  best  and 
most  economical  where  the  nature  of  the  raw  clay  makes  its  use  possible.  It  produces 
a  ftrong  homogeneous  brick  and  saves  from  20  to  40  per  cent  of  the  labor  involved  in 
other  methods. 

In  up-to-date  plants  equipped  for  electrical  oi>eration  throughout  a  great  variety 
of  motor  applications  is  found.  The  clay  or  shale,  having  been  excavated,  is  hauled 
by  an  electric  yard  locomotive  to  stock  piles,  where,  under  action  of  rain  and  frost, 
it  is  weathered  and  inirtially  disintegrated.  From  the  stock  piles  the  clays  and  the 
harder  shales  are  transferred  to  the  motor-driven  roll  crushers  or  dry  pans  and  screens, 
and  then  by  cup  conveyors  to  the  pug  mill.  From  the  pug  mill  the  now  thoroug^y 
mixed  and  tempered  mass  is  delivered  to  the  auger  brick  machine,  where  it  is  forced 
through  dies,  carefully  designed  to  produce  a  true  cross  section  with  maximum 
uniformity  of  density,  in  the  form  of  a  continuous  rectangular  column.  A  frame 
carrying  tightiy  strung  piano  wires  of  suitable  knives  rotating  at  the  proper  speed 
cuts  the  issuing  column  of  clay  into  standard  sized  blocks  or  bricks.  The  green 
bricks  are  carried  by  a  belt  conveyor,  which  moves  somewhat  faster  than  the  colimm 
issuing  from  the  auger  and  consquentiy  separates  the  bricks  sU^tiy,  to  the  represses, 
where  they  are  forced  into  molds  and  subjected  to  heavy  pressure.  This  oi>eration 
smooths  the  surface,  squares  up  the  comers  and  imprints  the  maker's  name,  etc. 
The  brick  is  now  ready  for  the  drying  house  and  kiln. 

In  addition  to  the  machines  mentioned,  electric  motors  find  a  most  satisfttctory 
application  driving  sump  pumps  for  removing  excess  water  from  the  clay  pits  and 
also  for  driving  the  large  ventilating  (xdb  in  the  drying  house. 

In  New  England,  plants  with  a  daily  capacity  of  from  50,000  to  100,000  soft-mud, 
sand-molded  bricks  give  an  average  of  15  to  20  molds  of  six  bricks  each  per  minute, 
or  from  90  to  100  bricks  per  kilowatt-hour  for  all  electrical  energy  consumed.  Plants 
using  the  stifi-plastic  method  show  approximately  the  same  output  per  kilowatt-hour 
energy  expended  in  brick  machines  prox>er.  One  plant  of  156,000  daily  capacity 
shows  an  energy  consumption  of  1,740  kilowatt-hours  x>erday  for  its  auger  brick  ma- 
chines. Another  plant,  with  a  daily  capacity  of  200,000  common  bricks,  shows  for 
two  successive  months  an  average  monthly  output  of  4,700,500  bricks  at  an  average 
expenditure  of  45,600  kilowatt-hours  in  driving  its  auger  machines.  Where  the  change 
from  steam  engine  or  other  form  of  mechanical  power  has  been  made,  an  estimated 
saving  in  operating  exx>ense  of  from  20  to  30  per  cent  has  often  been  effected.  While 
the  total  power  required,  including  auxiliary  devices,  varies  from  12  to  18  kilowatt- 
hours,  a  conservative  estimate  of  power  required  by  pug  mills  and  augers  is  about 
1.6  horsepower  per  1,000  bricks  per  10-hour  day,  or  11  kilowatt-hours  per  1,000  bricks 
produced. 

The  technique  of  the  zinc  smelting  industry  requires  that  a  large  number  of  retorts 
and  condensers  be  alwa>s  on  hand,  and  these  must  be  properly  made  and  thoroughly 
seasoned.  To  within  reasonably  late  years  most  of  the  pottery  required  for  this  appa- 
ratus was  brought  from  abroad,  but  some  is  now  made  in  this  country  by  the  zinc 
smelters  themselves.  The  pressure  under  which  some  of  these  retorts  must  be  shaped 
is  hig^,  and  hydraulic  apparatus  is  used  to  develop  this.  The  pumps  are  operated 
by  motor  drive;  the  pug  mills,  mixers,  and  various  of  the  other  large  pieces  of  apparatus 
are  also  equipped  for  motor  drive;  conveyors  and  smaller  apparatus  are  belted  from 
motor-driven  shafts.  The  tendency  in  this  country  of  late  years  is  toward  the  imder- 
taking  by  the  smelting  companies  of  the  manu^ture  of  their  own  materials  and 
apparatus  of  this  kind. 
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BinLIXNO  OONSTRUCnON. 

The  broad  field  of  construction  can  not  readily  be  restricted  to  any  (me  particular 
daas  of  work.  Electricity  taken  direct  from  the  mains  of  the  lighdng  or  power  com* 
panics  is  used  to  operate  hod  hoists,  elevators,  air  compressofs,  and^other  construc- 
tion tools  in  works  of  comparatively  small  magnitude.  Most  large  works  require 
electric  power  for  their  successful  con^>letion.  The  locomotive  crane,  the  electiic 
shovel,  the  dredge  (both  of  the  ladder  and  the  suction  <7pe),  the  belt  conveyor^ 
boring  machines,  portable  drills,  hoists,  concrete  mixos,  cableways,  concrete-laying 
machinery,  machinery  for  trenching  (especially  where  used  in  cities  in  the  laying 
of  sewers),  paving  machinery,  excavators,  cranes,  fiocn*  surfacers,  and  almost  every 
other  mechanical  tool  used  in  construction  work  is  adapted  to  electric  drive.  Many 
of  these  contain  a  direct  connected  motor  as  a  part  of  the  tool. 

In  railroad  construction  the  use  of  electricity  is  natorally  restricted  to  cases  where 
proximity  to  industrial  centers  a£tords  an  opportunity  for  economic  purchase  of  the 
current  required,  or  to  well-organized  systems  which  have  made  provision  for  sueh 
methods  of  constructioQ  or  maintenance. 

The  electrically  driven  tamper  and  the  electrical  ballast  packer  have  both  been 
introduced  at  a  recent  date,  but  have  already  shown  results  which  have  heretofore 
been  impracticable  of  accomplishment  by  ordinary  hand  labor.  The  ballast  packer 
referred  to  has  been  given  an  exhaustive  test  under  working  conditions  in  France, 
and  has  proven  in  practice  to  give  results  which,  under  ordinary  conditions,  are  only 
obtained  after  the  best  hand  work  has  been  consolidated  by  the  passage  of  many 
thousand  trains.  Motor-driven  augers  are  used  to  some  extent  in  this  country  in 
drilling  the  holes  for  screw  ^ikes,  and  another  logical  development  is  the  provision 
of  motor-driven  tools  for  dapping  ties  or  for  preparing  th^m  for  the  reception  of  the 
plates. 

Apparatus  of  this  character  is  usually  driven  from  an  independent  plant  mounted 
upon  a  small  car  or  truck.  In  American  practice  it  ia  usual  to  work  directly  from  the 
truck  by  means  of  flexible  connections.  European  practice  is  to  use  a  shcrt  ''ladder  " 
transmission  line  to  which  connections  are  made  through  flexible  cords  as  b^ore, 
but  the  truck  carrying  the  generating  outfit  is  removed  from  the  track  in  order  that 
trains  may  pass.  This  is  largely  due  to  the  fact  that  most  of  this  Work  constitutes 
maintenance  of  way  rather  than  new  constructi<m. 

The>  electrically  operated  shovel  eliminates  the  fireman,  the  watchman,  the  coal 
passer,  t^taming  for  one-half  day,  the  use  of  water,  and  cimsiderable  waste;  these  are 
all  effective  in  obtaining  a  reducti<Mi  in  (^erating  expense  as  compared  with  the 
steam  shovel.  The  wear  and  tear  of  parts  having  reciprocating  as  compared  with  a 
rotary  motion  should  also  be  considered. 

Some  classes  of  cimstTUction  work  are  performed  by  electrically  driven  tools  to 
the  practical  exclusion  of  all  other  forms  of  power.  The  floor  surfacers  used  in  finish- 
ing the  floors  of  modem  buildings  are  an  illustration  of  this  tendency.  The  trend  of 
modem  methods  of  construction  may  be  broadly  stated  as  the  adoption  of  individual 
direct  drives  for  all  construction  machinery,  and  practical  restriction  to  the  gasoline 
engine  or  electric  motor  as  a  source  of  power.  Ilius  far  the  motor  appears  to  have 
the  lead. 

One  laige  engineering  work,  the  Kensico  Dam,  was  carried  on  with  electric  pow^ 
delivered  over  a  long  transmission  line  from  generating  staticms  in  New  YcM'k  City. 
This  was  probably  the  largest  installati<m  of  dectric  power  for  construction  work 
ever  undertaken,  and  the  work,  now  substantially  completed  about  two  years  in 
advance  of  the  contract  time  set,  could  not  well  have  been  brought  to  so  successful 
and  timely  a  conclusicaL  without  the  use  of  such  power.  The  availabe  figures  of 
cost  show  what  can  be  done  'when  careful  study  is  given  to  the  possibilities  of  sudi 
work.  The  contract  involved  the  placing  of  900,000  cubic  yards  of  concrete,  exclusive 
of  66,000  cubic  yards  of  molded  concrete  facing  blocks  and  30,000  cubic  yuds  of  toaie 
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Udng;  900,000  cubic  ymrds  of  excavation  and  1,000,000  cubic  yards  for  backfill. 
These  are  the  largest  items.  The  eqvipment  inchided  00  rock  drills,  16  locomotive 
cvaaes,  10  concrete  miz«ra  id  various  siacs,  110  concrete  buckete,  two  15-ton  cable- 
ways  of  2,000  feet  span,  thirty^oinr  22-ton  electric  desicks,  26  air  punps  and  an 
electrically  operated  rodE-«nidung  plant  with  a  capacity  of  2,400  tons  of  stone  per 
8  hours. 

To  cairy  on  tiiis  work  a  substation  was  built  to  form  a  part  of  the  contractor's  plant, 
and  power  taken  from  this  substation  was  used  for  the  operation  ti  compressofa  to 
furnish  the  air  for  operating  drills,  pumps,  hoists,  blasts  in  the  blacksmith  abcp  and 
other  tools. 

Operation  of  electrically  driven  shoviels  shows  that  with  a  cost  of  cvn-ent  at  2  cents 
per  kilowatt-hour  the  diovel  can  be  operated  at  a  much  lower  cost  than  by  steam 
with  coal  at  $4  per  Urn.  at  the  shovel. 

Some  idea  of  the  economy  whidi  can  be  obtained  in  carrying  on  such  work  with 
direct  Metric  power  is  given  by  comparing  the  pcw«r  with  direct  applacatioB  to  the 
machine  and  indirect  application  through  air  compresson.  The  consiunption 
aaaounts  to  80,047  kilowatt-hours  in  the  one  case  and  313,000  kilowat44ioui«  in  the 
other,  a  saving  of  223,953  kikwatt-hours  by  direct  electric  power. 

The  average  consamption  per  cubic  yard  lor  320,270  cubic  yards  of  concrete, 
masonry,  and  blocks  placed  in  one  year  is,  in  kilowatt-hoars  for  the  work  specified, 
as  follows: 


Op««tioii. 


Kflowatt- 
bonn 
(total). 


KOOTratt- 
hoan 

(percQblo 
yttti). 


Qoany , 

Crusher , 

Air  oompressors 

Excavation 

leaking  and  handling  concrete. 

Water  pnmpf 

Machine  shop 

Lighting 

TotaL 


907,900 

731,150 

1,809,900 

937,890 

8Aff,740 

989,170 

51,490 

71,810 


3,920,500 


o.9ai 

9.98 
6.01 
.743 
1.11 
.881 
.161 
.994 


19.94 


CEMENT  MILLS. 

The  cement  industry  may  be  nid  to  consist  of  the  opemtions  of  mining,  crushing, 
grinding,  and  calcination  of  argillaceous  and  calcareous  materials.  The  electric  drill 
and  the  electropneumatic  drill  are  used  in  some  cement  rock  quames  where  natural 
cement  is  mined,  as  weXi  as  in  quairies  from  which  material  for  the  manufacture  of 
the  artificial  product  is  taken.  Experience  with  the  electric  drill  at  first  (ItOO)  was 
somewhat  disheartening,  but  sufficient  advance  has  been  made  since  then  to  demon- 
strate its  practicability  as  well  as  to  provide  the  foundation  upon  which  the  present 
electropneumatic  drill  could  be  built  up.  The  first  electric  drills  showed  a  marked 
economy  of  operating  cost  over  the  ordinary  air  drill,  but  in  spite  of  this  advantage 
it  was  seen  that  structural  weakness  and  inabUity  to  withstand  the  ordinary  treat- 
ment given  by  drill  men  kept  50  x>er  cent  of  the  equipment  in  the  repair  shop.  This 
condition  has  of  late  been  largely  removed  and  the  electric  driU  has  ti^en  its  place 
in  quarry  work,  as  well  as  in  mining. 

The  machinery  used  in  the  semiwet  and  the  dry  process  cement  plants  is  practically 
the  same.  The  principal  steps  in  the  manufacture  of  cement  as  carried  on  in  these 
plants  are:  First,  crushing;  second,  grinding  and  mixing  the  raw  material;  third, 
burning  the  raw  mixture,  producing  what  is  known  as  clinker;  and  foiuth,  grinding 
the  clinker  to  finished  cement.  In  wet  process  plants  using  marl  aad  clay  as  raw 
materials  no  crushing  is  neceenry  but  the  remaining  steps  are  the  same  as  in  dry 
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process  plants,  except  as  modified  in  details  by  the  fact  that  the  raw  material  is 
groimd  or  mixed  in  a  semifltud  state  instead  of  dry. 

Gmshing  in  dry  process  plants  is  done  by  gynAary  or  jaw  crudiers,  the  c<mmion 
practice  being  to  use  one  large  gyratory  to  take  the  material  as  it  comes  from  the 
quarry  and  reduce  it  to  pieces  ranging  from  3  to  4  inches  in  diameter;  two  or  three 
smaller  crushers  further  reduce  it  to  about  1  inch,  after  which  it  is  passed  through  a 
rotary  drier  to  remove  the  moisture  and  then  delivered  to  the  raw  grinding  depart- 
ment. The  dried  stone  and  clay  are  proportioned  by  an  automatic  weighing  machine 
which  also  mixes,  the  mixture  being  delivered  to  the  raw  grinding  mills.  Theee 
reduce  the  material  to  a  powder  so  fine  that  90  or  95  per  cent  will  pass  a  screen  having 
100  holes  to  the  linear  inch.  Sometimes  the  complete  reduction  is  made  in  one 
mill,  but  the  more  common  practice  is  to  reduce  in  two  stages. 

The  grinding  machines  in  general  use  are  tube  and  ball  mills,  both  of  which  work 
on  what  might  be  termed  the  tumbling  barrel  principle,  and  several  makes  of  centrifu- 
gal mills  in  which  heavy  rollers  cft  balls  revolve  inside  of  a  steel  ring  against  which 
they  press  on  account  of  centrifugal  force.  After  being  pulverized  the  raw  material 
is  fed  into  the  rotary  kilns  for  burning.  Theee  are  revolving  steel  cylinders  lined 
with  fire  brick  and  set  at  a  slight  angle  so  that  the  material  passes  down  from  the 
feed  and  emerges  from  the  lower  end  as  clinker.  The  kilns  vary  in  size  from  60  feet 
in  length  and  6  feet  in  diameter  up  to  240  feet  in  length  and  12  feet  in  diameter. 
They  are  fired  by  a  blast  of  gas,  oil,  or  pulverized  coal  at  the  lower  end,  which  fills 
practically  the  entire  kiln  with  fiame.    The  temperature  varies  from  1,200^  to  2,800^  F. 

The  clinker  is  delivered  in  a  fairly  continuous  stream  of  red  hot  pieces,  cooled  in 
rotary  coolers  or  cooling  towers,  ground  in  mills  similar  to  those  used  in  the  raw 
grinding  department,  and  after  being  aged  in  the  storehouse  is  ready  for  packing 
and  shipment.  Two  or  three  per  cent  of  gypsum  is  added  to  the  cement  to  prevent 
its  setting  too  rapidly. 

The  electrical  equipment  used  is  as  simple  as  possible.  Alternating  current  is 
generally  used,  but  there  are  a  few  direct  current  plants  in  successful  operation. 

The  large  amount  of  dust  in  the  air  must  be  taken  into  account  in  selecting  and 
arranging  the  machinery  if  the  maintenance  cost  is  to  be  kept  low.  Motors  should 
be  supplied  with  protected  bearings  and  should  be  located  in  separate  rooms  if  prac- 
ticable, with  the  mill  shafts  extending  tjirough  the  wall  into  the  motor  room.  This 
protects  not  only  the  motors,  but  also  the  belts,  which  depreciate  rapidly  if  exposed 
directly  to  the  action  of  the  dust. 

If  gears  must  be  used,  they  should  run  at  low  speed  and  be  inclosed.  Motor  speeds 
should  be  kept  low  to  avoid  high  rubbing  speed  in  the  bearings.  Squirrel  cagjB 
motors  should  be  used  in  preference  to  other  types  on  practically  all  drives,  but  the 
starting  torque  should  be  made  sufiGU;ient  to  start  the  driven  machinery,  which  in 
some  cases  will  require  a  special  motor  design. 

In  cement  rock  quarries  the  liability  of  metal  parts,  such  as  loose  bolts,  old  picks, 
and  the  like  entering  the  crusher  jaws,  represents  a  demand  for  heavy  power  as  well 
as  elasticity  to  take  up  the  great  strains  produced.  Belted  motors  are  therefore 
desirable  for  the  driving  of  such  machinery.  Plain  rolls  should  also  be  driven  in  the 
same  way  as  the  material  has  not  been  subjected  to  any  sizing  or  sorting  since  its 
passage  through  the  crusher.  The  roll  tailings  pass  through  the  separator  (which 
may  advantageously  be  driven  by  direct  connected  motor),  are  divided  into  fines 
and  oversize,  and  the  resulting  fines  may  then  be  handled  by  direct  coimected  rolls, 
inasmuch  as  no  metal  parts  will  be  found  in  the  fines.  The  oversize  is  returned 
again  by  bjelt  at  conveyor  to  the  first  icUa. 

BLBOTBOLTSIS. 

In  electrometallurgy  the  current  is  used  to  break  down,  to  build  up,  to  cover,  to 
uncover,  to  separate,  and  to  blend.    The  breaking  down  process  is  illustrated  by  the 
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manufitctme  of  alumiimm  in  which  the  ahuniniim  and  oxygen  of  bauxite  aie  broken 
down  by  electrolysis  while  held  in  solution  in  a  molten  bath  of  minerals. 

Bars  of  pure  calcium  metal  are  built  up  by  the  gradual  accumulation  of  its  particles 
on  the  bottmn  of  the  negative  conducts  suspended  over  and  just  touching  a  molten 
quantity  of  calcium  chloride  in  which  is  immersed  a  positive  conductor. 

The  process  of  electroplating  antedates  all  other  branches  of  the  art  and  the  reverse 
process  of  stripping  metal  is  used  in  the  recovery  of  tin  from  waste  or  "detinning" 
which  comprises  the  breaking  down  of  the  tin  coating  upon  the  steel  plates  usually 
called  ''tin,"  incident  to  the  manufacture  of  "tin"  cans,  boxes,  and  punchings. 

Beside  the  application  of  electrodeposition  to  the  recovery  of  silver,  nickel,  and 
other  metals  from  the  base  bullion  or  from  solutions,  it  is  need  in  the  separation  of 
gold  and  silver;  copper  and  silver,  and  other  metals;  but  its  most  important  commer- 
cial application  is  in  the  copper  industry;  practically  80  per  cent  of  the  production 
of  copper  in  the  United  States  is  ''electrolytic"  (or  electrodeposited)  copper. 

Ooxrent  densities  of  40  amperes  per  square  foot  are  used  and  the  base  copper  bullion 
is  cast  into  anodes  which  are  suspended  in  tanks  containing  a  solution  of  copper 
sulphate.  Current  is  passed  through  a  large  number  of  cells  in  tanks  thus  arranged 
and  the  anode  ia  broken  down  by  tiie  passage  of  the  current  and  copper  is  deposited 
on  the  cathode.  Hydrogen  is  carried  over  and  the  presence  of  occluded  hydrogen 
in  the  fini^ed  product  ia  responsible  for  the  difference  in  the  base  price  of  electrolytic 
and  lake  or  native  copper  which  is  in  greater  demand  for  wrought  products.  The 
electrolytic  parting  of  gold  and  silver  is  analogous  to  the  process  carried  on  in  the 
riectrdytic  deposition  of  copper,  but  with  marked  differences  in  technique.  The 
dectrolyte  must  be  circulated  while  the  process  of  deposition  is  going  on  and  this 
is  accomplished  by  circulating  pumps  or  by  mechanical  agitation. 

Naturally  plants  employing  electrodeposition  use  electricity  tot  mechanical  power 
such  as: 

Clay  pumps  (fmr  handling  acid  solutions),  agitators,  pressure  blowers  (for  blast 
furnaces),  converter  motors,  cranes,  and  conveying  machinery. 

In  the  electrolytic  reduction  of  copper,  processes  have  been  advanced  by  which  the 
metal  is  recovered  direct  from  the  ore  by  means  of  lixiviation  in  which  the  acid  solution 
attacking  the  ore  dissolves  the  metallic  content  and  forms  a  solution  of  copper  sulphate. 
This  is  used  as  the  electrolyte  through  which  current  is  passed  between  electrodes, 
copper  being  carried  over  and  deposited  upon  the  cathode  plate,  which  may  be  of  lead 
or  of  copper.  The  anode  is  usually  of  graphite,  lead,  or  fused  magnetite  and  the 
process  is  fast  becoming  of  first  importance.  The  cost  of  deposition  by  this  method  is 
about  three-fourths  of  a  cent  per  pound,  that  of  electrolytic  deposition  from  the  metallic 
copper  anode  is  below  this  figure  and  has  reached  the  remarkable  efficiency  of  one-hall 
cent  per  pound— depositbn  cost  In  copper  deposition  the  gold  and  silver  content 
and  most  of  the  other  metallic  impurities  liberated  by  the  dissolution  of  the  anode 
plate,  fall  to  the  bottom  of  the  containing  tanks,  and  they  form  a  sludge  which  ia 
afterwards  removed,  concentrated  and  further  treated  electrolytically  for  the  recovery 
of  the  gold  and  silver.  As  many  electrolytic  plants  do  the  preliminary  smelting  and 
loasting  of  solphurets  and  other  raw  material  this  naturally  results  in  the  application 
of  electricity  to  operating  such  devices  as  blowers  for  blast  furnaces,  air  compresson, 
conveyors,  and  machine  tools  generally  throughout  the  plant. 

The  finishing  of  practically  all  gold  jewelry  is  carried  on  by  electrodeposition  of  the 
material  deabed  upon  the  ardcle  to  be  finished.  This  is  known  in  the  jewelry  trade  as 
coloring  and  is  responsible  for  the  various  gradations  of  finish  and  color  upon  the  fin- 
ished article.  Much  so-caUed  platinum  jewelry  of  the  cheaper  type  is  formed  of  a  low* 
karat  gold  base  which  has  been  nickel  plated  in  electrolytic  baths. 

A  large  percentage  of  some,  and  the  entire  product  of  others  of  the  following  mate- 
rials—copper, ahiminnm,  gold,  silver,  and  nickel— «re  obtained  electrolytically. 
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rouNDsna. 

Poundry  practice  10  gradually  reaching  a  point  where  speed  of  operation  is  requlaite 
in  handling  the  laige  output  required  to  meet  modem  competition.  One  of  the  {urin- 
cipal  factors  in  the  attainment  of  this  result  is  the  application  of  the  electzic  crane  to 
modem  foundry  practice.  With  the  overhead  gantry  crane  hoisting  speeds  of  600 
feet  per  minute  and  traversing  speeds  of  400  feet  per  minute  can  be  attained,  and  the 
motion  is  capable  of  such  delicate  control  that  the  handling  of  flasks  can  be  proceeded 
with  without  danger.  The  old  -fashioned  jib  crane  is  almost  a  thing  of  the  past  in  mod- 
em foundry  practice.  Where  pneumatic  rammers  and  tampers  are  used  and  where 
molding  is  done  by  machine,  both  electric  and  compressed-air  power  are  employed. 
Electric  current  is  used  to  operate  compressors,  blowers  for  cui>olas,  ttmibling  barrels, 
sand  mixers  and  elevators,  sand  mills  and  sandblast  machines,  as  well  as  the  screens 
and  sifters.  The  electromagnet  is  particularly  adapted  to  the  operation  of  the  skull 
cracker  used  for  breaking  up  defective  casts  as  well  as  lifting  and  transporting. 

The  storage  battery  locomotive  is  well  suited  for  foundry  transport  work.  Its  use 
obviates  the  necessity  for  stringing  feeder  wires  and  bonding  the  rails,  and,  in  addition 
to  the  economy  thus  effected,  it  can  be  operated  in  and  about  foundry  building  where^ 
in  many  cases,  the  presence  of  feeder  wires  for  the  trolley  type  might  be  objectionable. 
Centrifugal  air  compressors  are  used  for  cupola  service  due  to  the  hjgh  efficiency  which 
is  caused  by  the  fact  that  unlike  the  ordinary  fan  or  blower  sets  with  pressures  of  about 
1  i>ound,  they  are  especially  adapted  to  this  service  on  account  of  the  nonpulsating 
character  of  the  blast,  also  due  to  small  floor  space  required  and  noiseless  operation. 
Adjustment  of  pressure  can  be  obtained  by  changing  the  speed  of  the  set  by  means  of 
the  motor  field  rheostat  in  the  case  of  direct-current  drive.  Induction  motor-driven 
sets  are  arranged  for  constant  speed  and  pressure  and  have  given  entire  satisfaction  on 
cupola  service.  Where  reduction  of  pressure  is  required,  it  is  accomplished  by 
manipulation  of  the  blast  gate.  An  actual  capacity  of  400  cubic  feet  free  air  per 
minute  is  generally  sufficient  for  each  ton  of  iron  melted  per  hour. 

The  practice  in  modem  iron  foundry  sand  handling  plants  indicates  a  definite 
tendency  toward  the  adoption  of  individual  motor  drive  throughout,  and  sand  screens* 
mills,  blenders,  roll  feeds,  elevators  and  conveying  lines,  etc.,  are  now,  as  a  rule,  each 
operated  by  a  separate  motor.  Where  the  various  parts  of  the  sand  blending  outfit  ave 
compactly  arranged  and  are  interindependent  in  operation,  it  is  sometimes  driven 
by  a  single  large  motor,  utilizing  chains  or  gears  for  intercoimecting  the  different  sec- 
tions. The  elevators  and  conveyors  should  preferably  be  equipped  with  individual 
drive  in  all  cases,  so  that  they  may  be  used  independently  to  meet  the  varying 
requirements  of  different  molding  floors  or  core  rooms  with  a  minimum  demand  on  the 
generatii^  equipment. 

The  application  of  motors  to  machinery  on  the  molding  floor  as  compared  with  the 
use  of  compressed  air  will  show  a  considerable  reduction  in  the  amount  of  power 
required  for  a  given  amount  of  work,  as  the  expenditure  of  energy  for  the  operation  of 
the  machines  when  equipped  with  motor  drive  is  entailed  only  during  the  time  they 
are  in  actual  operation,  while  the  necessity  for  a  constant  maintjdnance  of  air  pressure 
and  the  losses  incident  to  long  air  lines  are  obviated.  The  power  delivered  electrically 
does  not  fluctuate  with  the  varying  loads  entailed  in  this  class  of  work,  and  the  cost  of 
rurming  the  wires  is  very  low  when  compared  with  the  expense  of  installii>g  and 
maintaining  pipe  lines. 

The  flexibility  of  the  electric  system  renders  it  a  simple  matter  to  provide  the  mold- 
ing floor  with  labor-saving  devices  of  a  portable  or  semiportable  nature,  such  as  the 
small  riddle  and  the  sand-cutting  machine.  By  providing  suitable  outlets  a  single 
portable  sand  cutter  or  similar  device  can  be  utilized  successively  on  all  the  sand 
piles,  and  the  sand  for  an  entire  molding  floor  can  in  this  way  be  prepared  after  workir^ 
hours,  requiring  the  services  of  only  one  man  to  operate  the  controller  of  the  machine. 
For  driving  tumblers  individually  or  in  small  groups,  the  capacity  of  the  motor  selected 
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need  be  only  sofficient  for  carrying  the  normal  running  load,  as  both  alternating  and 
^irect  current  motors  of  proper  size  have  sufficient  overload  capacity  to  provide  ample 
torque,  when  starting  the  loaded  tumblers,  without  injurious  heating  or  excessive 
current  demand. 

While  grinding  sets  may  be  successfully  run  with  belt  coimection  to  the  motor,  it  is 
usually  feasible  to  simplify  the  equipment  by  mounting  the  grinding  wheels  directly 
on  the  motor  shaft,  preferably  mounting  a  pair  of  wheels  on  a  double  shaft  motor, 
thereby  securing  compact  self-contained  units,  occupying  a  minimum  area  of  useful 
floor  space  and  rendering  the  consumption  of  power  directly  proportional  to  the 
amount  of  work  performed. 

FBBieErr  handlino. 

In  factories^  mills^  yards,  mines,  and  in  all  well-<»ganiaed  enterprises,  the  handling 
of  material  is  usually  well  systematized  and  the  use  of  electric  cranes,  lif  ts^  ccmveyors^ 
hoists,  locomotives  and  trucks  is  almost  universal. 

Also  in  carting  and  distributing  merchandise  in  towns  and  cities  the  electric  trucks 
and  wagona  have  found  great  favor,  largely  displacing  the  htHse-drawn  trucks  and 
wagons  and  competing  successfully  with  the  gasoline  trucks  on  account  of  cheaper  net 
cost  of  service,  simplicity  of  operation,  and  greater  reliability. 

There  is,  however,  in  this  country  a  branch  of  freight  handling,  enormous  in  amount, 
which  electricity  has  hardly  yet  begun  to  touch  notwithstanding  its  many  advantages. 
I  am  referring  to  the  loading  and  discharging  of  seagoing  ships,  especially  foreign-trade 
ships.  At  present  the  loading  and  unloading  is  done  by  Uie  stevedores^  principally 
with  the  aid  of  ship  steam  winches,  which,  on  account  of  limited  power,  awkward 
location  of  the  operator  hidden  from  hia  draft,  poor  range  of  speed  regulaUon  during 
tcttvel,  starting  and  stopping  and  other  inJierent  difficulties  under  ^^ch  the  <^>er- 
atives  must  work,  render  efficiency  and  speed  practically  impossible.  Some  city 
administrations  are  recognizing  the  importance  of  increasing  the  load  factcnr  and  effi- 
ciency of  their  docks  and  of  giving  iiulucementa  to  freighters  by  saving  to  t^m  con- 
siderable loss  infixed  charges  and  pay  rolls  on  account  of  slow  loading  and  discharging 
of  their  cargoes  at  the  docks. 

Electric  trucks  on  docks  are  very  efficient  and  economical,  and  in  addition,  to 
obtain  increased  diq>atch,  reduced  cost,  greater  safety  to  life,  and  lessened  damage 
to  goods  in  transit,  electric  winches,  operated  by  controllers  located  at  the  motcos, 
have  been  used  on  some  wharves  and  have  given  beneficial  results  in  furnishing  the 
stevedores  abunaant  power  and  greater  flexibility  of  coordinating  the  work  of  the 
grincbee  on  shipooard  with  the  electric  winches  on  the  pier.  The  real  solution  of 
this  problem,  however,  lies  in  the  adopti<m  of  a  plan  by  which  on  the  wharves  will 
be  installed  a  sufficient  numoer  of  portaole  two-motor,  two-drum  winches  with  double 
portaole  master  controller  which  ia  strapped  to  the  operator  who  controls  all  move- 
ments from  the  ship's  deck.  The  advantages  of  the  plan  are,  first,  no  time  is  lost  in 
getting  old  steam  gear  into  working  order;  second,  qpeed  is  not  limited  by  lack  of 
power;  third,  the  operator,  having  always  in  view  his  draft,  works  at  higher  speed  and 
greater  safety  to  men  and  property— also  the  great  familiarity  with  hia  machine  enables 
him  to  handle  it  more  expeditiously  than  when  operating  a  great  variety  of  foreign 
Tiarhines  with  different  and  unfamiliar  met^unis  of  control ;  foiurth,  accelerating  speed, 
braking,  reversing,  and  stopping  are  all  d(me  electrically  and  uniformly,  the  master 
controller  merely  indicating  when  these  things  shall  be  done;  fifth,  the  coworiiers 
work  at  eaee  and  with  safety  and  dispatch,  knowing  that  the  operator  has  them  in 
view  at  all  times.  Demonstrations  of  this  plan  are  imder  way  for  the  city  of  Phila- 
delphia. The  subject  is  one  of  vital  importance  to  seaport  cities,  aa  the  greater  the 
ftunlities  for  aispatch  in  loading  and  discharging  ships  the  greater  will  be  the  traffic 
attracted  to  their  ports. 
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VUBKAOBS. 

A  diwtingiiiwhing  cluuracteristic  of  the  electric  furnace  is  the  ability  to  develop  and 
concentrate  heat  when  desired  with  an  ability  to  control  and  measure  the  energy 
supplied  that  is  practically  perfect.  There  are  no  gases  produced,  except  those 
inherent  to  the  process,  and  no  transfamice  of  heat  through  refractory  walls. 

The  furnace  consists,  in  its  simplest  analysis,  of  a  refractory  lining  and  eleclzodes 
providing  for  the  passage  of  current.  In  stationary  furnaces  used  in  high-temperatuie 
work  the  lining  usually  consists  of  the  material  being  worked  on,  or  of  magnesite, 
dolomite,  or  silica;  other  mat^ials,  such  as  fire  brick,  magnesite  brick,  concrete,  etc, 
are  used  as  supporting  mediums.  Tilting  furnaces  are  built  in  somewhat  the  same 
manner  as  the  ordinary  open-hearth  steel  furnace.  They  are  mounted  on  trunnions 
cat  rollers  and  lined  with  refractory  materials,  generally  similar  to  those  quoted  above, 
but  more  commonly  of  magnesite  brick,  usually  roofed  over  with  silica  brick.  The 
electrodes  are  made  of  carbon  or  graphite. 

The  heat  is  generated  by  passing  current  through  an  arc  or  a  resistance,  or  a  com- 
bination of  the  two;  the  furnace  may  therefore  be  divided  into  arc  and  resistance 
types,  with  combinations  of  the  two.  In  the  former  type  the  arc  extends  from  the 
dectrode  to  the  charge,  and  heating  is  accomplished  by  conduction  and  radiation, 
although  in  some  of  these  furnaces  electrodes  are  placed  above  the  charge  and  heating 
is  accomplished  by  radiation  alone.  In  furnaces  for  ferrosilicon,  calcium  carbide,  and 
other  like  materials,  the  arc  is  smothered;  that  is,  the  ends  of  the  electrodes  are  buried 
under  the  surftu^  of  the  chaige  and  heating  is  produced  by  the  arc  and  the  resistance 
effects  combined. 

Resistance  furnaces  sometimes  use  the  chaige  as  the  resistor  and  the  current  is 
brought  to  it  through  carbon  or  metal  electrodes,  though  one  particular  type  of  this 
furnace,  the  induction  furnace,  does  not  use  electrodes.  In  this  the  chaige  acts  as 
the  secondary  of  a  transformer  and  being  in  inductive  relation  to  a  primary  high- 
voltage  winding.  This  type  of  furnace  is  usually  operated  with  a  molten-metal  chaige 
on  account  of  the  difficulty  of  starting  this  type  of  furnace  with  a  cold  charge.  Neariy 
all  resistance  furnaces  generate  heat  in  a  separate  resistor  from  which  it  is  transferred 
to  the  charge  by  conduction  and  radiation. 

It  is  not  to  be  expected  that  the  electric  furnace,  as  such,  will  ever  be  able  to  com- 
pete with  the  highly  developed  blast  furnace,  which  has  been  brought  to  a  state  of 
high  commercial  efficiency,  but  it  is  effective  and  shows  marked  economy  in  the  pro- 
duction of  high-grade  steels,  especially  crucible  and  alloy  steels. 

Many  of  the  newer  steel  alloys,  such  as  vanadium  steel,  chrome  steel,  etc.,  could  not 
have  been  brought  to  their  present  development  without  the  aid  of  the  electric  furnace, 
though  it  need  not  necessarily  be  employed  in  the  actual  commercial  production  of 
this  material.  It  should  also  have  great  commercial  application  in  the  soaking  pit 
for  hot  ingots,  where  it  has  been  shown  that  they  can  compete  with  gas  fired  pits. 
They  have  the  advantage  of  being  nonoxidizing  and  of  requiring  lees  than  half  the 
space. 

The  Heroult  furnace  is  perhaps  the  best  example  of  the  application  of  electricity  to 
steel  making  at  the  present  day,  though  its  forerunners  used  in  the  manufacture  of 
crucible  steel  are  many  of  them  still  in  existence,  doing  good  work;  the  tendency  is 
always  toward  the  creation  of  larger  imits  and  a  nearer  approach  to  the  form  of  the 
ordinary  open  hearth  furnace  with  the  common  tilting  feature. 

An  interesting  electric  furnace  used  in  the  recovery  of  gold  from  hi^  grade  slags  has 
lately  been  put  into  service.  This  furnace  is  started  as  an  arc  furnace  and  operates  as 
sudi  until  thoroughly  hot,  when  the  charge,  which  consists  of  slag,  brick  dust,  refinery 
by-products,  litharge,  coke  and  scrap  iron,  is  added.  The  electrodes  are  manipulated 
as  tiie  current  consumption  changes  until  their  projection  into  the  molten  chaige 
causes  the  furnace  to  operate  as  a  resistant  type;  the  dag  and  lead  are  tapped  off  as  in 
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the  blast  furnace.  The  furnace  ahowB  a  saving  in  gold,  a  production  of  low  grade  slag 
free  from  shot  and  low  cost  of  operation. 

Zinc  smelting  by  electricity  has  been  attempted  by  many  investigatorB,  but  com- 
mercial success  remains  to  be  assured.  The  practical  control  of  temperature,  together 
with  the  lack  of  oxidation  products,  the  freedom  from  loss  of  metal,  and  the  absence  of 
superheated  gases,  are  advantages  of  the  induction  furnace.  Calcium  carbide,  carbor- 
undum, alundum,  diamitine,  hard  graphite  and  flake  graphite  are  all  products  of  the 
electric  furnace. 

For  hardening  and  general  heat  treatment,  several  types  of  electric  furnaces  are  now 
on  the  market  and  some  of  them  are  arranged  to  permit  of  wide  temperature  variations 
so  that  they  can  be  used  with  copper,  brass,  nickel  steel,  wrought  iron,  and  various 
alloys.  Furnaces  of  this  tyx>e  are  especially  valuable  in  the  heating  and  forging  of 
nickel  steel  and  of  material  which,  ordinarily,  is  very  difficult  to  handle.  Small 
reheating  electric  furnaces  are  commercially  practicable  from  the  standpoint  of  fuel 
alone  where  the  current  consumption  per  ton  is  400  kilowatt-hours  and  the  rate  1  cent 
I>er  kilowatt^iour  compared  with  oil  where  the  consumption  per  ton  is  100  gallons  at 
a  cost  of  4  cents  per  gallon,  or  natural  gas  where  the  consumption  per  ton  is  12,000 
cubic  feet  at  33  cents  per  thousand  cubic  feet. 

The  fact  that  the  electric  furnace  plant  operates  with  a  very  hig^  load  factor  is 
responsible  for  much  of  its  growing  importance.  The  particular  advantages  of  the 
electric  furnace  over  combustion  furnaces,  especially  in  annealing  and  other  heat 
treatments  are  the  accurate  control  of  temperature,  the  nonoxidizing  atmosphere  and 
easy  control.  The  fact  that  no  stack  or  blast  is  necessary  is  also  in  its  favor  and  the 
control  may  be  regulated  with  great  precision. 

ICB  MAKINQ  AND  REFBIQB&ATION. 

With  certain  systems  of  refrigeration  such  as  raw  water  ice  making  and  the  manufac* 
ture  of  plate  ice,  distilled  water  is  not  necessarily  used,  and  electric  drive  is  advan- 
tageously employed.  In  the  manufacture  of  artificial  ice  upon  a  large  scale  the 
absence  of  contamination  from  engine  oils,  grease  and  other  contamination  in  the 
finished  product  is  also  a  very  desirable  characteristic  of  electric  drive.  The  induc- 
tion motor  is  in  common  use  for  driving  plants  of  this  character.  Even  when  it  is 
necessary  to  purify  the  water  by  distillation,  as  in  the  ordinary  can  system,  it  is  found 
good  commercial  economy  to  distill  the  water  for  freezing  at  the  plant,  though  current 
may  be  taken  from  a  central  power  station.  An  interesting  variation  from  the  ordinary 
process  is  that  of  one  company  which  manufactures  artificial  ice  from  raw  lake  water, 
adding  from  10  to  15  per  cent  of  distilled  water  for  freezing  in  the  cores  of  the  cakes, 
thus  removing  the  objectionable  whiteness  of  the  core,  due  to  the  presence  of  minute 
air  bubbles.  This  distillation  requires  about  one  pound  of  coal  per  120  pounds  of  ice 
produced.  This  plant  produces  ice  at  a  rate  of  42  to  43  kilowatt  hours  per  ton  during 
the  winter  and  58  to  60  kilowatt-hours  per  ton  during  the  summer.  A  plant  which 
manufoctures  plate  ice  from  raw  water  is  driven  by  electric  power  throughout;  the 
water  is  kept  in  motion  while  freezing  by  the  use  of  compressed  air,  and  hot  anunonia 
gas  is  circulated  through  the  piping  system  to  loosen  the  plate  when  it  has  reached  the 
desired  thickness. 

At  the  close  of  the  year  1913  there  were  eight  electrically  operated  ice-making  plants 
in  Chicago  oi>erating  from  central  stations.  These  had  the  following  installed  and 
operating  diaracteristics: 

Total  rated  daily  capacity,  tons  ice  making 835 

Total  installed  horsepower  in  motors 3, 555 

Total  tons  of  ice  produced 157, 567 

Total  kilowatt-hours  for  the  year  (including  lighting) 8, 735, 188 

Ice  machine  load  factor,  per  cent 51. 69 
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Sum  of  higfaest  maTimiimw  for  each  individiial  plaol-'kilovttfct 2, 638 

Average  load  ^tor  based  on  maximum  Idlowattr-i^wr  cent. S7. 7 

Average  kikiwatt*boais  per  ton  of  ice  made 55. 5 

At  the  close  of  the  year  1914  nine  plants  had  been  added,  the  total  installation  and 
operating  characteristics  of  the  17  plants  were  as  follows: 

Total  rated  daily  capacity  in  tons,  ice  malring 1, 628 

Total  installed  horsepower  in  motors 6, 063 

Total  tons  of  ice  produced. 240,593 

Total  kilowatt-hours  for  the  year  (including  lighting).  ^ 14,252,015 

Ice  machine  load  factor^  per  cent 40. 5 

Sum  of  the  highest  maximums  for  each  individual  plan,  kilowatt 4, 619 

Annual  load  factor  baaed  <m  maximum  kilowatt,  per  cent 35. 3 

Average  kilowatt-hours  per  ton  of  ice  made 59.2 

Of  tliese  17  planta,  three  wen  planned  for  steam  drive,  two  changed  from  producer 
gas  and  one  from  <m1  engine  drive  to  electric  drive,  the  balance  were  built  and  installed 
initially  as  electrical  planta. 

These  nine  new  plants  were  installed  and  started  in  operation  during  the  hot  summer 

months,  it  being  necessary  to  try  out  and  cool  down  the  various  plants  before  ice- 

makiiig  was  begun;  lor  that  reason  both  maximums  and  consumptions  of  eneigy  are 

hig^r  and  ice  production  lower  than  the  average  for  the  year  would  have  been  had 

the  start  been  made  at  the  first  ol  the  year. 

Total  ice  used  in  the  city  ol  Ghieago  for  the  year,  in  tons,  was  1,999,000  and  of  this 

amount  there  were  in  tons: 

Tons. 

Natural  ice 1,200,000 

Distilled  water  ice 558,407 

Raw  water  ice. 240,593 

The  records  for  the  year  1915  can  only  be  given  for  the  10  months  up  to  date  and 
closing  October  31,  1915.  During  the  year  one  plant  was  added,  making  18  plants 
operating  on  central  station  service.  Installed  and  operating  characteristics  are  as 
follows: 

Total  rated  daily  capacity  in  tons,  ice  making 1, 728 

Total  installed  horsepower  in  motors 6, 504 

Total  tons  of  ice  produced  to  date  (Oct.  31) 268,874 

Total  kilowatt-hours  to  date,  including  lights 14, 103, 000 

Ice  machine  load  factor,  per  cent  to  date 51 

Sum  of  highest  maximums  for  each  individual  plant,  kilowatt 4, 654 

Annual  load  factor,  based  on  maximum  kilowatt  per  cent  (prorated  for  10 

months) 41} 

Average  kilowatt-hour  per  ton  of  ice  made 52. 5 

Average  performance  of  3  good  plants  in  1913— kilowatt-hour  per  ton 46. 2 

Average  performance  of  3  good  plants  in  1914 — ^kilowatt-hour  per  ton 48. 6 

Average  performance  of  3  good  plants  in  1915 — ^kilowatt-hour  per  ton 40. 2 

All  plants  use  alternating  current  service,  3  phase,  60  cycle,  230  volt,  and  all  figures 
for  kilowatt-hour  consumption  per  ton  of  ice  made  includes  all  power  for  production 
for  holding  storage  in  ice  storage  rooms  and  all  necessary  lighting  of  plant  premises. 

Out  of  163  inquiries  into  the  use  of  electricity  for  the  manufacture  of  ice,  146  com- 
panies reported  that  they  are  operating  plants  aggregating  3,455)  tons  total  capacity 
or  an  average  of  13.6  tons  per  plant.  Of  these  companies  130  reported  satisfactory 
results.    One  company  using  the  ''can  system  "  reports  as  follows: 

Total  tons  of  ice  manufactured 30,300 

Total  kilowatt-hours 1,329,785 

Average  kilowatt-hours  per  ton 43. 89 
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Battery  of  planers  with  individual  motor  drive. 


5-hor8epower,  60-cycle,  220-volt,  3-pbase,  1,200  R.  P.  M.  motor  driving 
flom"  sifter. 
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stacker  of  dredge  El  Oro  No  3.  sho  vin.;  house  containing  the  stacker  motor. 
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Type  LM-106-B-1  oloctric  locomotive,  S-ton  standard,  \vith  pantagraph  trolley,  Lincoln  (Pa.)  Colliery. 
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Two  IQ-ton  cranes  in  receiving  yard  of  tlie  American  Bridge  Co.,  Gary,  equipped  with  General  Electric  mill  type  motors. 
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Coal-mine  fan  house,  from  above. 
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Ten-horsepower,  1,200  R.  P.  M.  induction  motor  driving  group  of  six  carding  mac'.iines  in  cliFledrlU^pYf^^-^^™*"^' 

Cudahy  Packing  Co.,  Calumet,  Ind.  Digitized  by  VjUVJ^V  IC 
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Two-horsepower  direct-current  motor  driving  a  wood- 
boring  machine. 


Worn  steel  roll  wobbler  repaired  by  arc  welding. 
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I-(M0-500-K-440-voIt  vertical  motors,  belted  to  Fuller  mills,  plant  No.  4,  Universal  Portland 
Cement  Co.  There  are  eight  of  these  driven  altogether.  The  bearings  on  these  motors  have  given 
entire  satisfaction  in  spite  of  the  dust  and  grit  that  naturally  tend  to  produce  excessive  wear. 


Cleveland  rotary  planer  driven  by  CQ-10, 15-horsepower,  1,000  R.  P.  M.  motor. 


Five-horsepower,  1,200  R.  P.  M.,550-volt  induction  motor, direct  connected 
through  gear-reduction  box  to  hog  hoist.    Capacity,  720  hogs  per  hour?  /^/--vrxT/> 

*6— 370-ie  "  O 
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The  motowL  installed  were  3  phaee,  25  cycle,  2,200  volt.  The  total  horaepower 
installed  was  230,  of  which  175  horsepower  was  used  on  compressors  and  55  horse- 
power  in  auxiliary  motors. 

The  average  cost  totalled  $0.62  per  ton. 

The  above  company  used  distilled  water,  which  was  obtained  fxom  two  86-hor8e- 
power  low  pressure  boilera 

One  company  reports  upon  its  motor  driven  plants  as  follows: 


Numbor. 

Motor, 
horse- 
power. 

R0volu- 
tionper 
mimtte. 

Remarks. 

1 

1 

1 

1 

1 
1 
2 

1. 

1  1 

150 

5 

5 
5 

5 
5 
5 

20 
5 

405 

1,700 

1,700 
1,130 

1,700 
1,130 
1,130 

860 
1,120 

Belted  to  a  Uyliodv,  12  by  24  Indi  horiMntal,  doable^Msttag  amnumla 
oompreBior.    Rated  emdiy  100  tona  refrigeration  per  24  houra,  U5 
pounds  comprwslon,  19  Dounds  back  pressure.    Dr^en  fly-whcSl,  16 
feet  diameter;  rim.  3l  by  rinah;  6B  rev^tionDer  mimite. 

m  brine  tank. 
Belted  to  two  4-ineh  oantrifocal  pumpe  to  cirookito  brine  in  another  tank. 
Beltwl  to  an  8  by  8  inch  single  cylinder,  vertical  air  oompwesor,  120  reyo- 

room. 
Belted  to  a  duplicato  blower,  the  two  supplying  air  to  agitato  water  In  eans. 
Bolted  to  poeftlve  blower,  450  revolutlona  per  mhiuto. 
Each  belted  to  a  2i-ta]ch  centrifugal  pump.    The  two  pumps  are  hi  aeries 

and  raise  water  flrom  well  to  storage  tank  agalittt  a  total  heed  oflOO  feet. 
Ceared  to  a  750  feet  single  chain  ice  conveyor  on  loadhig  platform. 
Geared  to  an  loe  elevator  from  storage  room  to  loading  ptetform. 

Power  eonmimptum. 


Month. 


January. 
February 
March... 
Aprfl.... 


Kilowatt- 
hour. 


10,500 

8,640 

76,800 

97,440 


Month. 


May... 

June... 
July... 
August 


Kflowatt- 
hour. 


72,240 
14,880 
12,480 
50,640 


Month. 


September 
October... 
November. 
December. 


Kilowatt- 
honr. 


92,880 
94,320 
97,680 


A  small  plant  gives  the  following  figures: 


Number. 


Horse- 
power, 
motor. 


Revolu- 
tion per 
minuto. 


1,120 


Remarics. 


Belted  to  a  2-ton  ice  machine;  ammonia  pressure,  180  pounds; 
sure,  15  pounds;  fly-wheel,  36  inch  diameter,  6|  by  1}  i 
I     pulley,  86  by  at  inches;  140  revolutions  per  minute. 


Po%Der  oontum'ptwn. 


Month. 


Kilowatt- 
honr. 


January I  820 

February 275 

Man* I  245 

April \  676 


Month. 


May..« 

June... 
July... 
August. 


KHowatt- 
hoor. 


751 

790 

1,311 

1,180 


Month. 


September 
October... 
November. 


Kllowatt- 
honr. 


733 
101 


One  large  railroad  system  uses  electric  power  in  furnishing  refrigeration  for  the 
dining-room  service  in  a  large  station.  Two  4-ton  motor  driven  compreasoro  are  used ; 
one  in  cold  weather,  but  both  during  the  heated  term,  l^e  same  railroad  company 
tiao  usee  electricity  for  cooling  can  in  which  fresh  milk  is  shipped.  These  cais  are 
equipped  with  six  tanks  connected  in  series  with  each  other  and  a  double  look  con- 
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■iflting  of  a  closed  piping  syBtem  containing  brine  kept  in  circulation  by  meana  of  an 
electrically  driven  pump.  The  brine  ia  kept  cool  by  icing  several  compartments 
through  trap  doors  in  the  roof  of  the  car.  The  motor  driven  brine  circulating  pump 
is  about  one-sixteenth  horsepower  and  is  operated  from  the  regular  car  battery  service. 
The  cost  of  the  entire  installation  is  considered  not  to  have  exceeded  $150.  The  operat- 
ing cost  is  low;  current  probably  costs  10  cents  per  kilowatt-hour  in  car  lighting  service 
supplied  through  storage  batteries  as  in  that  upon  which  this  system  is  operated. 

The  necessity  for  cooling  apparatus  in  the  manufacture  of  explosives  has  long  been 
appreciated.  Experts  are  required  to  determine  the  exact  results  demanded  of  the 
refrigerating  apparatus.  Brine  is  the  cooling  medium.  The  inductbn  motor  with 
its  freedom  from  sparking  of  any  character  is  logically  the  least  dangerous  of  any 
form  of  individual  drive  in  such  establishments. 

The  construction  of  refrigerating  plants  for  the  precooling  of  fruit  is  comparatively 
recent,  but  an  important  application.  In  several  laige  establishments  splendid 
results  have  been  obtained  which  have  contributed  to  the  better  preservation  of  fruit 
in  transit  and  possibly  affected  the  market  price.  It  is  more  effective  than  the  old 
method  of  icing  a  frdght  car  full  of  fresh  fruit.  Some  large  precooling  plants  store 
and  reduce  the  fruit  to  the  proper  temperature  before  shipment,  as  well  as  reduce  the 
interior  temperature  of  the  cars.  The  bunkers  are  filled  with  ice,  but  since  the  can 
and  the  goods  have  already  been  reduced  in  temperature,  reicing  is  not  necessary  for 
a  long  time.  Another  method  is  to  connect  laige  flexible  canvas  air  ducts  to  the  cars, 
through  which  a  cold  blast  of  air  is  forced  until  the  proper  temperature  is  obtained. 
The  car  is  then  iced  ready  for  shipment.  The  brine  system  is  capable  of  storing  up 
lefrigeratbn  in  the  brine;  this  can  be  utilized  to  advantage  in  handling  a  large  num- 
ber of  cars  coming  in  at  one  time.  The  amount  of  refrigeration  required  per  car  varies 
from  2  to  4  tons,  and  approximately  four  hours  are  required  to  precool  each  car  to  a 
temperature  of  a^ut  40^  F.,  which  seems  to  be  best  adapted  for  fruit. 

The  freezing  and  storage  of  fish  is  carried  out  by  arranging  the  direct  expansion 
pipe  in  the  form  of  shelves,  on  which  the  pans  of  fish  are  placed  to  be  frozen. 

Some  industries,  such  as  the  manufacture  of  cheese,  infant's  food,  and  other  dairy 
products  require  refrigeration  as  well  as  location  in  districts  where  the  raw  material 
can  be  readily  obtained.  Easy  access  to  transmission  lines  from  which  power  may 
be  taken  results  in  the  use  of  electrically  driven  refrigerating  machines  as  well  aa 
mixers,  kneaders,  sifters,  and  other  baker's  machinery,  especially  in  the  manufacture 
of  prepared  foods.  The  separation  of  cream  and  milk  is  done  with  high  speed  motor 
driven  centrifugals.  The  circulation  and  maintenance  at  the  proper  temperature  of 
the  milk  and  whey  (and  the  mixing  of  the  curd  in  the  preparation  of  the  infant  foods 
more  especially)  is  also  carried  on  electrically  as  well  as  the  regulation  of  the  tem- 
perature of  the  cold  storage  rooms  in  which  cheese  is  cured. 

Hotels,  hospitals,  apartment  houses,  ice  cream  Victories  and  plants  for  the  manu- 
facture of  explosives  are  equipped  with  electrically  driven  machinery.  Small  refriger- 
ating machines  driven  by  motors  are  used  in  the  brine  system  and  also  where  ethyl 
chloride  is  used  in  preference  to  an  ammonia  system. 

In  tempering  steel  products,  especially  those  of  small  size,  such  as  roll  and  ball 
bearings,  high  grade  forgings,  etc.,  the  refrigerating  machine  is  used  to  control  the 
quality  of  the  product,  by  the  maintenance  of  a  quenching  bath  at  a  predetermined 
and  uniform  temperature;  the  electric  motor  presents  an  opportunity  to  obtain  this 
control  directly  through  the  prime  mover.  In  some  cases  oil  and  in  others  water  or 
brine  are  the  quenching  mediums  in  which  tempering  is  performed,  and  the  tempera- 
ture is  maintained  by  cooling  in  separate  receptacles  or  by  coils  inserted  in  the  temper- 
ing bath. 

A  condensed  list  of  the  field  covered  by  mechanical  refrigeration  will  give  an  idea 
of  the  extent  to  which  electric  power  may  be  used.  This  embraces  air  cooling,  the 
recovery  of  alcohol,  magazine  cooling  on  warships,  bakeries,  bleaching  works,  beer 
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■torage,  air  drying  for  blast  fumacee,  bottling  works,  breweries,  canning,  the  manu- 
facture of  aluminum,  anunonia,  automobile  steels,  candles,  carbonated  beverages, 
celluloid,  cheese,  chemicals,  chocolate,  cider,  cigars,  cocoa,  lard,  synthetic  food  prod* 
nets  and  confectionery,  the  recovery  of  ether,  fish  culture,  fish  freezing  and  storage, 
for  storage,  the  manufiicture  of  glue,  glass,  gelatine,  curing  of  hides,  the  production 
«l  oxygen,  nitrogen,  the  manufacture  of  matches,  the  production  of  carbon  dioxide 
snow  for  the  treatment  of  skin  diseases  and  canorous  growths,  the  freezing  of  cadavers 
and  other  refrigeration  for  hospitals  and  morgues,  oil  refining,  oyster  packing,  manu- 
facture of  oleomaigarine,  perfumery,  parafiSne,  the  prolonging  of  silk  worm  hibernation 
and  the  manufacture  of  rubber,  sirup,  tobacco  and  vinegar. 

THE  ICE  CREAM  INDUSTRY. 

The  estimated  output  of  the  ice  cream  Victories  in  the  United  States  during  the 
year  1914  was  about  140,000,000  gallons,  not  including  hotels,  restaiirants,  or  soda 
water  fountains,  etc.,  the  output  of  which  probably  reached  60,000,000  gallons.  The 
'Combined  output  of  ice  cream  therefore  probably  reached  a  total  of  200,000,000  gal- 
Ions,  or  about  2  gallons  per  capita  of  population.  The  amount  paid  by  the  people 
«f  this  country  for  this  estimated  1914  consumption  of  ice  cream  is  probably  in  excess 
of  $250,000,000. 

There  has  been  a  decided  change  in  the  methods  employed  in  freezing,  hardening 
and  storing  ice  cream.  Form^ly  a  mixture  of  ice  and  salt  was  used  in  the  large  plants, 
the  same  as  is  now  used  in  the  small  jbmily  freezer.  The  use  of  this  method  on  a 
commercial  scale  resulted  in  much  heavy,  wet  and  disagreeable  work,  and  in  decidedly 
innnitary  conditions  about  the  plant.  Under  such  conditions  an  average  of  approxi- 
mately one  ton  of  ice  and  from  200  to  500  pounds  of  salt  were  required  for  each  100 
gallons  of  ice  cream  frozen.  A  considerable  amount  of  ice  and  salt  is  still  employed 
even  in  some  of  the  modem  plants  for  packing  and  shipping  the  cream,  but  mechan- 
ical refrigeratbn  has  largely  replaced  the  use  of  ice  and  salt  for  cooling,  freezing,  and 
storage  purposes. 

Provision  must  be  made  in  ice  cream  making  for  the  pasteurizing,  cooling,  and 
storage  of  milk  and  cream.  The  mixing  of  the  cream,  milk,  and  other  ingredients  in 
the  larger  plants  is  usuaUy  done  in  a  large  vat  or  tank,  frcnn  which  it  is  pumped  or 
flows  by  gravity  to  the  freezers.  Practically  all  of  the  brine  ice  cream  freezers  in  use 
to-day  are  adaptations  of  the  principle  of  the  jacketed  can  with  a  revolving  paddle. 
Odd  brine  flows  through  the  jacket  of  the  freezer  and  the  ice  cream  mixture  is  cooled 
in  the  inner  compartment  until  it  is  viscous  and  just  capable  of  flowing  into  the 
containers  in  which  it  is  hardened.  In  some  plants  a  continuous  type  of  freezer  is 
employed,  the  mixed  ingredients  entering  at  one  end  and  the  frozen  product,  in  a 
viscous  state,  being  continuously  discharged  at  the  other  end. 

The  standard  size  of  freezer  is  40  quarts,  or  10  gallons  of  finished  product,  although 
in  some  cases  a  freezer  of  double  this  capacity,  or  20  gallons,  is  in  use.  Ten-gallon 
freezers,  arranged  for  individual  drive,  are  generally  equipped  with  2-horsepower 
motors.  In  plants  where  a  number  of  freezers  are  operated  by  a  single  motor,  a  some- 
what smalls  horsepower  allowance  per  freezer  is  provided. 

Two  methods  are  commonly  employed  for  hardening  ice  cream.  The  method 
usually  employed  by  the  small  retailer  involves  the  use  of  a  brine  £ank  containing 
cans  in  which  the  cream  b  placed  after  it  leaves  the  freezer.  Cooling  coils  are  arranged 
in  the  tank  to  maintain  a  temperature  of  about  0®  F.  In  the  larg^  plants,  the  dry 
hardening  method  is  being  employed.  A  well  insulated  and  vestibuled  room  is 
arranged  with  shelves  upon  which  the  cans  of  freshly  made  cream  are  placed.  Air 
from  a  cooling  chamber  is  circulated  by  a  fan  over  the  cans  and  an  extremely  low 
and  even  temperature  is  thus  maintained.  This  method  of  hardening  poeseases  much 
greater  cleanliness  than  the  brine  system.  For  small  installations,  however,  it  requires 
a  greater  amount  of  space  than  the  brine  tank  system  and  is  more  costly  to  install. 
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To  give  some  idea  of  the  usual  motor  equipment  in  an  ice  cream  plant,  the  equip- 
ment in  a  small  plant,  producing  2,000  gallons  of  ice  cream  p^  month,  together  with 
a  daily  output  of  500  pounds  of  ice,  will  be  mmitioned.  This  plant  consists  of  one  15- 
horsepower  motor  driving  a  5-ton  CO2  compressor;  a  2-hor8epower  moto  roperating  a 
40  quart  freezer,  and  a  l}-horsepower  motor  operating  a  circulating  pump.  In  another 
plant  with  a  maximum  monthly  output  of  about  14,000  gallons,  the  equipment  consists 
of  a  10-ton  Qompreasor  operated  by  a  20-horsepower  motor;  a  5-horBepower  motor 
operating  the  ice  cream  freezers,  a  3-horsepower  motor  driving  an  ice  crusher,  a  3- 
horsepower  motor  operating  a  brine  pump,  and  a  Z-horsepower  fan. 

The  cost  of  the  refrigerating  equipment  for  ice  cream  plants  will  range  from  about 
$3,000  for  a  plant  of  100  gallons  daily  capacity  to  about  $6,000  or  $7,000  for  a  plant 
of  500  gallons  daily  capacity. 

The  consumption  of  electrical  eneigy  by  ice  cream  plants  will  usually  nmge  from 
i  to  li  kilowatt  hours  per  gallon.  Tests  recently  made  upon  a  10-gallon  freeser, 
requiring  12  minutes  for  a  complete  cycle,  including  filling,  freezing  and  emptying 
the  batch,  gave  an  average  load  of  1.86  kilowatts,  which  is  equivalent  to  0.037  kilowatt 
hours  per  gallon.  The  consumption  of  energy  for  refrigerating  purposes  varies  con- 
siderably. Theoretically  from  12  to  14  gallons  of  ice  cream  can  be  changed  to  the 
hard  conmiercial  product  per  hour  per  ton  of  refrigeration,  but  under  commercial 
omditions  a  very  much  smaller  output  than  this  is  normally  obtained. 

The  load  curve  of  ice  cream  plants  is  particularly  attractive  from  a  central  statktt 
point  of  view,  inasmuch  as  the  greater  part  ol  the  energy  requirements  occur  during 
the  summer  months  wh^i  the  lighting  kad  is  at  a  minimum.  The  daily  load  foctor 
is  very  high  on  account  of  the  continuous  refrigerating  requirements  throughout  the 
24  hours  for  hardening  and  for  storing  the  product. 

IRBIQATION. 

Irrigaticm  by  pumping  is  both  practical  and  economical;  the  older  forms  which 
relied  on  the  intermittent  power  furnished  by  windmills  or  the  usually  prohibitive 
cost  of  installation  and  operation  of  steam-driven  pumps  have  been,  to  a  large  extent, 
superseded  by  the  electric  motor.  The  field  for  irrigation  by  pumping  removes  the 
limits  usually  surrounding  all  but  the  most  favored  farms,  since  it  enables  use  to  be 
made  of  any  surfoce  or  und«:ground  waters  within  a  reasonable  distance  below  the 
surfoce  of  the  land  to  be  irrigated. 

Wells  may  be  of  either  the  drilled  or  dug  type.  When  the  stratum  of  water-bearing 
gravel  is  of  considerable  thickness  or  there  are  several  water-bearing  strata,  the  drilled 
wells  are  preferable  and  they  should  be  perforated  opposite  all  such  gravels.  In 
cases  where  there  is  but  one  comparatively  thin  water-bearing  stratum  large  dug 
wells  are  necessary. 

Irrigation  has  been  carried  out  in  some  Western  States  by  the  installation  of  a  series 
of  standpipes  placed  along  the  highest  Une  of  the  field;  to  these  the  water  flows 
throu^  an  underground  pipe.  It  is  broi^ht  to  the  surface  by  these  distributed  stand- 
pipes  and  permitted  to  overflow  through  spouts  inserted  in  the  pipe. 

Where  water  is  scarce  it  is  sometimes  applied  by  means  of  a  pipe  with  removable 
sections.  This  prevents  seepage  and  evaporation  losses  and  permits  the  removal  of 
individual  joints  of  pipe  and  the  concentration  of  the  flow  of  water  at  any  partictdar 
spot  desired;  this  also  permits  irrigation  at  widely  separated  points  without  over- 
burdening the  plats  which  have  already  been  wat«^.  On  sandy  soils,  and  also  on 
heavy  soils  where  it  is  necessary  to  hold  water  on  the  land  long  enough  for  penetration, 
it  is  necessary  to  follow  the  rice  planter's  method  of  irrigation  in  so  &r  as  individual 
plats  are  concerned.  This  consists  in  allowing  the  water  to  stand  over  the  area  to 
be  flooded,  between  levees  or  banks. 

Piarticular  attention  is  called  to  the  application  of  electricity  for  the  provision  of 
^  an  adequate  supply  of  irrigation  water  to  rice  and  other  land  such  as  this  by  the  in- 
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stallation  of  motor-driven  pumpe  which  can  take  water  from  a  prepared  screened 
intake  near  or  in  the  source  of  supply,  such  as  a  river,  and  discharge  directly  into 
the  irrigation  ditches  without  the  necessity  of  keeping  up  such  an  expensive  system 
of  river  banks  and  main  canals. 

Irrigation  by  furrows  has  the  advantage  over  flooding,  in  that,  where  land  is  covered 
with  water  it  has  a  tendency  to  bake  and  crack,  and  when  a  small  volume  is  per- 
mitted to  flow  in  the  bottom  of  the  narrow  ditch  for  several  hours,  the  soil  beneath 
and  for  some  distance  on  either  side  becomes  wet  while  the  surface  remains  nearly  dry. 

Surface  irrigation  is  most  commonly  used  but  can  not  be  so  readily  adapted  in  more 
humid  regions.  1 1  is  impossible  to  grade  land  having  a  shallow  soil  without  destroying 
the  productiveness  of  a  large  part  of  the  surface,  but  many  areas  in  the  humid  region 
are  adapted  for  subsurface  irrigation  through  an  underground  tile  or  pipe,  though 
only  shallow  rooted  crops  can  be  grown  without  danger  of  stopping  up  the  tile. 

The  system  which  distributes  the  wat^  through  the  fields  under  pressure,  spraying 
it  into  the  air  and  letting  moisture  drop  like  gentle  rain,  sometimes  known  as  the 
aerial  method,  will  distribute  water  evenly  over  the  surface  of  rough  or  rolling  ground 
regardless  of  soil  or  imdeiground  conditions.  It  is  especiaUy  adapted  to  conditions 
where  the  demand  is  for  small  and  frequent  applications  of  water. 

Winter  and  spring  wheat,  barley,  oats,  and  other  grains  require  a  maximum  of  12 
inches  of  water  during  the  period  of  the  filling  of  the  heads  of  grain.  Potatoes  and 
sugar  beets  require  a  maximum  of  12  inches  while  these  crops  are  filling  most  rapidly 
below  the  sur^e  of  the  ground.  Alfalfa  requires  a  large  amount  of  wat^  immedi- 
ately following  the  cutting  of  each  crop.  All  of  the  above  crops  require  irrigation 
at  other  periods,  but  the  ruling  just  given  covers  the  maximum  conditions. 

Alfalfa  and  grains  are  irrigated  by  flooding;  com,  potatoes,  orchards,  small  fruits, 
etc.,  by  furrows  along  which  the  water  flows  and  percolates  throiigh  the  adjacent 
soil;  a  small  stream  of  low  velocity  should  flow  in  these  furrows,  and  the  running 
wat^  should  never  actually  touch  the  plants  or  trees. 

The  results  of  tests  on  about  60  small  pumping  plants  in  Colorado  from  which  costs 
were  obtainable  showed  that  under  average  conditions  a  plant  capable  of  irrigating 
160  acres  of  land  through  a  lift  of  25  feet  represented  an  investment  by  the  farmer  of 
$7.45  per  acre.  Operating  costs  obtained  in  connection  with  the  above  tests  varied 
between  $1.75  and  $2.25  per  acre-foot  for  160  acre  tracts  under  25  feet  lift.  If  we 
accept  the  figures  given  in  the  Colorado  cases  as  average  costs  for  160-acre  tracts, 
pumping  from  wells  20  feet  deep,  and  assume  ditch  water  rights  at  |50  per  acre  with 
$1.25  maintenance  charge,  including  depreciation  or  ditches  and  flumes  (which  is  very 
low  for  any  projects  now  under  consideration)  there  is  a  considerable  saving  to  the  farmer 
by  the  use  of  a  pumping  equipment.  Fig:urLng  interest  at  6  per  cent  on  the  original 
$50  per  acre  investment  in  ditch  rights  plus  the  maintenance  charge  of  $1.25,  the  cost  , 
to  the  ^mer  is  $4.25  per  acre  per  year  for  gravity  irrigation.  Taking  the  same  interest 
charge  on  the  original  pumping  investment  of  $7.45  with  an  added  depreciation  charge 
of  4  per  cent,  or  10  per  cent  total,  the  cost  to  the  farmer  for  irrigation  by  pumping 
it  $0.75  plus  $2  average  operating  cost,  or  $2.75  per  acre  per  year,  or  a  saving  of  $1.50 
per  acre  per  year,  and  this  without  taking  into  consideration  the  tremendous  advan- 
tage of  being  assured  of  water  at  just  the  time  it  is  required  regardless  of  the  demands 
of  his  neighbors. 

From  data  available  on  larger  projects  the  initial  cost  of  pumping  for  4,000-acre 
tracts  under  50  feet  head  is  $15  per  acre,  plus  $1.85  for  power  (based  on  $20  per  horse- 
power year)  and  attendance.  Figured  on  the  same  basis  of  6  per  cent  interest  and 
4  per  cent  depreciation,  or  10  per  cent  total  on  the  initial  cost  per  acre,  the  cost  to  the 
fanner  is  $3.35  per  acre  per  year.  In  this  same  district  the  average  cost  of  ditch 
water  rights  is  $60  per  acre  with  $1.50  maintenance  charge  or  a  total  cost  to  the  ^mer 
of  $5.10  per  acre  per  year.  It  is  believed  that  these  figures  represent  fair  average 
conditions  for  plants  of  their  respective  capacity. 
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LUMBBB  MILLS. 

The  operation  of  chain  aawB,  skidders,  and  the  like  by  electric  power  has  i>roven 
successful,  and  electrically  operated  cable  ways  have  been  employed  in  the  thick 
cypress  swamps  in  the  South  since  1897.    This  is  about  as  severe  a  test  as  could  be 
made  of  the  feasibility  of  electric  power  in  operations  requiring  heavy,  prolonged,  * 
and  sustained  eSort  under  adverse  conditions. 

The  reduction  of  fire  hazard  by  the  installation  of  electric  power  (especially  that 
from  induction  motors)  in  lumber  mills  is  one  of  its  most  striking  advantages.  The 
comparative  freedom  from  great  numbers  of  belts  is  also  an  important  feature.  WhUe 
it  does  effect  a  reduction  in  the  amoimt  of  space  required,  this  need  not,  except  in 
certain  types  of  mills,  be  considered  as  especially  advantageous,  inasmuch  as  certain 
sizes  are  required  in  any  case  for  the  operation  of  the  log  carriers  and  the  saws.  This 
is  of  advantage,  however,  where  a  large  number  of  planers  or  resaws  are  used.  Such 
is  also  the  case  in  the  manufacture  of- box  shocks,  which  at  the  present  time  forms  an 
important  branch  of  the  lumber  industry.  For  this  work  individual  motore  are  used 
in  driving  planers,  gang  and  other  saws,  box  nailing  machines,  and  the  like,  as  well 
as,  in  some  cases,  matchers. 

A  widely  distributed  branch  of  the  lumber  industry,  which  is  not  genially  con- 
sidered as  of  much  importance,  owing  to  the  wide  separation  of  the  points  where  the 
power  is  supplied,  is  the  manufacture  of  wooden  forms,  used  in  the  placing  of  con- 
crete in  construction  work.  The  machines  provided  for  this  work  are  usually  com- 
bination machines— that  is  to  say,  they  partake  of  the  nature  of  surfacen,  boring 
machines,  circular  saws,  matchers,  and  headers.  They  are  of  small  size  and  limited 
capacity  when  compared  with  the  machines  used  for  turning  out  laige  quantities 
of  like  material  at  the  mills;  they  are  one  of  the  few  machines  for  the  performance  of 
a  variety  of  operations  in  combination  that  have  proven  successful. 

In  the  manufacture  of  handles  for  hoes,  rakes,  axes,  hammers,  and  the  like,  large 
numbers  of  pattern  lathes,  followers,  sanders,  edgefs,  and  other  like  machines  are 
used,  and  this  branch  of  the  industry  shows  more  saving  in  space  by  the  use  of  electric 
motors  than  almost  any  other  timber  working  establishment.  This  is  for  the  reason 
that  the  raw  material  used  is  of  small  size  and  does  not  require  such  large  space  for 
its  manipulation  as  in  the  case  of  the  saw  and  planing  mills.  The  same  consid^atioa 
is  effective  in  shingle  mills  as  well.  In  high  speed  planing  mills,  profilers,  surtftcera, 
matchers,  molders,  and  all  types  of  saws  are  adapted  for  motor  drive;  here  the  maim- 
tenance  of  proper  speed  relations  is  responsible  for  the  use  of  individual  inductiMi 
motors. 

MACHINB  SHOPS. 

Increased  production  alone  is  sufficient  reason  for  the  application  of  motor  drive 
to  every  form  of  machine  tool,  but  in  addition  to  this  the  advantages  of  reduced 
space  required,  perfect  speed  control,  and  ease  of  access  are  also  obtained.  Some  of 
these  features  are  very  marked,  especially  in  the  case  of  such  tools  as  planers,  which 
require  several  belts  when  operated  from  line  shafting,  engine  lathes,  and  other  revers- 
ing tools.  Some  of  the  laige  machine  work  which  has  been  carried  on  in  recent  years 
would  have  been  impracticable  without  the  use  of  direct  connected  motor  driven  tools. 
Particular  reference  may  be  made  to  laige  engine  and  generator  castings,  water  tur- 
bine runners,  etc.  Other  large  tools,  such  as  boring  mills  and  radial  drills,  pole  saws, 
rotary  planers,  multiple  punches,  multiple  drills,  shears,  slotters,  pipe  machines^ 
drill  presses,  and  other  special  tools  are  almost  invariably  driven  by  direct  connected 
motors. 

Precision  lathes,  as  well  as  speed  lathes,  engine  lathes  of  the  smaller  sizes,  drill 
presses,  milling  machines,  slotters,  shapers,  turret  lathes,  forging  presses,  grinders, 
polishers,  chucldng  machines,  rotary  shears,  and  screw  machines  are  only  a  few  of 
the  great  number  of  tools  used  in  shops  of  moderate  size,    Hydraulic  pumps  for  oper- 
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ating  the  heavy  presBes  used  in  ingot  forging  in  the  burge  plants  aze  also  direct  con- 
nected to  motcm. 

The  tendency  in  machine  shop  practice  is  to  use  direct  cuirent  motors  lor  adjustable 
speed  and  alternating  current  for  constant  speed  as  a  general  rule,  and  to  wind  as  may 
be  necessary,  according  to  the  speed  requirements  of  the  individual  machine  driven. 
Some  of  these  machines  require  a  very  high  starting  torque  and  have  conparatively 
dight  storage  of  energy  provided  in  flywheds.  Others,  such  as  shears,  have  con- 
fliderable  flywheel  capacity.  One  of  the  most  apparent  tendencies  in  machine  shop 
practice  is  the  adoption  of  some  type  of  electric  motor  in  place  of  belt  transmission. 
This  has  transformed  the  machine  shop  into  a  modem,  light,  airy  buildiog,  instead 
of  a  dark,  gloomy  aisle  of  whirling  belts. 

MBAT  PACKINO. 

Abattoirs  and  packing  houses  generally  have  installed  motor-driven  refrigerating 
equipments.  It  is  found  that  the  cooling  effect  of  the  1  ton  of  refrigeration  per  24 
hours  is  sufficient  to  cool  freshly  killed  meats  from  animal  to  keeping  temperature 
for  from  5  to  7  beeves  weighing  700  pounds  each,  from  15  to  24  hogs  wei^iing  260 
pounds  each,  from  46  to  55  calves  weighing  90  pounds  each,  and  from  66  to  70  sheep 
weighing  75  pounds  each. 

Moto^driven  hoists  for  nosing  and  lowering  the  caitasses  during  the  process 
drsHingand  motor  drive  for  conveyon  which  trunport  them  are  generally  in  use,  as 
well  as  for  scnq;MfB  and  washen;  bog  casing  marhinsi,  bone  saws,  laid  and  oil  presses^ 
haahowandthelike.  The  by-product  of  industries  of  this  cfaaiacter  are  in  many  cases 
d  equal  or  greater  importance  than  the  packing  itself,  and  are  responsible  for  the 
application  of  motor  drive  to  box  making  machinery,  laid  rolls,  oleomargazine  ma- 
efainery,  especially  agitatorst  presses,  vacuum  sealers  and  pumps,  tin  can  making 
machinery,  lithopoaph  and  label  presses  and  dryen,  vamisheis  and  labeling  and 
soldering  machinery  generally.  The  manufacture  dsoi^powden  and  curled  hair  also 
present  many  instances  of  the  implication  of  electric  motofs  to  washing  and  cleaning 
nachinesy  dyers,  bleacheiB  and  mixen.  The  spinning  machines  which  twist  this  hair 
into  a  thick  rope  prepaiatory  to  storage,  openets,  caAien  and  pickers,  as  well  as  the 
blowers  used  for  transporting  the  loose  hair,  are  all  electrically  driven.  In  the  manu- 
facture of  soap  powders,  ground  pundce  sUme  and  cleaning  pastes,  the  drying  drums, 
mixers,  can  fillers,  and  other  machines  are  direct  motor  driveiu  Pumice  stone  is 
ground  by  heavy  mills  of  much  the  same  character  as  those  used  in  susar  and  cement 
grinding^  The  box  fiMrtories  which-  most  meat  pacldng  establishments  operate  to 
provide  boxes  kit  the  shipping  of  by-products  are  practically  all  electrciall  y  operated . 
Wood  working  machines  generally,  as  used  in  the  constructian  and  repair  of  private 
cars  and  refrigerator  cars  (used  for  the  transportation  ol  meat  products)  are  motor 
driveiu  Ventilating  and  glue  plants  are  also  electrically  driven,  though  the  number 
and  variety  of  motor  applications  are  so  great  that  it  is  impracticable  to  give  them  here. 

MININO. 

The  application|of  electric  power  to  mming  work  has  one  of  its  greatest  advantages 
in  the  fact  that  that  individual  machinery  can  be  placed  at  suchjpoints  as  may  be 
desired.  Deep  shaft  sinking,  and  the  unwatering  of  deep  shafts  alter  they  have  been 
lost  would  be  extremely  difficult  without  the  modem  electrically  driven  multiple 
stage  pump,  TheBidlity  with  which  the  mine  product  may  be  transported  through 
the  drifts  to  the  shafts  or  gangways  and  raised  to  the  surface  is  apparent.  Electric 
power  also  makes  it  possible  to  operate  electric  motors  in  crosscuts  and  stones.  and» 
of  course,  effects  a  considerable  reduction  over  animal  haulage  inlthe  cost  of  bringing 
the  material  to  the  surftK». 

In  Central  and  South  American  electric  drive  has^een  aj^lied  to  a  considerable 
extent;  to  gdd,  silver,  copper  and  lead  mines  in  Mexico;  to  gold  and  silver  in  Central 
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Ameijca;  iron  ore  in  Brazil,  and  copper  and  iron  oree  and  nitratee  on  the  west  coast  of 
South  America. 

The  Bethlehem  Steel  Co.  has  recently  opened  large  iron  ore  deposits  in  Chile, 
using  electric  power  to  a  considerable  extent,  and  the  largest  copper  interests  in  South 
America,  those  of  the  Cerro  de  Pasco  Mining  Co.,  of  Peru,  use  electric  power  to  a  con- 
siderable extent  in  their  mines,  smelters,  and  railroads.  The  Chile  Exploration  Co. 
has  a  turbo-generating  station  at  sea  level  with  oil-burning  boilers  and  transmission 
lines  to  its  mines  and  smelters.  The  Braydon  Copper  Co.  has  an  8,000  kilowatt  hydro- 
electric generating  station  and  a  33,000  volt,  25-mile  transmission  line  for  supplying 
its  mines  and  smelters. 

In  the  oil  flotation  process,  oil  is  introduced  into  a  pulpy  mixture,  and  the  contained 
metals  raised  by  means  of  a  surface  Im  of  oil,  carrying  the  minute  metallic  particles, 
the  same  being  taken  off  with  the  froth  at  regular  intervals.  In  the  old  method 
cells  were  usually  arranged  in  tiers,  and  required  considerable  shafting  for  the  opera- 
tion of  the  agitating  devices,  until  the  adoption  of  electric  motors  of  the  vertical  type 
mounted  directly  on  individual  tanks,  the  paddles  or  agitatcns  being  suspended  from 
a  shaft  extension  of  the  motor.  In  the  dedlverisation  of  base  lead  bulUon  agitation  of 
the  molten  metals  is  carried  oa  in  analogous  manner  by  an  electric  motor  mounted  on 
the  cover  of  the  kettle  driving  an  agitata. 

Electromagnetic  and  electrostatic  separation  have  been  used  commercially  for  tiie 
milling  of  special  irons  and  rinc  ores.  In  such  processes  differmt  c<»stituentB  of 
value  in  the  ore  can  be  separated  from  the  tailings. 

In  the  api^icati(m  of  ^ectric  power  to  coal  mining,  a  number  of  tests  Aew  as  low 
as  1.22  kilowatt  hours,  and  as  high  ae  8.5  kilowatt  hours  per  ton  ei  coal  mined  under 
varying  conditi<»is.  In  some  cases  both  steam  and  electricity  are  used  lor  power,  and 
in  some  rope  haulage  with  steam  engines  are  used. 

MiNB  No.  3.— tSZojx. 


Capacity,  35,000  tons  per  month: 
One  lO-horsepower  fan. 
Two"  20  horse-power  fans. 
One  20-horsepower  pump. 
One  2i-horBepower  pump. 
Three  lO-horsepower  pumps. 
Pour  25-horBepower  cutting  machines. 


Output,  15,000  tons  per  month: 

One  SO-horsepower  cutting  machine. 
One  7^horsepower  hoiBt. 
One  S-hcM'sepower  air  compressor. 
One  5-horBepower  shop  motor. 
Two  80-hor8epower  locomotives. 
Two  SO-horsepower  locomotives. 


Total,  107^  horsepower  continuous  rating,  250  haraepower  intermittent  ratings 
maTJmum  demand,  230  hoiMpower,  1.22  Idlowatt-hour  per  ton  of  coal  miiied. 

Combined  mining  and  coking  plant  No.  6. 

Seventy-five  ovens,  capacity  5,000  tons  per  month: 

One  100-kilowatt  motor-generator  set. 

One  lOO-horsepower  alternating-current  fan  motor. 

One  15-hor8epower  direct-current  pump  motor. 

One  25-horsepower  direct-current  coke  conveyor  and  loader. 

One  5-horsepower  direct-current  leveler  rake. 

One  25-hor8epower  direct-current  leveler  ram. 

One  40-horaepower  direct-current  coke  pusher. 

Two  35-hor8epower  direct-current  locomotive  motors. 

One  25-h(H«epower  direct-current  larry. 

Seven  months'  operation  34,000  tons  of  coke,  110,000  kilowatt-hour,  or  3.2  kilowatt 
hours  per  ton  of  coke  produced. 

In  coal  mining  the  ability  to  use  current  from  the  same  line  for  operatlDg  coal  cut- 
ters, drills,  ventilating  fans,  and  larries,  as  well  as  for  the  ordinary  electric  locomotive 
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and  the  gathering  locomotive  sometimes  used  in  long  wall  mines,  as  a  general  rule 
determines  the  adoption  of  the  type  of  motor  used.  In  some  mines,  in  fact  in  most 
deep  mines,  the  winding  engine  operated  by  electric  motor  has  decided  advantages, 
not  only  from  the  ease  of  control,  but  also  from  the  (sict  that  a  regenerative  braking 
effect  may  be  obtained  in  lowering,  by  means  of  which  an  app^tx^lable  amoimt  of 
current  may  be  fed  back  into  the  system.  Permanent  capstans  or  haulage  drums 
may  be  installed  at  points  underground  where  locomotives  would  not  ordinarily  be 
applicable  on  account  of  differences  of  level;  even  conveyor  belts  or  buckets  are 
sometimes  used.  Most  deep,  water-bearing  mines  have  pumping  stations  installed 
at  different  points  imderground.  These  are  almost  invariably  operated  by  electric 
motor.    The  disadvantage  of  the  exhaust  steam  in  such  cramped  quarters  is  apparent. 

The  induction  motor  is  especially  desirable  for  sinking  pimips  on  account  of  the 
liability  of  the  motor  to  become  submerged,  but  direct  current  is  usually  used  in  mine 
work  on  account  of  the  large  number  of  motors  using  the  railroad  type  of  control.  A 
side  issue,  which  is  not  properly  mining,  but  constitutes  the  recovery  of  culm  from 
the  old  slack  piles  in  the  coal  districts,  utilizes  direct-connected  motors  for  driving 
locomotive  cranes  equipped  with  drag  scrapers.  Particular  attention  is  being  paid 
at  this  time  to  the  recovery  of  this  former  waste  material,  and  it  is  now  being  washed 
and  placed  upon  the  market  at  a  profit.  The  washeries  for  handling  this  material  are 
usually  operated  by  motors  fed  from  the  transmission  line  of  the  operating  companies, 
inasmuch  as  most  mines  and  washeries  of  any  importance  have  at  present  their  own 
g^ierating  station. 

Some  metal  mines  depend  almost  entirely  upon  electric  power  for  their  produc- 
tion. Current  is  used,  not  only  in  the  hoisting  and  cnishing  operations,  in  which  the 
motors  are  usually  direct  connected  to  the  hoist  and  belted  to  the  crushers,  but  motor 
drive  is  also  used  for  many  of  the  ore-dressing  processes.  Sizers,  separators,  cam- 
pressors,  ore  conveyors,  and  ventilating  fans  are  electrically  driven.  The  present 
tendency  is  toward  the  adoption  of  alternating  current  for  such  work,  although  direct 
current  is  still  largely  used  and  is  absolutely  requisite  for  several  of  the  operations 
carried  on. 

In  mine  hoisting  the  liability  of  overwinding  with  the  ordinary  mechanical  equip- 
ment is  almost  entirely  eliminated  by  using  direct  connected  electric  hoists  arranged 
in  such  manner  that  the  circuit  is  broken  and  the  brakes  applied  the  moment  the  cage 
passes  its  proper  landing  stage. 

In  gold  dredging  the  source  of  current  is  either  a  generating  plant,  forming  a  part  of 
the  installation  upon  the  dredge,  which  is  the  more  usual  method,  or  connection  with 
the  transnussicA  line  fed  from  a  hydrodectric  plant.  Ladder  dredges,  as  well  as  the 
ordinary  suction  dredge,  are  operated  electrically  and  the  heavy  starting  torque 
required  in  commencing  operations  with  either  a  revolving  cutter  or  bucket  line  has 
caused  the  adoption  of  special  motors  to  a  considerable  extent.  The  conditions  are 
such  that  the  ordinary  motor  for  intermittent  service  can  not  well  be  applied  to  this 
work.  Motors  are  used  for  driving  winches,  shakers,  and  screens,  as  well  as  the  pumps, 
cutters,  jigs,  buddies,  and  ladder  chains  used  in  the  operation  of  dredging;  where  con* 
centrating  tables  are  installed  upon  the  dredge  they  are  also  driven  by  motor.  The 
conveyors  and  tailings  stackers  are  also  motor  driven. 

OIL  WELLS. 

The  pumping  and  even  the  drilling  of  wells  for  oil  and  natural  gas  present  a  little 
known  illustration  of  the  application  of  electric  power.  The  pumping  of  wells  which 
have  ceased  to  gush  can  naturally  be  well  performed  by  direct  motor-driven  pumps 
operating  from  transmission  lines  or  individual  circuits  running  from  the  local  cen- 
tral station .  The  periodical  necessity  for  cleaning  out  most  of  these  wells  requires  that 
the  rig  used  in  drilling  be  left  in  position  for  handling  the  rods,  tubing,  and  bailer,  and 
it  is  sometimes  necessary  to  use  drilling  tools  a  short  time  to  loosen  the  compacted 
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material  in  order  that  it  may  be  removed  by  bailing.  Single  speed  and  two-speed 
induction  motors  are  used  for  this  work.  In  most  oil  fields,  x)articularly  in  CaUfomia, 
the  necessity  for  variable  pumping  speeds  is  marked  on  account  of  the  variation  in  the 
flow  of  oil,  and  in  the  amount  of  sand  accompanying  it,  also  in  the  amount  of  gas  or 
water  in  the  oil,  the  viscosity  of  the  fluid,  and  the  condition  of  the  pimip.  It  is  also 
desirable  to  shake  up  the  well,  which  is  substantially  the  operation  of  the  walking 
beam,  at  a  high  speed  for  a  few  moments,  in  order  that  the  sand  may  be  dislodged  tnm. 
the  pump  valves,  which  it  has  a  tendency  to  clog  up.  The  great  variation  in  the 
flow  of  wells  and  even  in  the  flow  of  the  individual  well  at  different  times  is  well 
illustrated  in  the  accompanying  table  of  power  required  for  pimiping  213  oil  wells  in 
California. 


Bvrds 
perweU 
per  day. 

Depth  or 

Kilowatt- 

hours  per 

well  per 

day. 

KUowatt- 

hoursper 

ban^ 

pumped. 

Maximum 

290 

10 

122 

8,110 

900 

1,430 

128.4 

27.7 
80.8 

S.843 

■1  *Ti  *in  I11H , , . . 

.414 

Average 

.088 

The  method  of  drilling  oil  and  gas  wells  by  the  cable-tool  or  rotary  process,  or  a 
combination  of  the  two,  is  well  known,  but  the  fact  that  electric  power  has  been 
applied  in  the  operation  of  drilling  plants  is  not  a  matter  of  such  general  knowledge. . 
The  cable-drilling  tools  are  suspended  from  a  walking  beam  by  a  steel  wire  or  manila 
rope;  practice  varies  with  drilling  conditions  as  regarding  the  kind  of  rope  used,  but 
it  is  customary  in  localities  where  steel-wire  rope  is  used  to  drill  the  first  few  hundred 
feet  of  a  well  with  manila  rope  before  changing  to  steel  wire.  The  reciprocating 
motion  of  the  walking  beam  attached  to  the  drill  by  means  of  the  cable  constitutes 
the  essential  portion  of  the  drilling  process.  Borings  aie  mixed  with  water  in  the  hole 
and  are  removed  by  the  bailer.  In  rotary  drilling  a  rotating  columns  of  pipe  has 
mounted  upon  its  lower  extremity  a  cutting  bit  which  is  lowered  into  the  well  and 
operated  in  much  the  same  manner  as  in  diamond  drilling.  The  drillings  are  washed 
out  of  the  hole  by  forcing  muddy  water  or  thin  mud  through  the  pipe.  This  florws  up 
on  the  outside  bringing  the  drillings  to  the  surface,  filling  up  the  interstices  in  the  soil 
or  rock  through  which  the  well  is  drilled.  The  power  required  for  drilling  is  not  only 
dependent  upon  the  diiOkulty  with  which  the  ground  is  penetrated,  but  also  upon 
the  amount  of  trouble  experienced  in  handling  casing  and  in  fishing  Ua  lost  tools  and 
is  therefore  extremely  variable,  but  some  representative  figures  can  be  given. 

The  cost  of  electric  power  for  pumping  wells  on  several  properties  in  the  California 
oil  field?,  which  properties  compriae  197  wells  varying  from  750  to  2,700  feet  in  depth, 
varied  from  $0.65  to  $1.21  per  day,  with  current  at  10.01  and  $0,015  per  kilowatt  hour, 
and  the  average  cost  of  pumping  8  wells,  depth  1,000  to  2,800  feet,  amounted  to  $5.41 
per  day  by  steam  power,  but  by  changing  to  electric  power  the  average  cost  was  cut 
to  $3.49  per  day. 

Twelve  wells  having  an  average  depth  of  1,100  feet  pumping  oil  of  15.5®  B.  show 
a  saving  by  electricity  over  steam  of  $1 .24  per  well  per  day,  and  107  others  pumping 
oil  at  13.5**  B.  from  an  average  depth  of  800  feet  show  a  saving  by  electricity  over 
steam  of  $1.32  per  well  per  day. 

The  cost  of  electric  power  for  drilling  in  California  oil  fields,  with  a  i)ower  rate  of 
1.6  cents  per  kilowatt  hoiu*,  is,  for  the  depths  of  735  feet,  $0.1074  per  foot  drilled;  for 
1,493  feet,  $0.1025;  945  feet,  $0.0915;  1,356  feet,  $0.1060;  824  feet,  $0.0570;  732  feet, 
$0.1040;  and  for  1,175,  $0.0848.  Electric  power  does  away  with  much  of  the  danger 
from  fire  which  is  present  when  a  steam  boiler  is  kept  in  operation  in  close  proximity 
to  the  well,  and  thus  reduces  the  insurance  rates.  Where  water  is  scarce  the  motor 
also  has  the  advantage  of  not  requiring  water  for  the  generation  of  its  power;  the  con- 
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dition  of  the  well  may  also  be  determined,  for  the  measuring  instruments  indicate 
slight  differences  in  power  requirements  and  thus  give  warning  of  unusual  conditions 
affecting  the  work. 

BLBCTR08TATIC  PRXCIPrrATION. 

The  application  of  the  principles  of  electrostatic  precipitation  to  the  removal  of 
the  gaseous  and  vaporous  constituents  of  trade  waste  is  of  recent  date,  but  has  already 
ahown  its  commercial  practicability  by  the  recovery  of  a  profit  from  the  precipitated 
natter,  as  well  as  having  laigely  solved  the  fume  nuisance  from  smelters. 

The  suspended  particles  of  solids  or  liquids  which  compose  the  cloud  of  fume  may 
be  removed  mechanically,  irrespective  of  their  fineness;  but  electrostatic  predpi- 
tetion,  while  not  by  any  means  a  new  idea,  has  not  been  generally  applied  until 
within  this  decade.  The  essential  principle  of  operation  is  that  of  chaiging  suspended 
pmrticles  in  such  manner  that  they  accumulate  into  laiger  masses,  which  consequently 
settle  more  rapidly  under  the  influence  of  gravity.  Alt^nating  fields  set  up  in  space 
cause  siidi  a  grouping  of  mist  and  vapor  in  conditions  of  foggy  atmospheres,  and  these 
then  settle  with  increased  rapidity.  Alternating  current  is  also  applied  in  certain 
oil  districts  for  separating  emulsified  water  from  crude  oil  in  the  same  manner.  It 
may  be  used  to  advantage  where  the  gases  to  be  treated  are  still,  but  in  mo\'ing  gases, 
euch  as  smelter  fumes,  the  process  is  not  rapid  enough  to  permit  of  settling  with  suffi- 
cient rapidity.  For  these  direct  current  at  high  potential  is  required.  TbL«?  is  ob- 
tained by  the  rectification,  through  mechanical  commutation  or  by  means  of  a 
rectifying  medium,  such  as  Vibard  or  Cooper-Hewitt  tubes  which  permit  of  the  pas- 
wage  of  current  in  only  one  direction,  of  high  potential  alternating  current.  Fine 
point?  connected  to  one  side  of  the  high  potential  direct-current  line,  opposite  a  flat 
plate  connected  to  the  other  side,  cause  the  air  space  between  to  be  highly  charged 
with  electricity  of  the  same  sign  as  the  point.  Any  insulated  body  in  this  space 
instantly  receives  a  charge  of  the  same  sign,  and  if  it  is  free  to  move,  as  in  the  case  of 
the  flowing  particles,  it  is  attracted  to  the  oppositely  chaiged  plate.  The  higher  the 
charge,  the  greater  the  rapidity  with  which  it  seeks  such  plate.  In  commercial 
applications  it  is  found  that  fine  filaments  of  asbestos  or  scales  of  mica  supply  the  best 
discharge  points  or  edges  on  account  of  the  excessive  fineness  required,  though  simple 
metallic  bars,  fine  strips,  and  the  like,  can  be  used,  inasmuch  as  the  process  is  based 
on  the  phenomenon  of  so-caUed  corona  losses. 

A  commercial  plant  which  has  been  in  operation  for  seven  years  at  a  cost  for  labor, 
attendance,  and  repairs  of  less  than  $20  per  month,  carries  something  over  10,000  cubic 
feet  of  gas  per  minute.  This  gas  consists  of  sulphur  dioxide  and  dense  white  clouds 
of  sulphuric  acid,  arsenic,  and  lead  salts,  together  with  the  mist  of  sulphuric  add  formed 
by  boiling  the  latter  in  the  parting  of  silver  and  gold.  The  mica  scales  hereinbefore 
referred  to  were  found  to  be  the  best  discharging  material  for  this  purpose.  The 
power  consumption  amounts  to  about  2  kilowatts  and  the  current  was  taken  from  the 
|K>wer  drcuit  of  the  plant  at  460  volts,  60  cycles,  and  transformed  up  to  17,000  volts, 
direct  current,  through  a  synchronous  contact  maker  or  rectifier.  The  recovery  ol 
dilute  sulphuric  add  (about  40^  B.)  amounted  at  full  capadty  to  over  2  gallons  a 
minute,  and  while  the  plant  was  making  enough  blue  stone  to  utilize  all  the  weak 
add  recovered,  the  saving  on  the  purchase  of  the  latter  paid  for  the  entire  cost  of 
operating  five  times  over. 

The  foregoing  plant  has  been  in  operation  long  enough  to  give  an  idea  of  what  can 
be  done  by  such  process,  and  many  larger  plants,  smelters,  and  cement  nulls  have 
been  equipped  with  equipments  for  such  work.  In  one  case,  a  plant  giving  from 
one-quarter  to  one-half  a  million  cubic  feet  of  gas  per  minute,  having  a  mean  linear 
velodty  of  from  10  to  20  feet  per  second,  had  an  equipment  in  continuous  operation 
from  September,  1910,  until  July  24,  1911.  This  plant  showed  a  predpitation  of 
between  80  and  90  per  cent  of  the  suspended  matter  in  the  gas,  some  6  to  8  tons  per 
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24  hours.  The  equipment  cost  a  little  less  than  $110,000,  and  the  total  average  power 
consumption  was  120  kilowatts. 

The  dust  nuisance  in  the  manufacture  of  artificial  cement  has  been  largely  obviated 
by  this  means  in  one  plant  where  the  cost  of  installation  was  somewhat  less  than 
$200,000.  The  installation  required  but  one  operator,  and  the  power  consumption, 
including  generator,  motor,  and  transformer,  is  35  kilowatts. 

The  apparatus  was  installed  purely  to  overcome  the  dust  nuisance  and  was  not 
expected  to  retiun  any  values,  but  it  is  found  that  tlie  small  percentage  of  potash 
which  is  condensed  and  caught  in  soluble  form  in  the  dust  is  a  fertilizing  agent  which 
finds  a  ready  market  at  almost  as  high  a  price  as  the  finished  cement.  This  particular 
plant  pays  a  handsome  return  on  the  large  investment  required  and  it  has  be^ii  in 
operation  upon  this  profitable  basis  since  January  8,  1913.  Another  unit  of  similar 
character  is  about  to  come  into  service  east  of  the  Mississippi,  and  previous  to  the 
European  war  another  was  under  construction  in  Europe. 

PAPER  MILLS. 

Accurate  speed  control  is  of  the  utmost  importance  in  paper  manufacture,  and  an 
advantage  from  the  generating  standpoint  is,  that  in  a  paper  mill  there  is  an  almost 
perfect  load  factor,  an  important  item  in  obtaining  and  maintaining  a  low-power  cost. 
A  modem  paper  mill,  with  an  assumed  tonnage  of  200  per  day  of  24  hours,  continuous 
operation,  requires  the  following  main  machinery:  The  pulp  grinders,  which  are 
now  automatically  fed,  and  usually  connected  in  parrs  to  one  motor  of  as  hig^  as  1,200 
horse-power.  These  are  of  slow  speed  and  frequently  of  generator  voltage.  The 
grinders  form  practically  a  constant  load  and  are  operated  continuously  for  24  hours. 

Next  to  the  pulp  itself  the  most  important  element  in  paper-mill  practice  is  large 
quantities  of  water  imder  about  40  to  50  pounds  pressure.  With  electric  drive  indi- 
vidual pumps  can  be  placed  in  separate  departments,  and  should  an  interruption 
occur  only  that  one  department  will  suffer  by  the  shutdown.  For  a  plant  capacity 
of  200  tons,  as  much  as  12,000,000  gallons  of  water  would  be  required  in  24  hours, 
requiring  approximately  400  to  600  horsepower. 

The  paper  machines  themselves  are  usually  driven  by  three  motors  of  a  combined 
horsepower  of  200.  These  machines  require  accurate  speed  control,  and  although  the 
slight  variations  still  have  to  be  done  mechanically,  there  is  a  great  advantage  in  the 
constant  motor  speed  compared  with  the  direct  drive  of  a  water  wheel.  Jordans, 
which  are  machines  for  further  fine  grinding  of  the  pulp,  requires  a  250-horsepower 
motor  each,  and  the  beaters,  which  mix  the  pulp  with  different  ingredients,  and  at 
the  same  time  further  mix  and  grind  the  sulphite  with  the  raw  pulp,  require  a  100- 
horsepower  motor  for  each  pair  of  machines.  There  are  frequently  as  many  as  20  of 
these. 

The  total  power  load  of  a  mill  having  this  capacity  amounts  to  approximately 
20,000  horsepower,  and  to  this  must  be  further  added  approximately  5,000  boiler 
horsepower,  of  which  it  is  considered  that  electricity  can  replace  at  least  3,000  horse- 
power. 

Steam  in  the  present  mills  is  required  chiefly  for  two  purposes:  First,  in  the  dry- 
ing rolls  of  the  paper  machines;  and  second,  in  the  sulphite  digesters.  The  paper 
machines  utilize  about  3,000  horsepower.  A  part  of  these  machines,  consisting  of  28 
drying  rolls  from  12  to  14  feet  long,  and  about  4  feet  in  diameter,  has  live  steam  fed 
into  these  rolls.  In  applying  electricity  to  this  work,  it  would  be  sufficient  to  intro- 
duce heating  elements  inside  of  the  rolls,  so  as  to  tarm  what  would  be  in  principle 
the  same  as  an  electric  fiatiron. 

A  plant  which  manufactures  various  grades  of  paper,  such  as  writing  paper,  kodak 
and  fancy  book  covers,  has  installed  a  total  of  499^  horsepower  in  squirrel  cage  induc- 
tion motors,  having  a  maximum  demand  of  450  horsepower.    A  total  of  1,000  horse- 
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power  in  water  wheels  is  installed,  500  horsepower  of  which  ia  used  to  drive  two  200- 
kilowatt  generators,  which  in  connection  with  the  central  station  power,  supply 
the  connected  motor  load.    The  supply  source  is  ^phase,  440- volts,  60-cycle8. 

The  machinery  operated  consists  of  a  rag  cutter  and'  washer,  a  beater  and  a  Jordan, 
the  latter  of  which  is  direct  connected  and  the  former  driven  by  belts  or  through 
Morse  chain. 

A  coating  mill  in  which  various  grades  of  paper  and  board  are  coated  to  be  used 
for  cartons,  raUway  folders,  lithographic  work,  and  postal  cards,  uses  an  aggregate 
of  200  horsepower  in  induction  mot(»«,  driving  (through  shafting)  clay  tanks,  color 
mixers,  glue  machines,  slitters,  rewinders,  cutters,  platers,  engine  lathes,  drills,  and 
emery  wheels.  In  this  plant  one  supercalender  is  geared  and  another  is  belted  to 
its  individual  motor. 

In  general,  electric  drive  may  be  applied  to  Jordans,  hogs,  grinders,  beaters,  pulp 
grinders,  rag  cutters,  thrashers,  dusters,  washers,  supercalenders,  chippers,  screens, 
stock  pumps,  agitators,  filters,  wood  conveyors,  sulphite  pimips,  and  otiier  machinery 
used  in  this  industry. 

PURinOATION   OF  AIR   AND   WATEB   (OZONE). 

The  principal  applications  of  ozone  are  to  the  purification  of  water  and  to  the 
elimination  of  odors  and  deleterious  matter  in  vitiated  air.  The  purification  of 
potable  water  constitutes  the  most  important  application  of  ozone,  in  point  of  mag- 
nitude, up  to  the  present  time.  The  advantages  of  the  method  are  the  nonpoisonous 
nature  of  the  reagent;  its  insolubility  which  insures  against  an  excess  remaining  in 
the  water;  and  the  fact  that  besides  rendering  the  water  sterile,  it  removes  all  taste 
and  odor  which  might  be  due  to  organic  defilement.  The  commercial  production  of 
ozone  for  theee  purposes  is  practically  restricted  to  the  electrostatic  method,  although 
ozone,  as  used  for  bleaching  purposed,  has  been  produced  by  chemical  action.  Ozone 
depends  for  its  action  upon  its  powerful  oxidizing  properties  at  temperatures  con- 
siderably below  those  at  which  most  substances  are  capable  of  combining  with  ordi- 
nary oxygen.  The  dangerous  character  of  polluted  waters  rarely  is  directly  attribu- 
table to  the  organic  matter  in  solution,  but  to  the  bacteria  which  exist  therein  because 
of  the  presence  of  this  matter. 

In  the  ozonization  of  water  a  large  proportion  of  the  organic  matter  is  removed  in 
bulk  by  filtering  befcM'e  ozone  is  applied .  The  latter  is  then  used  to  eliminate  the  bac- 
teria, odor,  taste,  and  color,  though  it  leaves  the  mineral  contents  of  the  water  intact, 
except  where  it  consists  of  soluble  metallic  salts,  such  as  salts  of  iron  and  manganese. 
The  water  to  be  purified  is  strongly  agitated  and  the  ozone  is  introduced  into  it  under 
pressure,  destroying  all  organic  matter.  For  most  industrial  purposes  the  concen- 
tration should  be  in  the  neighborhood  of  from  1  to  3  grams  per  cubic  meter  of  air, 
although  in  some  special  cases  it  may  be  as  high  as  5  grams.  It  is  rarely  found  expe- 
dient to  operate  at  greater  concentrations.  The  average  yield  is  about  50  grams  per 
kilowatt-hour,  and  although  much  higher  yields  are  claimed  from  time  to  time  for 
certain  types  of  generators,  these  have  not  been  attained  in  commercial  operation. 

The  cost  of  water  purification  by  ozone  is  given  by  Erlwin  as  ranging  from  about 
16.75  to  $7.50  per  million  gallons,  which  includes  all  expenses,  interest,  depreciation, 
and  maintenance;  the  amount  of  the  ozone  used  varies  from  2  grams  to  15  grams 
per  thousand  gaHona. 

Ozone  as  a  ventilating  agent  is  used  for  destroying  the  odors  of  common  food  mate- 
rials, such  as  onions,  garlic,  limbiu^er  cheese;  the  odors  of  putrefaction,  decayed  raw 
food  materials,  fish,  eggs,  meat,  and  several  different  chemical  compounds  of  the 
Bkatol  and  other  obnoxious  types.  So  far  as  is  actually  known,  the  value  of  ozone  in 
ventilation  is  not  due  to  conveying  a  beneficial  effect  upon  the  human  anatomy  but 
to  the  circumstance  that  it  destroys  much  that  is  objectionable  or  harmful  in  foul  air. 
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The  air  is  not  better  because  it  contains  ozone,  but  because  the  presence  of  osone 
signifies  the  absence  of  such  organic  effluvia.  It  gives  a  ''tang "  to  vitiated  air  which 
renders  it  comparable  to  that  in  the  most  favored  natural  localities. 

RUBBER  MILLS. 

In  the  manipulation  of  crude  rubber  and  the  manufacture  of  articles  from  soft  or 
vulcanised  rubber  the  electric  motor  has  been  applied  to  driving  the  machinery  in 
the  various  processes.  The  gum  rubber  is  received  in  the  form  of  folded  sheets  at 
biscuits  which  are  cut  up  and  softened  in  a  bath  of  warm  water  and  fed  into  a  mill 
consisting  of  two  or  three  riolls  between  which  the  rubber  passes,  being  torn  apart 
and  rolled  out  into  a  rough  sheet.  Water  is  forced  through  the  material  during  its 
progress  through  the  rolls  to  wash  out  part  of  the  dirt.  The  load  is  very  irregular  and 
requires  an  average  of  30  horsepower  with  peaks  of  100  horsepower.  The  material 
is  then  washed  again  and  rolled  out  into  another  sheet  called  crepe,  which  is  dried 
and  masticated  and  mixed  with  the  required  material  to  form  the  product  desired. 
The  mastication  of  the  dried  crepe  is  done  in  order  that  the  material  may  be  broufi^t 
into  a  plastic  state  before  the  addition  of  other  materials,  and  this  addition  is  a  part 
of  the  manufacture  of  all  materials  having  a  rubber  base,  inasmuch  as  pure  rubber  is 
never  used  without  the  addition  of  some  other  substance;  the  masticated  raw  material 
must  be  thoroughly  warmed  and  worked  before  the  additions  are  made.  After  the 
compound  is  mixed  it  is  passed  through  a  refining  mill,  which  produces  a  sheet  which 
sticks  to  the  rolls  and  is  scraped  off  and  bundled.  It  is  then  usually  seasoned  for  a 
certain  interval,  warmed  and  fed  to  the  calender,  which  consists  of  steam-heated  rolls 
adapted  to  produce  sheets  of  uniform  character.  Calendering  is  used  for  practically 
all  rubber  articles  which  do  not  have  to  be  molded,  and  a  delicate  speed  gradation 
is  necessary  in  order  that  the  maximum  output  may  be  obtained.  The  process  of 
forcing  the  soft  rubber  compound  into  a  mesh  of  cotton  fabric, which  is  termed  fric- 
tioning,  requires  a  soft  and  plastic  compound,  and  the  rolls  of  tiie  calenders  are  oper« 
ated  at  different  speeds  for  this  purpose.  They  require  accurate  control  over  a  range 
of  from  4  to  1,  and  direct-current  motors  are  therefore  most  generally  iq;>plied  to  the 
operation  of  these  machines,  together  with  generators  of  different  voltages,  or  booster 
fets  or  compensators. 

The  material  which  is  to  be  molded  or  produced  in  tubes  need  not  be  calendered, 
but  is  forced  through  meshes  somewhat  like  the  strainers,  except  that  a  disk  is  used 
instead  of  a  screen,  and  the  compound  is  delivered  in  the  form  of  a  tube.  Electric 
motors  with  both  direct  and  indirect  connection  are  used  for  drying,  washers,  sheeten, 
mixers,  and  refining  mills,  wanning  mills,  and  calenders.  Some  of  these  machines, 
particularly  the  calenders,  require  reversing  feature  in  addition  to  the  delicate  q>eed 
control  referred  to,  and  with  the  exception  of  these  machines  and  the  tubers,  alter- 
nating current  is  generally  used,  with  inductbn  motors  for  individual  drive. 

8HOB  FAOTOBIBS. 

The  manufacture  of  shoes  presents  one  of  the  most  important  applications  of  machine 
methods  to  industry.  Practically  all  shoe-making  operations,  even  in  small  plants, 
are  carried  on  by  machines,  many  of  these  machines  being  electrically  driven.  The 
electric  motor  is  practically  the  only  source  of  power  used  by  the  small  repairman  im 
large  cities  for  the  process  of  heeling  and  otherwise  repairing  dioes,  but  the  iq;>plicatiom 
of  electric  power  is  more  marked  in  the  large  establishments,  which  have  brought  the 
shoemaking  industry  to  such  a  point  that  American  made  shoes  are  called  for  in  many 
of  the  best  European  markets. 

Practically  a  third  of  all  the  power  required  in  shoe  factories  is  used  to  operate 
exhaust  fans  which  remove  the  dust,  chips,  and  shavings  of  leather  from  the  trimmers 
and  grinding  machines.  Sewing  machines  and  stitchers  are  usually  driven  by  small 
motors  through  countershafts  operating  under  the  work  benches,  ^uch  5-harsepower 
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motor  driving  a  group  of  from  10  to  30  machines,  consbting  of  eyeleting,  button-holing 
machines,  skivers,  and  the  like,  as  well  as  the  ordinary  sewing  machine.  Electrically 
healed  irons  are  used  in  treeing  and  shaping  the  dioe  to  the  last  and  electrically 
heated  embossing  dies  are  also  used.  Machines  for  cutting  uppers  (known  as  clicking 
machines)  are  group  driven  from  10  to  12  machines  operating  from  a  single  5-horsepower 
mot<»r.  Sole  and  heel  cutting  machines,  edge  trimmers,  cleaning  and  polishing 
wheels,  and  buffing  wheels  are  also  operated  by  group  drive,  silent  chain  belts  being 
often  used  for  driving  Individual  machines, 

Many  tanneries  are  installing  electrical  machinery,  and  md&t  of  these  are  operating 
through  countershafts  electrically  driven,  special  machines  being  belted  from  such 
shafts  in  groups.  Most  of  these  machines  are  best  adapted  to  drive  of  this  character  on 
account  of  their  intermittent  power  rquirements;  stacking,  ruling,  and  glazing 
machines  operate  with  a  reciprocating  motion,  and  the  load  is  implied  only  during 
part  of  the  stroke. 

Tanning  requires  the  use  of  considerable  steam  and  hot  water,  and  washing  out  is 
also  carried  on  at  the  same  plants.  Liquor  pumps  for  transferring  tanning  liquor 
from  vat  to  vat,  as  well  as  ordinary  pumps  for  the  circulation  of  water,  flushing  ma- 
chines, tjuining  and  oil  drums,  oiling  machines,  splitters,  and  measuring  machines 
are  operated  by  belted  or  direct-connected  and  back-geared  electric  motors;  setting 
out  machines  and  wash  drums  are  operated  by  electric  motors  through  sUent  chain 
drives.  Hide  reels  and  agitators  in  the  lime  nuxers  are  belted  to  the  motors,  par- 
ticularly when  the  induction  type  is  used  for  operating  lime  mixers  and  rockers  for 
the  tanning  vats. 

8TBEL  MILLS. 

In  the  Iron  and  steel  industries  motor  drive  is  used  from  the  preliminary  operation 
ot  stripping  the  overburden  and  recovering  the  ores  to  the  final  marketing  of  the 
finished  product.  In  mining  and  handling  ores,  electrically  operated  shovels  are 
used  with  both  a.  c.  and  d.  c.  motors.  Electric  locomotive  cranes  with  dipper  attach- 
ment are  also  used  in  this  work  and  electric  locomotives,  larries  and  transport's  are 
used  in  conveying  the  material  to  the  loading  stations.  Where  box  cars  are  used, 
loaders  are  generally  operated  by  direct-current  motors. 

In  unloading  the  ore  from  trains  into  boats  for  transshipment  McMyler  and  other 
types  of  car  dumpers  are  operated  electrically  not  only  for  the  hoisting  but  also  for 
the  reversing  and  filling  operation.  Hulett  unloaders  are  used  in  removing  the  ores 
and  fuel  from  large  caigo  boats,  the  smaller  boats  are  unloaded  by  electrically  oper- 
ated clamshell  and  orange-peel  buckets.  These  are  often  manipulated  from  gantry 
or  other  overhead  bridges  to  which  unloaders  of  the  Hulett  type  are  also  connected 
for  the  ore  storage  operation.  The  material  is  recovered  from  storage  by  gantry 
bridges  and  in  some  cases  by  Dodge  reloaders  similar  to  those  used  on  the  Atlantic 
seaboard  for  handling  coal.  Fuel  is  also  handled  in  much  the  same  manner.  The 
fluxes  are  usually  brought  to  the  blast  furnaces  by  trains  and  unloaded  by  gravity, 
though  the  same  methods  of  handling  are  used  to  some  extent. 

In  the  operation  of  blast  furnaces  electric  hoisting  motors  are  commonly  employed 
and  electric  locomotiveB  may  be  used  for  transferring  the  charge  from  storage  bins 
to  the  blast  furnace  skips.  The  furnace  cones  are  usually  operated  mechanically  or 
hydrauKcally  but  may  be  electrically  operated.  Hot  ladle  cars  are  shifted  by  electric 
motors  and  emptied  when  charging  the  furnaces  with  hot  metal  by  means  of  the  hoist 
motor  on  the  electric  cranes  provided  in  furnace  rooms. 

Blowing  engines  and  blast  fans  are  operated  by  electric  motor  and  the  turning 
gear  for  manipulating  Bessemer  converters  is  also  electrically  driven  at  times.  The 
tilting  mechanism  for  open-hearth  furnaces  is  usually  operated  by  hydraulic  machin- 
ery, but  electric  motors  are  used  for  driving  the  pressure  pumps.  Swinging  cranes 
such  as  are  used  over  the  casting  pits  are  operated  by  hydraulic  machinery,  but 
there  is  no  reason  why  the  electric  motor  should  not  be  applied  to  cranes  of  this  type 
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as  well  as  to  the  overhead  traveling  crane  used  for  the  same  purpose;  the  latter  ia 
almost  invariably  electrically  operated. 

The  successful  application  of  the  electric  motor  to  the  requirements  for  the  opera- 
tion of  roll  trains  and  blooming  mills  is  one  of  its  most  marked  successes.  The  ability 
to  reverse  promptly  under  conditions  of  maximum  speed  required  the  development 
of  motors  of  an  entirely  different  type  from  anything  considered  before  and  the  appli- 
cation to  the  Gary  plant  of  the  United  States  Steel  Ck>rporation  is  a  striking  illustra- 
tion of  the  success  of  this.  Finishing  and  merchant  rolls,  operating  tables  and  roll 
tables,  strai^tening  rolls,  hotbeds,  billet  mills  and  hot  and  cold  saws  are  all  operated 
electrically. 

Furnaces  and  converter  linings  require  renewal  and  most  of  the  refractories  used 
are  produced  in  steel  plants  by  a  separate  department.  In  this  department  clay 
mills,  mixers  and  layers,  rammers,  packers,  and  other  machinery  of  like  character, 
are  driven  by  electric  motors.  Coke  pushers  and  larries  and  coke  extractors  are 
operated  by  electric  motors,  as  are  also  the  quenching  cars  and  hanuner  mills  in  the 
coke  oven  plants  where  fuel  is  provided  for  die  furnaces.  Scale  cars  are  electrically 
operated  in  proportioning  the  furnace  charges  and  the  furnace  doors  in  the  steel 
plant  proper  are  operated  electrically,  and  also,  in  some  cases,  the  coke  oven  doors 
in  the  coke  plant. 

Where  the  blast  furnaces  are  producing  pig  iron,  the  pigs  are  usually  handled  by 
means  of  roll  conveyors  which  operate  at  a  speed  of  600  feet  per  minute  corresponding 
to  a  delivery  speed  of  1 ,200  feet  per  minute .  These  conveyors  are  operated  by  electric 
motor  in  the  same  manner  as  the  well-known  moving  sidewalk.  When  it  is  desired 
to  load  pigs  upon  cars  for  transportation  they  are  usually  picked  up  by  means  of  an 
electromagnet  operated  from  an  electrically  driven  locomotive  crane.  The  same 
cranes  are  also  utilized  for  handling  hot  plates  and  sheets  after  they  come  from  the 
rolls,  as  well  as  steel  rails. 

In  dressing  and  trimming  down  blooming  mills  and  other  rolls,  electrically  driven 
lathes  are  used.  Electric  drive  is  also  largely  used  for  universal  plate,  sheet,  and  bar 
mills.  In  fabricating  plants,  motor  drive  is  adopted  for  almost  every  operation 
performed.  Gold  and  friction  saws,  plate,  angle  and  beam  shears,  straightening  and 
bending  rolls,  multiple  pundies,  drills  and  reamers,  conveyors,  hoists,  compressors, 
and  cranes  are  all  electrically  operated.  Gas  washers  for  plants  where  the  blast- 
furnace gases  are  used  in  the  production  of  power  are  electrically  driven,  and  in 
large  estabtishments  electrically  operated  casting  machines,  especially  for  pig  cast- 
ing, are  used. 

SUGAR  INDUSTRY. 

Sugar  is  produced  from  cane  by  the  process  of  expressing  the  juice,  evaporating 
the  water,  crystallizing  the  sucrose  content,  and  separating  the  sugar  from  the  molasses. 
Sugar  mills  that  are  electrically  operated  use  hoisting  motors  as  unloaders,  the  care 
bearing  the  cane  being  switched  upon  a  tilting  track  section.  Some  of  these  t^ 
sidewise,  being  balanced  about  the  center,  and  require  small  motors.  Others  tip 
endwise  and  the  motor  must  have  sufficient  capacity  to  hoist  half  of  the  total  load. 
From  the  track  hopper  a  conveyor  delivers  the  cane  upon  the  main  carrier,  which 
provides  means  for  feeding  the  crusher  uniformly  through  a  variable  speed  motor 
drive.  The  crushing  rolls  are  corrugated  and  break  up  the  cane  into  short  sections 
and  lay  it  open,  so  that  the  following  rolls  can  force  out  what  juice  remains  in  the  cane. 
About  65  per  cent  of  this  is  extracted  in  the  crushing  roll  itself,  so  that  the  portion 
going  to  the  following  mill  is  largely  fibrous.  The  crushing  rolls  require  variable 
speed  drive  and  an  operator  is  necessary  to  regulate  the  feeding  of  the  following  rolls. 
Variable  speed  motors  of  the  wound  rotor  type  are  used,  but  the  control  is  unsatis- 
factory and  the  frequency  and  voltage  of  the  alternating  circuit  are  therefore  reduced 
by  means  of  altering  the  speed  of  the  prime  mover.    Where  the  pumps  have  also 
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Motors  dri\ing  ammonia  pumps  through  chain  belts  in  farm  ice-muking  plant. 
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Small  concrete  mixer  at  Rochester,  N,  Y.,  gear  driven  by  5-horsei)o\ver  induction  motor  which  replaced  the 
shown,  the  change  in  drive  bolug  effected  by  removing  the  engine  flywheel  and  substituting  a  gear. 
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Coortcajr  of  the  CoopsniiTe  Land  A  Tnut  Co. 

Pumping  plant  at  ICadera,  Cal.    A  10-horsepower,  direct-connected  motor  operates  this  plant, 

for  40  acres  of  alfalfa.  Digitized  by 


Converted  geared  steam  hoist,  driven  by  5(X)-horscpower  pearcd  induction  motor  at  the   1,800-foot  level,  Nourse  mines 

South  Africa. 
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Ten-horsepower  motor  direct  connected  to  5-lnch  cGntrifiigal  irripition  pump. 
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General  view  of  pumping  equipment  of  Payette  (Idaho)  Slope  IrrigatioiL^. 

«— 2«2-8  ' 


>pe  imgatioiyiTe.  t 

Digitized  by  VjOOQIC 


Eight-ton  electric  locomotive,  typo  LS-401-A2,  built  by  the  General  Electric  Co.for  the  Empire  Brick  Co., WalshvUle,N.  Y . 


Using  a  "Burrell"  vacuum  cattle  cleaner. 
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1  rick  machines  and^pug  mill  (lri\en  by  induction  motors,  Boone  Brick,  Tile  &  Paving  Co.,  Boone,  Iowa. 


Irrigating  peach  orchard,  Patterson,  Cal. 
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One-hundred-and-fifty-horsopower,  630  R.  P.  M.,  5oO-volt  induction  motor  operating  an  electric  logging  outfit. 
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Ton-ton  crane  serving  raw  material  bay  in  Iron  foundry.    The  crane  motors  arc  al tcrnating current  with  an  altornating  cur- 
rent-direct current  motor-generator  sot  mounted  on  the  crane  to  energize  the  lifting  maguot. 
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Five-horsepower,  3-phase  induction  motor  operating  wood  saw  on  farm. 
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Electric  plo.v  of  the  chain-and-trolley  type. 
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Thirty-horsepower,  dircc'l-current  motor  driving  centrifugal  air  compressor  4,500  cubic  feet  per  minute  at  1  pound  pressure* 

blowing  cupolas  in  iron  foundry. 
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been  designed  to  meet  this  condition  the  whole  syBtem  frequency  can  be  reduced 
and  all  of  the  apparatus  operated  at  correspondingly  lower  speeds.  The  centrifugals, 
however,  must  be  operated  at  thdr  proper  speed  in  order  to  insure  complete  drying  of 
the  crystals,  and  this  is  taken  care  of  by  q»litting  the  power  circuits.  .BlecMcally 
operated  scraper  conveyors  are  used  to  remove  the  crushed  cane  coming  from  the 
last  set  of  rolls  (which  is  called  bagasse),  which  is  always  used  as  fuel.  The  material 
is  soft  and  constant-speed  squirrel^iage  motors  are  used.  The  juice  extracted  from  the 
crushing  and  rolling  process  is  filtered  to  remove  small  particles  of  fiber,  and  the 
latter  is  again  run  throu^^  the  rolls. 

The  juice  is  pumped  to  tanks,  where  ndlk  of  lime  is  added  to  neutralise  the  add 
formed  by  fermentation,  and  to  produce  insoluble  compounds  from  the  nonsugar 
content.  Centrifugal  pumps  are  usually  employed  for  this  circulation,  as  also  for 
the  productbn  of  milk  of  Mme,  whidi  is  made  by  thesolutionof  slaked  lime  in  a  tank 
provided  with  an  agitator,  also  motor  driven. 

Agitation  is  also  employed  after  the  ndlk  of  lime  is  added  to  the  raw  juice;  it  is 
then  pumped  through  a  heater  into  tanks  where  it  is  broui^t  up  to  the  boiling  tank, 
precipitating  albuminoids.  Part  of  this  content  rises  to  the  surfoce,  forming  a  thick, 
dirty  scum,  but  clear  liquid  forms  between  this  and  the  sediment  at  the  bottom  of 
the  tank  and  is  decanted  and  pumped  to  evaporators.  The  scum  and  sediment  are 
diluted  with  water  and  passed  through  a  filter  press,  whence  the  juice  is  pumped  to 
the  evaporators.    The  filter  cake  is  used  for  fertilizer. 

The  juice,  now  known  as  defecated  juice,  is  evaporated  to  the  consistency  of  sirup 
under  successive  stages  of  vacuum  and  decreasing  temperature.  It  is  then  pimii>ed 
or  flows  by  gravity  to  storage  tanks  or  into  the  vacuum  pans,  where  it  is  boiled  to 
grain.  The  condensed  vapota  produced  in  the  evaporators  are  drawn  off  and  added 
to  the  water  supply.  The  sugar  resulting  from  the  original  boiling  of  the  arup  is 
fed  into  centrifi^gals,  where  the  sugar  and  inolasww  are  separated.  Motors  for  direct 
connection  to  these  machines  require  hi|^  accelerating  torque.  The  machine  runs 
to  a  lew  minutes,  throwing  out  the  molssscMi  throuf^  the  wire  gause  lining,  and  it  is 
then  stopped  by  a  brake.  A  thick  layer  of  sugar  crystals  is  left  on  the  inside  of  the 
centrifugal;  this  is  removed  and  stored  or  dischaiged  into  ba^B  lor  shipmrait.  The 
molasses  is  mixed  with  the  simp  from  the  evapoialois  in  otdes  to  ciystaliie  mors  of 
its  sucrose  content  and  agitated  in  crystallifing  tanks  for  the  purpose  oi  building  up 
larger  crystals.  Laundry  tubs  for  the  filter  ba^B,  service  water  pumps,  cottveycfs, 
and  carpenter  and  machine  Aap  tools  are  driven  by  individual  motors  from  the 
regular  power  circuit. 

The  Central  Amistad  sugar  mills  at  Guinea,  Cuba,  placed  in  operation  in  December, 
1013,  is  the  first  example  of  a  con^letely  electrified  sugar  mill  by  the  adoption  of  a 
turbo-generating  station  to  supply  electric  power  and  the  installatioa  at  the  same 
time  of  a  more  efScient  evap<»ating  system.  Tlie  steam  consumption  was  reduced 
from  95,000  to  05,000  pounds  per  hour.  Operating  expenses,  due  to  the  radical 
reduction  of  the  fuel  bill,  decreased  $40,000  f<Mr  the  fint  grinding  season,  all  the  fuel 
required  being  furnished  by  the  baguse,  while  before  electrification  considerable 
additional  fuel  had  to  be  purchased.  The  maintenance  charges  during  the  ccurie- 
^Kmding  period  decreased  $20,000  and  the  production  increased  10  per  cent,  largely 
due  to  the  fact  that  from  80  per  cent  to  40  per  cent  of  the  wttg^t  of  the  cane  in  water 
is  added  lor  maceration  under  present  conditions  without  the  purchase  of  additional 
fuel,  whereas  4  per  o«it  was  about  the  maximum  that  could  be  used  econMuically 
under  former  conditions. 

In  general  the  application  of  electric  drive  to  sugar  mills  corrects  the  defects  inherent 
in  the  steam-driven  plant  and  provides  a  number  ol  distinct  advantages,  in  addition 
to  the  reductum  in  operating  costs  and  maintenance  charges. 
68486— 17— VOL  vi 20 
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TEXTILE  MILLS. 

The  textile  industry  repreeenta  one  of  the  first  large  industries  to  be  equipped  with 
individiuil  or  group  motor  drives  for  large  numbers  of  machines  in  extensive  plants. 
The  cotton  mills  in  the  Garolinas,  especially  the  group  at  Oolumbia,  were  among  the 
first  textile  mills  to  be  equipped  with  motor  drive.  Mules,  jennies,  pickers,  finishers, 
and  carding  machines  are  all  driven  by  electric  motor  and  most  of  the  large  mills 
formerly  using  group  drive  are  changing  over  to  individual  motor  drive.  The  original 
system  of  group  drive  consisted  of  the  operation  of  a  line  shaft  by  direct-connected  or 
other  motor;  individiuil  machines  bQJing  belted  from  this  line  shaft.  The  substitu- 
tion of  motor  drive  for  group  drive  has  been  applied  to  most  textile  machinery,  but 
more  especially  to  roving  frames,  speeders,  spinning  frames,  and  twisters.  Ten  years 
ago  the  average  size  of  motors  for  operating  textile  millrwas  about  75  hor8^>ower; 
to-day  it  is  less  than  16  horsepower,  and  in  two  mills  aggregating  4,000  horsepower  in 
motors  the  average  size  of  motor  is  less  than  1^  horsepower.  What  has  preceded 
refers  more  particularly  to  the  cotton  industry,  as  it  is  in  that  field  that  the  greatest 
advances  have  been  made,  but  the  silk,  woolen,  and  worsted  branches  of  the  industry 
have  led  in  the  application  of  individual  motors,  especially  to  looms. 

The  importance  of  constant  speed  in  the  operations  referred  to  in  the  foregoing 
naturally  determine  the  type  of  motor,  but  in  bleaching,  dyeing,  and  printing  textile 
goods  variable  speeds  are  reqtiired.  Some  machinery,  such  as  slubbers  and  roving 
frames,  is  capable  of  a  considerable  increase  in  production  when  operated  by  variable 
speed  motors. 

ELECTRIC  WELDING. 

Although  the  principles  of  electric  welding  are  old,  the  art  has  made  great  progress 
in  recent  years.  The  following  different  methods  are  being  used,  each  of  which  has 
advantages  for  its  particular  field  of  application: 

Arc  welding. — ^In  arc  welding  the  metal  is  brought  to  a  molten  state  by  an  arc, 
applied  or  blown  on  the  metal  parts  to  be  welded.  The  molten  metal  runs  in  between 
the  parts  and  combines  with  them  and  on  solidification  forms  a  continuous  union. 
As  there  is  no  take-up  required  and  additional  metal  can  be  added,  this  process  has 
the  advantage  for  repair  work  in  holding  all  original  dimensions  for  the  repaired  parts. 

Direct  current  is  superior  for  arc  welding,  and  in  some  of  the  processes  it  is  essential. 
The  voltage  required  across  the  arc  varies  from  50  to  100  volts  for  the  several  processes, 
and  a  regulating  resistance  absorbing  20  to  40  volts  is  required. 

The  arc  may  be  formed  by  the  following  several  methods: 

In  the  Zerener  method  the  welding  heat  is  produced  by  the  electric  blowpipe, 
consisting  of  an  electric  arc  deflected  by  a  magnet.  Two  carbon  electrodes  are  used, 
and  welding  material  may  be  introduced  in  the  shai>e  of  melt  bar. 

In  the  Bamados  method  the  welding  heat  is  produced  by  an  arc  between  a  carbon 
electrode  and  the  metal  parts  to  be  welded.  Welding  metal  is  introduced  in  the 
shape  of  a  melt  bar.    The  Bemados  arc  is  also  used  for  cutting  metals. 

In  the  Slavianolf  method  the  welding  heat  is  produced  by  the  arc  between  a  metal 
electrode  and  the  metal  parts  to  be  welded.  A  welding  flux  is  required  which  can  be 
conveniently  supplied  on  the  pencil  electrode,  and  the  additional  welding  metal  is 
also  supplied  from  this  electrode.  Overhead  welding  can  be  accomplished  with  this 
method,  as  the  magnetic  field  draws  the  molten  metal  into  the  sections  to  be  welded. 

In  the  Lagrange-Hoho  process  the  metals  to  be  welded  are  connected  to  the  negative 
pole  of  a  125  to  150  volt  direct-current  supply  circuit  and  emersed  in  an  electrolyte 
with  a  large  carbon  or  lead  positive  plate  electrode. 

The  current  decomposes  the  electrolyte  and  forms  a  thin  resistant  layer  of  hydrogen, 
through  which  the  current  passes  and  heats  the  parts  to  the  welding  temperature. 
When  the  proper  temperatures  are  reached  the  parts  are  forced  together  in  the  bath  or 
may  be  removed  and  hammered  together. 
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In  the  Thomson  proceee  the  welding  heat  is  produced  by  the  current  passing  through 
the  contact  resistance  of  the  parts  to  be  welded  when  they  are  pressed  together.  In 
this  manner  the  heat  is  centered  to  the  points  of  welding,  and  the  parts  are  forced  to- 
gether while  the  cxirrent  is  applied.  The  voltage  required  is  low  (1  to  8  volts)  and 
the  current  very  large.  For  this  reason  alternating  current  b  usually  used  in  con- 
junction with  a  stepdown  transformer. 

As  the  quality  of  welds  made  by  this  process  are  uniformly  good  and  the  time  and 
energy  requirements  small,  the  process  is  being  used  very  extensively  in  the  manu- 
facturing industry.  The  take-up  required  in  forcing  two  pieces  together  is  objec- 
tionable for  general  repair  work.    Two  methods  are  used  in  this  process. 

One  is  butt  welding,  in  which  the  two  pieces  to  be  welded  are  clamped  into  elec- 
trodes, with  the  projecting  ends  heated  by  the  passage  of  current  through  the  contact 
resistance,  and  forced  together.  A  fin  is  removed  by  the  pressing  of  the  molten  metal 
together,  which  it  is  necessary  to  remove  in  many  cases. 

The  other  method,  lap  welding,  is  used  in  welding  two  thin  pieces  of  sheet  metal 
together;  the  current  is  passed  through  the  two  lapped  pieces  under  pressure  of  two 
electrodes  perpendicular  to  the  plane  of  the  sheets.  The  current  is  centered  to  a 
definite  area  by  the  shape  of  the  electrode.  Numerous  types  of  electrodes  are  in 
use,  the  most  common  of  which  are  the  pencil  point,  which  welds  the  plates  together 
in  spots,  and  the  continuous  rolls;  which  makes  a  continuous  welded  seam  as  the 
sheets  pass  between  the  rolls. 

Electropercussion  welding:  The  principle  involved  is  that  of  percussive  contact 
between  two  metals,  with  a  condenser  discharge  occurring  at  the  instant  of  such  con- 
tact. The  time  of  the  welding  operation  is  in  the  order  of  1/1000  of  a  second,  and 
the  resulting  weld  is  exceptionally  strong  and  uniform.  A  particular  advantage  of 
this  method  of  welding  is  the  successful  welding  together  of  metals  of  widely  dif- 
ferent characteristics.  The  size  of  the  condenser  required  limits  this  merhod  of 
welding  to  small  areas. 

WOODWOBKINO. 

The  application  of  the  electric  motor  to  woodworking  plants  is  most  marked  in  the 
small  plants  which  carry  on  a  variety  of  different  operations.  Bip  and  crosscut  saws, 
edging  machines,  jig  and  band  saws  are  all  operated  by  electric  motor,  but  perhaps 
the  most  widely  used  application  of  motors,  especially  in  small  sizes,  to  woodworking 
is  in  the  operation  of  boring  machines.  Multiple  spindle  drills,  molders  and  form- 
ers, gang  saws,  surfacers,  planers,  matchers,  dado  machines,  and  shapers  are  often 
driven  by  individual  motors,  but  some  of  these  machines  require  belted  connections 
rather  than  direct  connected  units.  Direct  connected  motors  are  particularly  adapted 
to  crosscut  and  gang  saws,  dowel  cutting  and  automatic  machines  such  as  dowel 
borers;  framing  and  spline  cutting  machines,  grinders,  and  sanders  may  also  be  best 
driven  by  direct-connected  motors.  Mortising  and  tenoning  machines  and  jointers 
are  also  driven  in  this  manner. 

A  small  planing  mill  gives  the  average  cost  of  steam  power  for  two  consecutive 
years  previous  to  the  installation  of  electric  driver,  as  follows: 

First  year 11,176 

Second  year 1,366 

Average  y earl  ycost 1,271 

The  result  of  the  same  miU's  operation  by  electric  power  for  the  first  year  (during 
which  the  mill  was  not  operated  under  normal  conditions)  was  as  follows: 

Total  cost  of  energy $419. 00 

Maximum  bill  for  any  month 55. 00 

Maximum  kilowatt  hours  for  any  month 920. 00 

Minimum  kilowatt  hours  any  month 220. 00 

Maximum  demand  in  horsepower 16. 50 
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Under  nonnal  operating  ccmditions,  the  power  bill  would  run  from  $55  to  |60  per 
month.  Estimating  the  average  yearly  power  bill  at  |600,  a  saving  of  50  per  cent  is 
shown  over  the  previous  cost  of  steam  operation. 

VBNTlIiATION. 

For  simple  ventilating  systems  disk  fans  are  installed  usually  in  the  wall  of  the  room 
which  is  to  be  ventilated  and  either  draw  the  foul  air  from  the  room  or  supply  fresh 
air  to  the  room.  These  fans  are  exteneively  used  wherever  large  volumes  of  air  are  to 
be  moved  at  low  velocity  and  where  the  resistance  to  the  flow  of  the  air  is  slight.  They 
are  not  suitable  for  forcing  air  against  preesurOi  a  ccmdition  which  requires  a  cased 
fan.  Direct  connected  mot(»s  are  generally  used  tar  driving  fans  which  are  especially 
adapted  to  the  ventilation  of  Jdtchens,  restaurants,  engine  rooms,  work  sh<q)e,  and 
offices,  and  to  the  removal  of  vapors  and  fumes  in  industrial  establishments,  laundries, 
dye  houses,  drying  rooms,  etc. 

The  simple  placing  of  such  fans  in  an  outside  wall  or  window  will  remove  the  odors 
from  kitchens,  engine  rooms  below  the  street  level,  and  of  laundries. 

Among  the  materials  that  can  be  conveyed  through  pipes  by  a  current  of  adi  are 
chips,  shavings,  and  sawdust  from  woodwcvking  machinery,  and  emery  dust  and 
waste  from  emery  and  polish  wheels.  To  handle  such  refuse  successfully  requires  a 
type  of  fan  capable  of  positively  moving  air  under  moderately  heavy  pressure.  In 
industrial  operations  which  necessitate  the  grinding  or  polishing  of  metals,  parfcidee 
of  dust  are  produced  and  wheels  or  polishing  belts  should  be  provided  with  an  exhaust 
system  to  carry  this  away  from  the  grinding  or  polishing  operations.  Cotton  doth 
wheels  used  as  bu£b  should  also  be  provided  with  such  a  system  to  remove  the  lint 
thrown  off  by  the  wheel.  The  dust  mentioned  above  is  somewhat  abrasive  and  an 
exhaust  fan  with  a  cast-iron  housing  is  preferable.  The  exhaust  teoi  as  used  in  polish- 
ing rooms  is  practically  a  necessity  to  ptoiect  the  operators  against'  the  minutely 
divided  particles  of  metal  which  remain  in  suspension  in  the  atmosphere.  Where 
an  exhaust  fan  is  provided  these  are  drawn  out  with  the  air.  This  also  results  in  the 
saving  of  a  considerable  amount  of  precious  metal,  in  that  the  metal  buffed  off  in  the 
polishing  process  is  carried  with  the  air  through  the  exhaiist  pipe  and  released  under 
the  water  in  a  receptacle  which  being  periodically  emptied  is  found  to  effect  a  recovery 
through  the  sediment  of  anywhere  from  |200  to  $1,200  per  year  for  an  ordinary  manu- 
facturing jeweler . 

In  woodworking  establishments  the  removal  of  shavings  and  sawdust  is  necessary. 
It  is  customary  to  draw  this  refuse  from  the  various  machines  through  a  suitable 
piping  system  into  an  exhaust  fan  and  dischaige  the  material,  by  means  of  the  same 
fan,  to  any  location  desired.  The  shavings  are  usually  dischaiged  into  a  collector 
located  near  the  boiler  room  and  9ie  then  used  as  fuel  in  the  boiler. 

The  same  is  true  of  bagasse  in  some  of  the  Cuban  sugar  mills  and  of  the  chips  of 
wood  used  in  the  naval-stores  industry,  where  rosin,  turpentine,  oil  of  pine,  and  other 
like  products  are  recovered  from  old  stumps.  This  particular  material  after  it  has 
been  through  the  cooldng  and  digesting  process  contains  enough  volatile  constituents 
to  render  it  extremely  effective  as  a  fuel.  Practically  all  of  the  plants  for  the  recovery 
of  naval  stores  by  this  method  are  operated  by  electric  power,  and  some  of  them  have 
ako  electric  welding  equipments  for  making  repairs  to  the  machinery,  the  machiimt 
known  as  hogs,  which  disintegrate  and  comminute  the  raw  material,  being  subject 
to  deterioration  through  their  action  upon  the  hard  wood  as  well  as  upon  the  iron 
dogs,  pieces  of  diain,  and  other  metal  parts  which  are  apt  to  be  found. 

It  is  desirable  to  remove  fumes  of  blasting  from  a  mine  immediately  after  the  diot 
has  been  fired  in  order  that  the  men  may  not  be  delayed  in  their  return  to  work,  and 
for  this  reason  mine  fans  are  frequently  made  reversible,  so  that  the  current  of  air 
ordinarily  supplied  for  ventilation  from  outdoors  by  pressure  can  be  changed  to 
ventilation  by  exhausting  air  from  the  workings.    This  provision  is  taken  advantage 
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of  ^ere  mine  fires  occur,  eepecially  in  coal  mines,  where  the  air  can  be  controlled 
to  such  an  extent  that  the  mine  gases  do  not  combine  with  it  in  sufficient  quantity  to 
provide  a  mixture  with  the  requisite  explosive  strength.  This  feature  is  also  valued 
through  the  possibility  of  drowning  out  the  mine  fire  by  cross  connecting  and  pump- 
ing in  air  that  has  previously  been  vitiated,  so  that  the  fire  dies  for  lack  of  oxygen  to 
supply  combustion.  The  proper  ventilation  of  mines  is  not  only  necessary  in  order 
to  furnish  suitable  working  conditions  for  the  miners,  but  it  also  eliminates  the 
danger  of  explosions. 

Pressure  blowers  are  constructed  for  delivering  air  at  pressures  up  to  24  ounces 
per  square  inch  and  are  connected  to  motors  In  order  to  eliminate  the  use  of  belting. 
They  are  particularly  adapted  for  supplying  the  air  blast  for  cupolas  and  forges,  and 
for  blowing,  heating,  and  melting  furnaces  for  plates,  billets,  rivets,  etc. 

FNEUMAnO-TUBB  MAIIrDSIJVXKT  8BBVICB. 

The  pneumatic-tube  system  for  the  delivery  of  mail  was  first  recommended  in 
1898  by  a  Government  commission,  the  authorized  mileage  at  that  time  being  16.2 
miles.  Since  that  time  about  $8,000,000  has  been  ^ent  in  the  development  and 
construction  of  a  standard  system  of  pneumatic  tubes,  the  present  mileage  (1915) 
being  1 13.1  miles.  The  installation  and  operation  of  the  tube  system  has  been  carried 
on  in  the  cities  of  Boston,  13  miles;  New  York,  55  miles;  St.  Louis,  4  miles;  Chicago, 
20  miles;  and  Philadelphia,  20  miles. 

The  pneumatic-tube  system  is  a  method  of  transmitting  mail  matter  in  a  carrier 
through  a  tube  propelled  either  by  air  pressure  or  a  vacuum.  The  termini  of  the  tubes 
are  located  directly  at  the  point  of  receiving  or  dispatching  the  mails.  The  advantage 
of  this  system  over  any  other  form  is  the  speed  of  transmission  and  continuous  move- 
ment of  mail.  The  fact  that  mails  go  direct  from  the  center  of  one  office  to  the  center 
of  the  other  results  in  very  rapid  movement  of  mail  matter. 

A  comparison  of  the  delivery  of  mail  by  the  pneumatic-tube  system  and  other  forms 
of  transportation  brings  out  the  tubes'  contribution  to  modem  business  methods  in 
striking  relief.  Mail  is  brought  from  St.  Louis  to  Chicago  in  seven  hours,  but  it  is 
impossible  to  get  an  ordinary  letter  from  one  side  of  the  city  of  Chicago  to  the  other  in 
that  time.  Contracts  for  the  tube  system  call  for  a  sustained  speed  of  30  miles  an 
hour;  on  surfoce  transportation,  horse-drawn  vehicle  3  to  5  miles  jper  hour,  street-car 
service  6  miles,  while  for  automobiles  the  highest  permissible  speed,  which  can  not 
be  expected  because  of  congested  streets  and  crossing  stops,  is  15  miles  per  hour. 

Frequency  of  dispatch,  as  provided  by  the  tube  system,  is  far  in  excess  of  anything 
heretofore  attempted;  in  fact,  it  is  estimated  at  100  times  that  of  any  other  form.  On 
the  Chicago  system  carriers  are  dispatched  at  intervals  of  9  to  15  seconds,  thus  making 
over  240  per  hour,  which  for  20  hours,  the  working-day,  would  be  4,800  one  way,  or  a 
total  of  9,600  per  day.  The  result  of  the  speed  is  often  greater  than  simply  figures 
indicate,  since  in  the  case  of  vehicles  mails  must  be  trucked  from  workroom  to  loading 
platform.  Safety  from  theft,  freedom  from  delay  by  storms,  strikes,  open  bridges,  and 
all  forms  of  street  blockades  make  for  a  continuoiiB  lervice  always  available.  This 
gives  a  steady  stream  of  mail  pouring  into  the  post  office,  which  permits  sorting  in  the 
«une  order  as  received.  Pertiaps  to  the  ordinary  business  man  the  most  important 
advantage  is  the  fact  that  mails  can  be  kept  open  from  5  to  15  minutes  before  train- 
leaving  time,  whereas  with  other  transportation  mail  is  generally  closed  one  hour  or 
•0  earlier. 

The  commercial  advantage  to  a  community  of  the  pneumatic-tube  service  is  very 
Sieat.  Patrons  of  all  post  offices  to  which  the  system  connects  have  identically  the 
■une  service  as  the  general  post  office.  In  Chicago  the  great  stockyards  district  now 
^joys  the  same  mail  service  as  the  banking  houses  in  the  centa^al  district.  This 
allows  business  districts  to  expand  and  property  values  thereby  to  rise,  and  not  only 
benefits  firms  within  the  zone  but  all  whose  mail  is  redistributed  from  the  district. 
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The  pneumatic  tube  coufiists  of  a  double  line  of  high-grade  caeft-iron  pipe,  the  inner 
crust  being  reamed  out  to  form  a  smooth  interior  8  inches  in  diameter,  with  lead  joints. 
The  pipe  is  laid  in  3-foot  trenches  underneath  the  streets  at  a  depth  of  4  feet,  or  below 
the  front  line,  and  must  form,  when  laid,  perfect  conduits  for  the  passage  of  the  high- 
speed steel  cartridges.  Double  lines  are  laid  to  cany  the  trafSc  in  opposite  drrectionB. 
The  piping  in  passing  from  one  street  to  a  cross  street,  or  into  and  out  of  buildings,  is 
carried  by  cast-iron  bends  of  proper  curvature.  The  carriers  are  built  with  the  care 
and  strength  of  projectiles  from  the  same  steel  as  that  used  in  Whitehead  torpedoes. 
They  can  not  be  inserted  in  the  tube  unless  properly  locked.  Each  postal  station  is 
equipped  with  sending  and  receiving  apparatus  known  as  ^'transmitters''  and 
''receivers."  Each  carrier  will  hold  500  letters,  and  the  tubes  can  transport  150,000 
letters  an  hour  in  either  direction,  giving  a  capacity  of  3,000,000  letters  a  day  each 
way  between  stations. 

The  Chicago  system  has  several  air  compression  stations^of  which  all  except  one  are 
electrically  operated.  At  the  North  Western  Railroad  Station  there  are  installed  two 
imits — one  direct-connected  Laidlaw-Dunn-Gordon  air  compressor  driven  by  a  75- 
horsepower  Wood  system  Fort  Wayne  Co.  motor,  and  one  direct-connected  Conners- 
ville  blower  driven  by  a  similar  80-horsepower  motor.  The  Laidlaw-Dimn-Gordon 
compressor  is  a  20  by  12  inch  duplex  unit  rated  at  1,300  cubic  feet  per  minute  at  150 
revolutions  per  minute,  designed  for  8  poimds  normal  pressure  but  made  of  su£Sciait 
strength  for  a  pressure  of  20  pounds,  which  may  be  reqiiired  for  dislodging  carriers. 
For  operating  imder  varying  dischaige  pressures  the  cylinders  are  equipped  with  a 
special  valve  gear  known  as  the  Cincinnati  gear;  the  inlet  valves  are  of  a  semirotary 
type  which,  located  in  the  upper  portion  of  the  head,  control  the  opening  and  closing 
of  the  inlet  as  well  as  the  closing  of  the  dischaige  at  the  end  of  the  stroke.  Popi>et 
valves  are  located  immediately  above  this  semirotary  valve,  the  function  of  which  is 
to  provide  a  voluntary  outlet  for  the  dischaige  when  the  proper  point  in  the  stroke 
corresponding  to  the  pressure  line  is  reached.  The  function  of  the  rotary  valve  is  to 
close  the  discharge  positively  and  exactly  at  the  end  of  the  stroke.  The  Connersville 
pneumatic  blower  is  of  5|  cubic  feet  capacity  at  300  revolutions  per  minute  and  is  a 
standard  design  for  a  number  of  units  in  this  particular  service. 

The  Armour  Post  OflSce  Station  of  the  Chicago  system  contains  three  75-horsepower 
units  of  a  similar  design  to  that  described. 

"  One  device  which  is  giving  wonderful  service  is  the  electric  time  lock  which  contrds 
the  operation  of  the  transmitting  machinery.  This  can  be  set  to  operate  at  any  desired 
space  of  time.  On  the  Chicago  system  a  carrier  headway  of  9  to  15  seconds  is  allowed ; 
that  is,  this  device  permits  the  operators  to  place  a  carrier  of  mail  in  the  scoop  of  the 
transmitting  machine,  and  at  the  expiration  of  so  many  seconds  the  time  lock  will 
automatically  release  the  machine,  the  carrier  drops  into  the  tube  and  is  instantly 
caught  by  the  ciurent  of  air  and  carried  to  its  destination.  It  is  impossible  for  the 
operator  to  place  another  carrier  in  the  tube  until  the  required  number  of  seconds 
have  elapsed. 

In  the  operation  of  a  pneumatic-tube  system  some  rather  interesting  conditions  are 
encountered.  Mr.  B.  S.  Batcheller,  engineer  for  the  operating  companies,  has  calcu- 
lated that  the  pressure  from  one  end  of  a  tube  to  the  other  theoretically  has  the  form  of 
a  convex  upward  curve.  But  from  tests,  due  to  leaks  and  obstructions  the  actual 
curve  is  nearly  a  straight  line,  approaching  convex  downward.  Considerable  study 
has  been  made  on  the  velocity  of  a  constricted  tube  and  the  effect  of  carriers  upon  the 
air  current.  The  carriers,  which  are  slightly  smaller  than  the  tube,  slide  on  lubricated 
rings,  and  care  must  be  taken  when  the  bearings  become  worn,  allowing  air  to  leak  by, 
which  will  in  turn  allow  a  variable  si)eed  of  different  carriers  dispatched  in  succession. 

The  temperature  of  the  air  is  not  a  difficult  problem  to  handle,  since  the  pressure 
seldom  exceeds  10  pounds,  and  the  heat  is  dissipated  in  the  long  tubes  laid  in  the 
earth.  Several  of  the  larger  plants  are  equipped  with  refrigerating  apparatus  for 
cooling  the  outgoing  air  in  the  tubes. 
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The  removal  of  obstructions,  which  occaaionally  happen,  is  done  by  revening  the 
air  current  and  increasing  the  preesure,  which  may  be  further  increased  by  exhausting 
from  one  end.  Sometimes  the  wedged  carrier  must  be  located  by  testing  portions  of 
the  line,  using  standpipee  which  lead  to  the  surfatce  of  the  street,  and  with  pressure 
gauges  thereon,  and  then  removing  the  trouble  with  rods. 

Obstructions  have  sometimes  been  located  in  tubes  by  measuring  the  time  that 
elapses  between  the  dischaige  of  a  pistol  and  the  return  of  the  echo.  Knowing  the 
velocity  of  sound  to  be  about  1,124  feet  per  second  at  60°  temperature,  the  distance 
can  be  calculated  by  instruments  very  readily. 

These  occurrences  are,  of  course,  very  rare. 

Some  danger  is  involved  in  the  use  of  high  air  pressure  in  removing  obstructing 
carriers,  it  being  greatest  \«  hen  the  carriers  are  lodged  near  the  end  of  a  tube.  An 
average  unbalanced  pressure  of  20  pounds  per  square  inch  against  an  8-inch  carrier 
acting  through  a  distance  of  100  feet  will  impart  a  velocity  of  500  feet  -per  second  to  it. 

The  time  interval  of  dispatch  of  carriers  is  an  important  item  of  the  tube  operation. 
All  carriers  are  not  equally  filled,  consequently,  if  dispatched  at  too  frequent  inter- 
vals, they  might  overtake  each  other.  Also,  the  tube  might  get  overloaded  with 
carriers  beyond  the  capacity  of  the  compressor,  in  which  event  the  system  might  be 
blocked.  A  regulation  of  the  dispatching  time  is  necessary  also  to  allow  the  receiving 
operator  to  take  care  of  the  incoming  carrier. 

The  use  of  electric  power  for  pneumatic-tube  work  has  shown  its  superiority  over 
other  forms,  both  from  an  operating  as  well  as  a  financial  standpoint.  Tlie  fact  is  that 
steam  compressors  are  more  complicated,  require  closer  attention  and  high  priced 
labor,  while  vrith  the  electric  plant  the  regular  operator  is  easily  trained  to  give  the 
machinery  aU  the  necessary  attention. 

The  cost  to  the  Post  Office  Department  for  pneiunatic-tube  service  under  the 
present  10-year  contract  is  $17 ,000  per  mile  per  year  for  a  double  tube  line.  This  figure 
at  the  rate  of  $2.33  per  mile  for  one  hour  of  service.  Fust-class  mail  pays  the  depart- 
ment at  the  rate  of  about  $1  per  pound,  figuring  50  letters  to  the  pound.  However,  it 
should  be  considered  that  this  class  of  mail  is  not  only  paying  for  transportation  but 
for  service.  Other  classes  of  mail  can  be  in  a  way  represented  as  freight  paying  for 
transportation  alone  and  not  for  quickness  of  dispatch. 

The  tube  system  po^^a*  requirements  constitute  a  steady  load  for  20  hoxxn  per  day, 
making  a  high  load  factor  proposition  to  the  central  station  and  resulting  in  a  very 
favorable  rate  earned  by  the  customer.  All  of  the  electrical  energy  used  by  the 
pneumatic  8>'8tem  in  the  American  cities  is  fiunished  by  the  central  station  com- 
panies, and  carries  the  highest  indorsement  from  the  customers'  management. 

It  is  the  intention  of  the  London  post  office  to  construct  tunnels  which  will  be 
sufficient  for  automatic  electric  cars  carrying  parcel  post  and  bulk  mail.  In  these 
tunnels  will  probably  also  be  placed  8-inch  diameter  pneumatic  tubes  which  will 
carry  first-class  mails. 

The  subject  of  pneumatic- tube  transportation  of  mails  is  just  now  receiving  the 
earnest  attention  of  Government  officials  and  civic  industrial  organizations.  The 
extension  of  present  systems  seems  to  be  urgently  demanded  by  our  ever-growing 
cities. 

ELEVATOR   SERVICE. 

The  electric  elevator  was  one  of  the  earliest  motor  applications  in  commercial, 
public,  and  private  buildings. 

The  application  of  the  electric  motor  to  elevator  service  in  tall  buildings  has  been 
developed  to  a  considerable  extent  within  the  past  decade.  This  is  not  only  true  of 
motor  drive  as  applied  to  pressure  pumps  for  operating  hydraulic  elevatcMrs  such  as 
are  found  in  great  numbers  in  tall  buildings  in  most  American  cities,  but  the  motor, 
opeiyited  elevator  has  been  brought  to  such  a  state  of  perfection  that  it  is  now  being 
adopted  in  some  of  the  largest  buildings. 


Digitized  by  VjOOQIC 


300       PBOCEEDINGS  SECOND  PAN  AMEBICAN  SCIENTIFIG  CONOBESS. 

The  automatic  elevator  as  used  in  private  dwellings  and  in  small  hotels  and  apart- 
ments ^ould  be  almost  out  of  the  question  without  electric  drive.  Elevators  of  tiiis 
tyx>e  have  been  used  in  the  large  cities  in  the  United  States  as  well  as  in  Europe  for 
many  years.  The  French  ''ascenseur"  is  ahnost  invariably  electrically  operated. 
It  may  be  iutersting  to  note  that  the  Sprague  system  of  multiple  control  of  electric 
trains  has  been  the  outgrowth  of  Mr.  Sprague's  original  studies  in  the  development  of 
the  automatic  elevator  22  years  ago. 

The  so-called  electric  lift  is  simply  a  combination  of  an  electrically  operated  hoist 
with  a  series  of  open  hatches  through  the  floors  of  wardiousee  or  other  buildings  of  like 
character  where  it  is  necessary  to  handle  large  packages,  cases,  or  casks.  The  motive 
power  is  usuaUy  either  a  single  drum  electric  hoist  with  continuous  rope  controls 
operated  from  either  side  of  the  hatchways,  or  an  ordinary  freight  elevator  type  of 
drum  operated  by  direct  connected  motor  instead  of  belting. 

BLECTRIC  VEHICLES. 

In  cities  and  towns  where  the  street  grades  are  not  hea^'^',  pleasure  vehicles  are 
extensively  used  for  runabouts,  broughams,  doctors*  carriages,  etc.  Trucks  and 
wagons  are  also  extensively  used  for  the  delivery  of  merchandises.  The  application 
is  for  services  where  the  daily  route  may  not  exceed  from  30  to  40  miles.  Comparative 
costs  of  operation  and  maintenance  of  gas  and  electric  trucks  and  wagons  have  given 
the  following  results: 

In  making  six  deliveries  per  mile  in  the  zone  included  within  a  two  mile  radius 
three  trips  per  day  were  made,  requiring  seven-tenths  of  an  hour  per  trip  per  load  and 
1^  minutes  standing  per  delivay,  nine  working  hours  constituting  the  day's  work. 
A  l,000-po\md  electric  truck  periorming  the  above  duty  was  in  operation  290  out  of 
805  working  days  per  year  and  covered  6,400  miles,  making  38,400  deliveries  at  an 
expense  of  maintenance  $425,  electricity  $75,  garage  $200,  driver  and  helper  $1,110, 
depreciation  $205,  interest  $60,  and  insurance  $105,  a  total  annual  expense  of  $2,180, 
equivalent  to  a  cost  per  day  of  $7.50,  a  cost  per  mile  of  $0.34,  and  a  cost  per  deliver}*^ 
of  $0,057. 

A  1,000-pound  gasoline  truck  performing  the  same  service  had  a  lower  factor  of 
liability;  tiiat  is,  instead  of  being  available  for  290  out  of  305  days,  it  was  only  used 
275  days,  covering  6,000  miles  per  year  and  making  36,000  deUveries  at  a  cost  of 
maintenance  $400,  gasoline  $90,  garage  $200,  driver  and  helper  $1,120,  depreciation 
$330,  interest  $55,  and  insurance  $125,  a  total  annual  expense  of  $2,320,  equivalent 
to  a  cost  per  day  of  $8.45  or  $0.39  per  mile  and  $0,064  per  delivery. 

The  figures  for  the  same  types  of  truck  in  a  two  to  four  mile  zone  give  a  total  annual 
expense  of  $2,310  for  the  electric  and  $2,455  for  the  gasoline  vehicles.  In  a  4  to  6 
mile  zone  $2,425  for  electric  and  $2,565  for  gasoline  vehicle.  In  a  6  to  10  mile  zone 
$2,635  for  electric  and  $2,805  for  gasoline  vehicles. 

The  figures  which  precede  are  for  electricity  at  2  cents  per  kilowatt  hour  and  for 
gasoline  at  12  cents  per  gallon.  With  electricity  at  4  cents  per  kilowatt  hour  and 
gasoline  at  20  cents  per  gallon  (figures  which  make  the  annual  cost  of  energy  approxi- 
mately the  same),  the  cost  per  delivery  by  electricity  is  5.9  cents  and  by  gasoline 
6.6  cents  within  a  2  mile  radius;  5.9  cents  for  electricity  and  6.6  for  gasoline  within  a 
2  to  4  mile  radius;  6.9  for  electricity  and  7.7  for  gasoline  within  a  4  to  6  mile  radius 
and  9.1  for  electricity  and  9.7  for  gasoline  within  a  6  to  10  mile  radius. 

For  coal  and  other  bulk  delivery,  with  an  average  minimum  weight  per  load  of 
8y000  pounds  and  delivery  1  mile  from  the  loading  point,  the  annual  expense  amounts 
to  $2,595  for  electric  and  $3,060  for  gasoline,  equivalemt  to  $1.26  and  $1.56  per  deliv- 
ery, respectively.  For  delivery  2  miles  from  the  loading  point  the  total  annual  ex* 
pense  is  $2,760  for  electric  against  $3,235  for  gasoline,  equivalent  to  a  cost  per  de- 
livery of  $2.21  and  $2.61,  respectively.  For  delivery  4  miles  from  the  loading  point 
the  total  annual  expense  is  $3,260  for  electric  and  ^,800  for  gasoline,  a  cost  per  de- 
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Fire-box  end  of  locomotive  boiler  tubes  partially  welded.    Light  areas  show  welded 
tubes  and  dark  area  shows  tubes  ready  for  welding. 
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livery  of  $3.40  and  $3.84,  respectively.  For  delivery  6  milee  from  loading  point  the 
total  annual  expense  is  ^,550,  for  electric  and  $4,200  for  gasoline,  a  cost  per  delivery 
of  $4.60  and  $4.95,  respectively. 

In  miscellaneous  freight  hauling  where  a  two-horse  wagon  was  operated  in  com- 
parison with  a  2  ton  electric  truck  over  9.7  net  working  hours  per  day,  the  average 
speed  of  the  wagon  being  taken  at  4  miles  per  hour  and  the  electric  truck  at  7  miles 
pet  hour,  3.5  trips  were  made  in  the  one  case  and  4.2  in  the  other,  corresponding  to 
14.7  miles  per  day  for  the  two-horse  wagon  and  17.7  miles  for  the  electric  truck.  The 
horse-drawn  truck  worked  305  days  out  of  305  working  days  (having  100  per  cent 
reliability)  as  against  290  days  out  of  305  for  the  electric  vehicle,  resulting  in  a  total 
of  4,500  miles  per  year  for  the  horse-drawn  truck  and  5,200  miles  per  year  for  the 
electric  vehicle  or  1,070  horse-drawn  trips  and  1,220  electric  vehicle  trips.  The 
total  annual  exi)ense,  with  electricity  at  3  cents  and  feed  and  stable  expense  of  $670, 
was  $1,778  for  the  horse  drawn  truck  against  $2,065  for  the  electric  vehicle,  a  cost  per 
day  of  $5.85,  per  mile  of  40  cents,  and  per  trip  of  $1.66  for  the  two-horse  truck  and 
$7.10  per  day,  40  cents  per  mile,  and  $1.69  per  trip  for  the  electric  vehicle.  By 
effecting  a  reduction  in  the  total  hours  per  trip  during  which  the  vehicle  was  stand- 
ing from  3.4  in  the  case  of  the  original  horse  drawn  vehicle  to  2.2  hours,  to  which 
amount  the  electric  truck  has  shown  this  waiting  time  can  be  reduced,  we  obtain  a 
total  annual  exi)ense  of  $2,002  in  the  case  of  the  two  horse  wagon  and  of  $2,260  in  the 
case  of  the  electric  vehicle,  with  a  considerably  increased  mileage  as  well  as  an  in- 
creased number  of  trips  i>er  year.  Under  these  conditions  the  cost  i>er  day  amounts 
to  $6.60  for  the  horse-drawn  vehicle  against  $7.80  for  the  electric  truck.  The  cost  per 
mile  is  34  cents  for  the  horse-drawn  truck  against  32  cents  for  the  electric  truck,  and 
the  cost  per  trip  is  $1.43  for  the  horse-drawn  truck  against  $1.36  for  the  electric  truck. 

This  comparison  has  been  based  upon  the  relative  costs  of  delivery  by  the  different 
types  of  vehicles.  In  a  great  many  instances  the  cost  is  not  the  only  important 
criterion  which  determines  the  operator's  selection  of  delivery  equipment.  Such 
features  as  reliability,  appearance,  rapidity  of  deliveries,  advertising  value  of  a  cer« 
tain  type  of  equipment  or  motive  power,  cleanliness,  etc.,  can  not  be  assigned  values 
in  dollars  and  cents  in  a  general  analysis.  Thus,  although  a  cost  analysis  may  show 
little  difference  in  expense  between  motors  and  horses  for  very  short-haul  work,  these 
other  features,  together  with  the  propsect  for  improvement  which  may  be  obtained 
by  reorganizing  the  service  to  adapt  it  to  motor-truck  oi>eration,  may  warrant  the 
adoption  of  motors;  for  longer-haul  work,  where  the  motors  show  a  distinct  advantage 
over  horses  in  point  of  unit  cost,  there  appears  to  be  little  question  of  the  economic 
superiority  of  tiie  motors.  In  any  individual  case,  a  satisfactory  comparison  can  be 
made  only  by  taking  into  account  all  of  the  contributing  conditions. 

BLBCTBIO  RANQES  AND  0TXN8. 

Electric  ranges  are  growing  in  demand.  The  companies  operating  in  the  Pacific 
Coast  States  alone  expect  to  add  5,000  ranges  during  the  coming  year. 

Electric  ranges  have  largely  been  adopted  especially  in  towns  and  on  farms  not 
reached  by  gas  mains.  Besides  cleanliness  and  convenience,  electric  cooking  has 
certain  advantages,  like  in  broiling,  where  the  high  temperature  causes  the  meat  to 
promptly  sear  on  the  surface,  thereby  materially  reducing  the  loss  by  evaporation, 
the  saving  being  as  great  as  10  per  cent  of  the  total  weight  of  the  meat. 

Electric  ranges  have  been  in  use  in  some  cities  for  a  sufficient  length  of  time  to 
obtain  data  by  means  of  curve  drawing  instruments.  In  one  case,  where  126  ranges 
were  installed  in  one  city,  curves  were  taken  from  these  instruments  after  the  ranges 
had  been  in  use  long  enough  for  the  consumers  to  have  acquired  the  habit  of  using 
them  in  the  regular  way.  Each  of  these  curves  being  considered  as  a  characteristic 
curve  of  the  ordinary  average  performance  of  the  ranges  used  shows  that: 
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One  hundred  and  twenty-aix  ranges  consumed  140,238  kilowatt-liours  per  annum, 
or  about  1,100  kilowatt-hours  each  per  annum.  The  total  connected  load — that  is,  the 
total  possible  demand — 476.67  kilowatts,  or  an  average  of  3.8  kilowatts  per  range.  These 
curves  show  that  the  demand  factor  rises  gradually  with  the  number  of  ranges  installed. 
At  41  ranges  it  is  probable  that  the  demand  factor  is  about  4.6  and  with  100  ranges 
about  5.5.  The  probability  is  that  at  1,000  ranges  or  over  the  deamnd  factor  will  be 
at  least  6  or  7. 

In  another  city  an  installation  of  25  ranges  in  some  buildings  show  a  demand  factor 
of  6.7.  In  July,  1915,  53  per  cent  of  the  kilowatt-hours  were  used  between  6  p.  m.  and 
6  a.  m.,  and  47  per  cent  during  the  period  between  6  a.  m.  and  6  p.  m. 

Electric  heating  has  also  been  applied  extensively  in  manufacturing  establishments 
to  drying  and  baking  varnishes  and  paints.  Enameling  of  even  large  metal  articles, 
like  automobile  car  bodies,  has  been  accomplished  with  electric  ovens. 

nisUM^ — INDUSTRIAL  APPUCATIONS   OP  BLECTBICnT. 

Increased  production,  combined  with  simplicity,  reliability,  and  ease  of  control- 
obtainable  with  the  electric  motor,  has  revolutionized  the  methods  of  power  appli- 
cation in  practically  every  industry.  Excluding  steam  railroads,  automobiles,  and 
animal  power,  one-half  of  the  remaining  50,000,000  horsepower  of  primary  power  used 
in  the  United  States  is  in  the  form  of  electricity.  The  progress  in  the  development 
of  new  electrical  industries  and  electrical  services  in  home  and  commerce  is  growing 
at  a  rapid  rate. 

In  agriculture  the  constant  extension  of  electric  transmission  lines  results  in  the 
ever-increasing  application  of  electric  power  to  the  varied  operations  of  farm  life.  In 
building  construction,  especially  in  the  large  cities,  the  electric  motor  is  used  almost 
exclusively  for  many  operations.  In  the  handling  of  the  material  for  construction 
purposes  the  electric  motor,  electric  locomotive,  and  electric  shovel  play  an  important 
part. 

In  mining,  especially  coal  mining,  the  electric  locomotive  and  the  electric  coal 
cutter  have  been  applied  with  considerable  success  and  with  reduced  operating 
expense  and  lessened  liability  to  explosi<»i. 

The  electric  furnace  and  electrolytic  processes  are  responsible  for  the  creation  of 
commercial  products,  such  as  aluminum,  calcium  carbide,  carborundum,  and  other 
materials  which  can  only  be  produced  by  such  means.  In  the  refining  of  copper  and 
nickel  electrolytic  methods  have  gradually  replaced  the  older  methods. 

The  manufacture  of  ice  and  the  furnishing  of  refrigeration  has  been  developed 
extensively  and  has  proven  its  efficiency  and  economy;  mechanical  refrigeration  is 
now  applied  to  hundreds  of  usee  in  meat  packing,  canning,  manufacture,  transporta- 
tion, and  trade. 

Large  savings  are  made  possible  by  the  installation  of  complete  electrification  for 
sugar  mills,  pulp  and  paper  mills,  in  the  lumber  industry,  foundries,  etc. 

In  irrigation  the  use  of  electrically  operated  centrifugal  pumps,  in  conjunction  with 
electric  power  lines  extended  throughout  the  country,  has  enabled  the  farmer  and 
ranchman  to  buy  crop  insurance  at  a  very  reasonable  rate.  The  slight  attention 
required  by  the  electric  driven  pump,  coupled  with  the  comparatively  small  cost  of 
operation,  has  made  the  working  of  even  small  tracts  of  land  profitable. 

In  the  handling  of  freight  by  electric  power,  conveyors,  box  car  loaders,  cranes, 
winches,  and  trucks  are  extensively  used. 

In  bakeries  human  hands  need  not  touch  the  products  necessary  to  make  a  loaf  (A 
bread.  The  flour  is  sifted,  blended,  and  measured  aut(»natically,  kneaded,  divided, 
and  rounded,  and  finally  (after  making)  packaged  by  motor-driven  machinery  and 
delivered  by  electric  vehicles. 

In  the  up-to-date  brick  plant  the  clay  and  shale  are  excavated  by  an  electrically- 
operated  shovel,  hauled  to  the  stock  piles  by  an  electric  locomotive,  crushed  by  the 
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heavy  motor-driven  rolls  of  the  dry  pans,  mixed  at  the  pug  mill,  cut  into  proper 
shapes  and  then  conveyed  by  belt  to  the  repressor,  where  the  green  bricks  are  subjected 
to  heavy  pressure  and  prepared  for  drying. 

In  iron  and  steel  mills  the  electric  motor  has  thoroughly  demonstrated  its  ability  to 
handle  the  heavy  service  of  rolls,  and  it  is  now  used  almost  for  every  power  application 
required  in  the  mill. 

The  advantages  of  electric  drive  are  so  apparent  in  cement  mills  that  even  old  plants 
mechanically  operated  are  being  changed  over. 

The  pumping  and  even  the  drilling  of  oil  wells  are  done  by  motor-driven  rigs  oper- 
ating from  transmission  lines. 

The  recent  application  of  electrostatic  precipitation  to  the  removal  and  recovery  of 
values  from  trade  waste  has  at  one  time  largely  solved  the  fume  nuisance  from  smelters 
and  dust  from  cement  mills. 

Increased  production,  convenience,  and  accurate  speed  control  are  the  distin- 
guishing features  of  motor  drive  as  applied  to  machine  tools. 

In  rubber  mills  alternating-current  motors  for  individual  drive  are  used  in  the 
manipulation  of  crude  rubber  and  the  manufacture  of  articles  from  rubber  compounds. 

In  shoe  making  the  electric  motor  is  the  only  source  of  power  used  by  the  small 
repairmen  in  large  cities.  Large  establishments  use  electric  drive  throughout,  and 
electric  drive  is  also  adopted  for  tarmeries. 

Textile  mills  in  the  cotton,  silk,  woolen,  and  worsted  industries  have  led  in  the 
application  of  individual  motors,  especially  to  looms  where  constant  speed  is  of  the 
utmost  importance. 

In  woodworking  direct  coimected  motors  are  particularly  adapted  to  saws,  auto- 
matic machines,  grinders,  and  sanders,  as  well  as  boring  machines.  Mortising  and 
tenoning  machines  and  jointers  are  also  driven  in  this  maimer. 

In  the  purification  of  water  and  air,  especially  the  former,  the  process  is  dependent 
upon  the  powerful  oxidizing  properties  of  ozone,  which  oxidizes  most  substances  at 
temperatures  considerably  below  those  at  which  they  are  capable  of  amibining  with 
ordinary  oxygen. 

Welding  has  been  used  to  a  considerable  extent  in  street  railway  practice,  in  indus- 
trial repair  work,  and  in  manufacturing. 

S<»ne  important  services  to  which  electricity  is  applied  are  the  ventilation  of  build- 
ings and  industrial  plants;  pneumatic  postal  service,  as  applied  in  large  cities;  ele- 
vator service  and  electric  vehicles,  both  of  which  may  be  considered  as  branches  of 
the  transportation  problem;  and  electric  heating,  which  has  proven  its  adaptability 
and  economy  in  the  application  of  ranges,  where  appropriate  local  conditions  control 
their  adoption;  and  electric  ovens  in  drying  and  varnishing  applications. 

The  Chairkan.  This  paper  concludes  this  morning's  session.  If 
there  is  no  further  business,  I  will  by  common  consent  declare  this 
meeting  adjourned. 

Thereupon  the  session  adjourned  at  12.30  o'clock. 
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JOINT  SESSION  OP  SUBSECTIONS  1  AND  5  OP  SECTION  ¥• 

Raleiqh  Hotel, 

Wednesday  afternoon,  December  S9, 1915. 

Chairman,  E.  L.  Oorthell. 
The  session  was  called  to  order  at  9.30  o'clock  by  the  chairman. 

BASCULE  BRIDGES. 

By  J.  B.  STRAUSS. 

The  bascule  bridge  has  in  recent  years  become  an  important  factor  industrially^ 
and  an  outline  of  its  possibilities  in  connection  with  waterway  development  and  the 
work  of  the  scientific  congress  will,  it  is  hoped,  be  of  interest.  Other  types  of  mov- 
able  bridges  have  also  undergone  recent  development,  as  will  be  referred  to  herein- 
after,  but  the  modem  bascule  bridge  has  become  and  seems  destined  to  remain  the 
most  generally  adaptable  and  widely  used  of  the  modem  types  of  stmctures  for  the 
bridging  of  navigable  channels. 

The  term  "bascule"  as  applied  to  movable  bridges  has  two  possible  deiivationsy 
the  most  technical  being  from  the  French  verb  **ba8culer,"  meaning  to  rock.  All 
bascule  bridges  have  motion  in  a  vertical  plane,  revolving  or  rocking  about  a  center 
at  one  end.  In  operating  they  do  not  occupy  more  space  laterally  than  the  width  of 
the  bridge.  These  bridges  are  characterized  further  by  having  a  long  arm  spanning 
the  navigable  channel  and  a  short  arm  with  counterbalance  on  the  opposite  side  of 
the  center  of  rotation  or  support.  They  are  designed  both  as  machines  and  as  8tmo> 
turee  carrying  land  traffic.  In  their  modem  form  neither  function  is  sacrificed  for 
the  other,  as  was  generally  the  case  in  the  earlier  stages  of  development. 

EARLY  FORMS. 

It  will  be  desirable  to  glance  at  the  early  history  of  the  bascule,  not  only  in  order 
to  adequately  appreciate  the  great  strides  that  have  been  made  in  recent  years,  but 
also  because  in  this  field  as  in  most  others  the  modem  engineer  owes  a  considerable 
debt  to  his  predecessors,  as  the  analogies  herein  drawn  will  evidence. 

The  origin  of  the  principle  of  lifting  bridges  dates  back  to  feudal  times  when  draw- 
bridges were  used  to  give  access  to  baronial  castles  or,  as  was  more  often  the  case,  to 
prevent  access.  These  bridges  were  opened  by  manual  power  applied  through  ropea 
or  chains.  Apparently  the  first  people  to  go  the  next  step  farther  and  counterbalance 
the  lifting  part  were  the  Hollanders,  and  they  also  seem  to  have  been  the  first  to  use 
these  bridges  over  navigable  streams.  The  topography  of  Holland  is  such  that  high 
level  bridges  were  not  suitable,  since  the  land  is  flat  and  lies  close  to  the  water  level. 
Furthermore,  since  the  country  is  traversed  by  numerous  canals  which  furnish  one 
of  the  principal  means  of  transportation,  the  question  of  operating  bridges  demanded 
early  attention. 

One  of  the  first  examples  of  Holland 's  bascule  bridges  is  shown  in  Figure  1,  although 
no  accurate  knowledge  of  the  date  when  such  bridges  were  introduced  is  readily 
obtainable. 
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Strauss  tnumion  bascule,  built  1916.^  Jackson  Street  Sanitary  District,  Chicago.  Bridge  designed  to 
accord  vrith  the  "Chicago  Plan"— will  constitute  main  avenue  of  entrance  to  new  Union  Depot, 
now  under  construction.  Length  of  span  between  trunnions,  202  feet;  roadway,  37  feet;  two  13-foot 
sidewalks. 


1  Bridge  completed  after  paper  was  read  but  before  publication. 
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Figure  2  is  a  view  of  0uch  a  Imdge  photographed  at  Amsterdam  in  1894.  Many 
hand-operated  bridges  of  this  t3rpe  are  still  in  use  in  that  city,  in  Rotterdam  and 
other  cities  of  the  Netherlands.  Bridges  of  like  character  were  also  built  in  Denmark. 
TUi  type  of  bridge  is  scMnettmes  refeired  to  as  a  prototype  of  the  design  developed  by 
the  writer,  known  as  the  "heel  trunnion''  type,  thou^  there  is  a  salient  difference 
which  will  be  referred  to  hereinafter. 

In  France  more  ingenious  means  were  developed  for  counterbalancing  in  the  various 
e<anpensating  counterweight  l»ridges  built  there.  Belidor  used  the  first  method  as 
eariy  as  1816  (see  figure  3).  His  leaf  was  counterbalanced  by  a  weight  traveling  on 
a  track  forming  a  sinusoidal  curve  so  that  the  '*  pull' '  of  the  counterweight  decreased 
in  correct  relation  to  the  decretsed  leverage  of  the  leaf  as  it  opened.  This  type  has 
been  also  occasionally  used  for  laiger  and  more  recent  bridges,  such  as  that  shown  in 
figure  4  built  in  1898  at  Harway  Avenue,  Brooklyn,  under  designs  by  Joseph  Mayer, 
and  that  built  at  Michigan  Avenue  in  Buffalo  in  1897. 

The  spiral  pulley  bri<^e  introduced  by  Gapt.  Derch^  early  in  the  nineteenth 
century,  is  shown  in  figure  5.  The  radius  of  the  spiral  (which  is  the  moment  arm 
of  the  counterweight)  decreases  as  the  span  is  operated,  thus  compensating  for  the 
descreasing  moment  arm  of  the  leaf.  A  variation  of  this  design  was  built  over  the 
Osama  River  in  Santo  Domingo  about  a  quarter  of  a  century  ago,  the  leaves  being 
balanced  by  a  counterweight  connected  thereto  by  means  of  a  chain  passing  around 
a  conical  shaped  drum  at  the  base  of  the  tower.  The  writer  was  commissioned  to 
design  a  new  bridge  over  the  Ozama  River  at  this  point  a  year  ago  by  the  Obras  Pub- 
licas  of  the  Santo  Dominican  Republic.  The  new  bridge,  consisting  of  a  modem 
bascule  span  83  feet  long  and  four  fixed  spans,  one  100  feet  and  three  140  feet  long, 
b  now  nearing  completion.' 

Other  forms  of  the  compensating  bridge  were  built  at  Manitowoc,  Wis.,  and  other 
X>oints  in  the  United  States,  compensation  in  these  designs  being  effected  by  auto- 
matic dropping-off  sections  of  the  counterweight  as  it  moved  up  and  down  in  the 
interior  of  a  tall  tower,  at  the  top  of  which  the  pulley  for  the  cable  was  mounted. 

A  bridge  somewhat  similar  to  the  sinusoidal  type  was  built  in  recent  times  (1908) 
by  Augustus  Smith  between  Portsmouth  and  Tiverton,  R.  I.,  stiff  members  being 
used  for  cables  and  a  special  curve  being  provided  for  the  traveling  counterweight, 
but  in  general  the  compensating  methods  of  counterbalancing  have  not  been  found 
suitable  for  modem  conditions  and  may  be  considered  obsolete. 

It  will  be  noted  that  in  the  above  stmctures,  the  counterweight  or  the  leal  or  both, 
travel  about  a  fixed  axis  of  rotation.  A  totally  different  principle  is  embodied  in  the 
wheel  bridge  of  Col.  Berg^re,  introduced  about  the  year  1825  and  illustrated  in  figure 
t,  A  similar  design,  built  at  Havre  by  Lomblardie  shortly  before  the  year  1825  is 
illustrated  in  figure  7.  In  these  stmctures  the  counterweight  acts  about  a  ''mova- 
ble" axis  of  rotation.  This  system  of  counterbalancing  happened  to  be  the  medium 
through  which  the  bascule  was  first  applied  extensively  to  modem  conditions, 
taking  the  name  of  the  Scherzer  bridge  in  the  United  States  and  of  the  Hansa 
bridge  in  Germany.  Various  other  forms  of  this  same  general  type  have  also  been 
developed,  all  now  being  included  under  the  general  head  of  ''rolling  contact" 
bridges  forming  one  of  the  two  modem  groui>s  of  bascules  with  which  this  paper  deals. 

Figure  8  illustrates  still  another  early  idea  in  bridges  moving  in  a  vertical  plane 
introduced  by  Ardagh.  Strictly  speaking  this  bridge  is  not  a  bascule  but  a ' '  folding 
bridge. "  It  does  not  employ  a  counterweight.  An  endeavor  was  made  by  Schinke 
to  apply  this  principle  to  modem  traffic  bridges  in  the  Sixteenth  and  Huron  Street 
bridges  In  Milwaukee,  built  about  1896,  along  these  lines  and  later  efforts  were  made 
by  others,  but  these  efforts  were  not  successful  and  this  type,  like  the  compensating 
bridges,  have  also  become  obsolete. 

1  This  bridge  has  now  been  completed. 
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A  type  of  early  bascule  bridge  found  in  England,  Qermany,  the  NetherlandB, 
Denmark,  and  Sweden  is  known  as  the  ''fixed  trunnion  "  type.  This  forms  the  basis 
of  the  second  group  of  modem  bascule  bridges,  in  which  the  leaf  is  mounted  on  trun- 
nions (axles  or  short  shafts)  turning  in  bearings  rigidly  fixed  or  secured  to  the  masonry. 
The  trunnion  (or  fulcrum)  divides  the  leaf  into  a  long  arm,  spanning  the  channel, 
and  a  relatively  short  arm  extending  landward,  which  is  counterweighted  sufficiently 
to  make  the  turning  moments  of  the  two  portions  equal  and  opposite.  In  other  words, 
the  fixed  trunnion  bridge  is  essentially  a  simple  lever  balanced  about  a  fixed  fulcrum. 

One  of  the  first  of  these  bridges  built  is  illustrated  in  Fig.  9  being  a  double  leaf 
bridge  on  the  line  of  the  North  Eastern  Railway  at  Selby,  England,  completed  in  1839. 
It  has  a  rack  wheel,  hand-power  gearing,  and  when  closed  acts  as  an  arch.  It  is  still 
in  service.  Another  early  trunnion  bridge  is  the  old  Enipplesbro,  built  in  1867,  at 
Copenhagen,  Denmark,  which  was  replaced  in  1908  by  a  bridge  designed  by  the  writer. 
Further  reference  will  be  made  to  the  latter  design  subsequently. 

Other  examples  are  to  be  found  in  the  Fijenoord  trunnion  bridge  at  Rotterdam  built 
in  1878  and  the  Honig  trunnion  bridge  built  at  Koenigsberg  in  1880,  and  in  many 
first-class  structures  built  in  Holland  prior  to  1894.  One  of  the  latter  is  illustrated 
in  Fig.  10. 

A  notable  example  of  the  trunnion  bridge  is  found  in  the  well-known  tower  bridge 
over  the  Thames  at  London,  built  in  1894  imder  designs  by  Sir  John  Wolfe  Barry. 

The  fixed  trunnion  type  while  much  slower  than  the  rolling-contact  types  in  being 
brought  up  to  present-day  requirements,  has  nevertheless  found  the  widest  and  most 
satisfactory  application  in  the  present  industrial  era.  It  has  proven  most  responsive 
to  the  increasing  demands  of  the  times  and  has  made  possible  an  increase  during  the 
last  20  years  of  single-leaf  spans  from  approximately  100  feet  to  260  feet  and  of  double- 
leaf  spans  from  200  feet  to  336  feet  actual  and  400  feet  possible. 

COMPARISON  OF  THE  BASCULE  WITH  SWING  BRIDGES. 

The  year  1894  may  be  taken  as  marking  the  new  era  in  bascule  bridge  usage,  especi- 
ally in  the  United  States.  Prior  to  that  time  the  center-pivot  bridge  had  been  used 
almost  exclusively.  In  the  early  beginning  of  the  commercial  and  industrial  develop- 
ment of  this  country,  engineers  generally  resorted  to  the  use  of  the  horizontal  swing 
bridge  to  serve  the  requirements  of  a  movable  span,  since  space  and  time  were  noc 
valued  so  highly  as  now.  The  bascule  was  adopted  only  for  special  locations  and  this 
led  to  the  impression,  in  force  many  years,  and  even  felt  to  a  slight  extent  still,  that 
this  type  could  only  be  used  or  was  only  economically  applicable  to  congested  loca- 
tions and  small  spans.  An  important  consideration  in  altering  this  impression  was  the 
development  of  electric  power,  which  made  it  as  esay  to  operate  and  control  the  bascule 
as  to  operate  the  swing.  Modern  types  of  bascules  have  also  reduced  the  difficulties 
of  fabrication  and  erection  so  that  at  the  present  time  the  bascule  is  finding  an  ever- 
increasing  field  of  usefulness. 

There  are  and  always  will  be  conditions  where  the  swing  bridge  can  be  advantage- 
ously used,  but  it  is  no  longer  safe  to  assume  that  the  bascule  is  not  the  cheapest  and 
best  solution  even  where  in  past  years  the  reverse  has  been  the  case.  For  instance, 
in  a  broad  river,  where  approach  spans  are  required  on  either  side  of  the  channel,  it  is 
still  maintained  by  some  that  there  could  be  no  economy  in  anything  other  than  the 
swing.  However,  if  the  water  is  deep  and  the  foundations  difficult,  the  saving  in 
substructure  and  draw  protection  possible  in  the  bascule  may  so  far  outweigh  any 
economy  of  the  swing  in  the  superstructure  as  to  leave  the  advantage  with  the  former. 
The  writer  has  found  this  to  be  the  case  in  several  instances,  notably  at  Green  Bay, 
Wis.,  where  the  river  is  about  1,000  feet  wide,  36  feet  deep,  and  where  firm  material 
in  the  river  bottom  is  overlaid  by  a  strata  of  mud  70  feet  deep.  The  writer  designed 
two  complete  crossings  for  that  city,  iising  in  each  case  a  single-leaf  bascule  of  100 
feet  span,  which  gave  a  lesser  total  cost  than  the  swing. 
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In  general  the  advantages  of  the  bascule  over  the  swing  may  be  summed  up  aa 
follows: 

1.  The  center  pier  and  draw  span  protection  of  the  swing  bridge  are  eliminated , 
These  are  especially  objectionable  in  narrow  channels,  obstructing  the  flow,  while  the 
draw  protection,  if  not  maintained,  causes  damage  to  passing  boats.  In  Chicago 
many  damage  suits  are  brought  in  behalf  of  shipowners  on  account  of  such  accidents. 

2.  Future  addition  of  immediately  adjoining  bridges  or  additional  tracks  on  either 
or  both  sides  of  existing  bascule  bridges  is  obtainable,  which  is  impossible  in  case 
swing  bridges  are  used. 

3.  For  small  vessels  the  bascule  need  only  open  far  enough  to  give  sufficient  vertical 
clearance,  whereas  the  swing  bridge  must  be  opened  fully  in  any  event.  The  reason 
for  this  is  that  the  entire  width  of  navigable  channel  must  be  clear  to  permit  passage, 
which  is  obviously  impossible  if  the  swing  bridge  be  only  partly  opened. 

4.  As  a  corollary  it  follows  that  a  quicker  passage  of  vessels  and  resumption  of 
traffic  results  than  with  the  swing  bridge. 

5.  In  a  double-leaf  bridge  the  bascule  offers  an  effective  barrier  against  highway 
.traffic  going  off  the  roadway  into  the  river,  a  class  of  accidents  common  with  the  swing 

bridge. 

6.  The  bascule  can  be  erected  without  interruption  to  land  or  water  traffic. 

7.  The  bascule  does  not  encroach  on  adjacent  property  or  docks  and  does  not  isolate 
the  operator  from  shore  when  open. 

8.  In  railroad  bridges  mitered  rail  joints  can  be  used  without  the  necessity  of  rail- 
lifting  devices. 

9.  All  stresses  are  statically  determinate;  ordinarily  in  the  swing  bridge  continuous 
beam  action  takes  place. 

The  swing  bridge,  on  the  other  hand,  has  the  advantage  over  the  bascule,  viz, 
where  two  independent  channels  are  required,  or  where  the  foundations  may  be 
as  economical  as  in  a  bascule  or  where  quick  operation  is  not  essential  and 
navigation  infrequent.  This  type  of  bridge,  in  fact,  appears  to  be  capable  of 
greater  development  than  it  has  so  far  undergone,  and  the  writer  has  recently  under- 
taken the  presentation  of  a  new  design  of  the  horizontal  drawbridge  which  it  is 
believed  will  overcome  some  of  the  objections  above  noted,  while  at  the  same  time 
effecting  a  saving  in  cost.  The  limits  of  this  paper  do  not  permit  a  description  of 
this  design,  but  it  may  be  of  interest  to  point  out  one  feature,  namely,  the  use  of 
direct-driven  trucks  instead  of  center  or  rim-bearing  turntables,  these  trucks  being 
similar  to  those  used  on  the  "Aeroscope,"  an  amusement  device  designed  by  the 
writer  and  built  at  the  Panama  Pacific  Exposition  in  San  Francisco  in  1915. 

THB  MODERN  ROLLINa  CONTACT  TYPE  OF  BASCULE. 

The  first  modem  bridge  of  the  rolling  contact  type  was  designed  by  William  Scherzer 
in  1893  for  the  Metropolitan  West  Side  Elevated  crossing  of  the  Chicago  River  (see 
Fig.  11)  and  completed  in  1895.  This  was  followed  by  two  similar  bridges  for  the 
city  of  Chicago,  one  at  Van  Buren  Street  and  the  other  at  North  Halsted  Street.  Wil- 
Uam  Scherzer  died  before  the  completion  of  the  Metropolitan  Railway  bridge  and  a 
considerable  interval  elapsed  before  the  design  was  developed  further.  With  the 
construction  of  the  Sanitary  Canal  of  Chicago  the  question  of  water  flow  and  conse- 
quent removal  of  center  pier  bridges  from  the  Chicago  River  portion  of  the  Sanitary 
Canal  became  a  vital  one.  Meantime  the  design  of  William  Scherzer  had  been  made 
the  basis  of  the  Scherzer  Rolling  Lift  Bridge  Co.,  and  the  first  success  of  the  company 
was  recorded  in  the  construction  of  a  large  series  of  these  bridges  for  the  Sanitary 
District  of  Chicago,  after  which  the  company  entered  into  the  business  of  furnishing 
these  bridges  over  navigable  streams  in  general  with  a  large  measure  of  success  for 
many  years. 
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The  Scherzer  Bridge  is  a  pore  rolling  contact  type  as  distinguished  from  those  forms 
which  use  the  rolling  contact  principle  in  combination  with  other  methods.  The 
vital  feature  of  the  Scherzer  bridge  is  the  segmental  girder,  which  is  the  quadrant 
of  a  circle  and  rests  on  a  horizontal  track  girder  supported  on  piers  at  its  ends.  The 
center  of  gravity  of  the  leaf  is  coincident  with  the  center  of  the  arc  of  the  quadrant 
and  in  the  later  forms  of  the  bridge  this  point  has  also  been  selected  for  the  location 
of  the  operating  pinion.  The  operating  racks  with  which  the  pinions  engage  are 
usually  supported  on  separate  frames  built  outside  of  the  planes  of  the  trusses  or 
girders  of  the  leaf. 

In  operation,  the  segments  roll  back  upon  the  track  girders  with  the  result  that  the 
center  of  gravity  moves  in  a  horizontal  Hne,  eliminating  the  lifting  of  the  weight  as 
a  factor  in  the  power  consumpticm.  In  some  of  the  earlier  bridges,  however,  the  leaf 
is  in  equilibrium  only  at  the  45^  position,  so  that  the  motors  are  required  to  do  work 
against  the  weight  both  in  forcing  the  bridge  down  and  up  from  this  position.  The 
movement  of  translation  in  this  type  involves  the  additional  work  of  moving  the 
entire  load  horizontally  back  and  forth  upon  the  track  girder,  which  is  not  the  case 
in  a  trunnion  bridge.  To  prevent  slipping  on  the  tracks,  teeth  are  provided  engaging 
recesses  in  the  segmental  girders,  the  action  being  similar  to  that  of  the  toothed  seg- 
ment in  the  Lomblardle  bridge,  previously  noted. 

In  the  deck  type  of  Scherzer  bridge  the  point  where  the  fixed  and  movable  floors 
join  (termed  the  break  in  floor)  is  behind  the  center  of  rotation,  requiring  so-called 
''live  load ''  locks.  Furthermore,  as  the  bridge  opens  the  portion  of  the  floor  behind 
the  center  moves  down,  usually  into  a  pit  formed  in  the  substructure.  There  is 
thus  formed  an  opening  between  the  fixed  floor  and  the  floor  of  the  bascule,  which 
has  occasionally  resulted  in  accidents.  As  a  result  of  this  the  city  of  Chicago  insists 
upon  the  fixed  floor  being  carried  over  the  pit  in  its  trunnion  bridges.  The  deck  type 
of  Scherzer  bridge  is  shown  in  figure  11,  already  referred  to.  This  is  a  double-leaf 
bridge,  each  leaf  acting  as  a  cantilever  under  live  load,  anchorage  being  provided  at 
the  tail  end  to  take  the  uplift.  The  through  truss  type  of  bridge  with  the  counter- 
weight overhead  is  indicated  in  figure  12,  being  a  single-leaf  bridge  over  the  River 
Rouge  at  Detroit,  Mich.,  built  in  1914  for  the  Delray  Connecting  Railroad,  a  plant 
railway  owned  by  the  Solvay  Process  Co.  In  this  type  the  opening  in  the  floor  above 
noted  does  not  occur,  and  likewise  the  live  load  anchorage  is  omitted,  this  being 
required  only  in  double-leaf  spans. 

The  River  Rouge  Bridge  differs  from  the  earlier  Scherzer  bridges  in  respect  to  the 
track  detail.  As  constructed  for  15  years,  the  tracks  of  the  segmental  girders  were 
made  of  a  circular  tread  plate,  bolted  or  riveted  to  the  flange  angles  of  the  segmental 
girder.  In  practice  it  was  found  that  the  concentration  of  the  load  on  this  tread 
induced  failure  of  the  connecting  rivets,  and  rapid  deterioration  of  the  flange  plate 
and  the  angles.  An  account  of  this  development  can  be  found  in  the  bridge  engineers' 
report  in  the  1907  messsge  of  the  mayor  of  Chicago,  and  reference  is  also  made  thereto 
in  a  paper  by  Mr.  B.  R.  Leffler,  engineer  of  bridges.  New  Yofk  Central  lines  west 
in  the  March,  1914,  bulletin  of  the  American  Railway  Engineering  Association,  as 
well  as  in  various  other  publications,  American  and  foreign. 

In  the  River  Rouge  bridge  at  Detroit  relief  from  these  troubles  is  sought  in  a  sec- 
tional cast-steel  tread  having  one  straight  face  and  one  curved  face  uid  a  deep  flange. 
This  construction,  which  insures  a  lessening  of  the  overstress  in  these  parts,  was  de* 
veloped  and  patented  by  the  writer  in  1908  after  a  study  of  the  principle  of  the  rolling 
contact,  which  led  to  tJie  conviction  that  a  better  distribution  of  the  stresses  was 
necesiary.  The  writer,  however,  is  not  prepared  to  say  that  this  detail  will  com- 
pletely eliminate  the  difficulties  which  have  so  fsa  manifested  themselves,  but  it 
at  least  will  have  the  effect  of  deferring  their  development  to  some  extent. 

Several  Scherzer  bridges  were  built  in  Cleveland  for  various  railroads,  among  them 
being  the  230-foot,  single-track,  single-leaf  span  over  the  Cuyahoga  River  for  the 
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Flg.l. 
Early  design  without  counterweight. 
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Fig.  6. 
'Wheel"  bridge— 1825. 
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Fig.  2. 
Early  bascule  type,  photographed  in  Amsterdam,  1894 
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Fig.  3. 
Sinusoidal  design,  1816. 
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Fig.  14. 
Roll  bascule  bridge— built  1909.    L.  S.  A  M.  8.,  B.  &  O.  and  Penn.  Rys.,  Indiana  Uarbor. 
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Fig.  17. 
First  Strauss  trunnion  bascule— built  1905.    W.  and  L.  E.  R.  R.  Cuyahoga  Riv.,  Cleveland,  O. 
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BaltimoTe  &  Ohio  RaUroad,  completed  in  1907,  which  has  the  record  length  for  a 
single-leaf  Schenser  bridge.  The  New  York,  New  Haven  &  Hartford  Railroad  built 
a  number  of  Sdierser  bridges  prior  to  1910.  The  longeit  double-leaf,  double-track 
Scherzer  bridge  was  built  in  1901  jdntly  for  the  Sanitary  District  of  Chicago  and  the 
Chicago  Terminal  Transfer  Raiboad  across  the  South  Branch  of  the  Chicago  River. 
The  leaves  act  as  cantUevera  under  live  load.  Renewal  of  this  bridge  is  now  being 
cfHisidered.  The  dty  of  New  York  also  has  several  Scherzer  bridges  in  service,  the 
most  important  of  which  is  the  Vernon  Avenue  Bridge  across  Newtown  Creek,  com- 
pleted in  1905.  In  England  and  her  colonies  several  Scherzer  bridges  have  been  built 
among  these  being  the  225-foot,  double-leaf,  single-track  ndlway  bridge  over  the 
Pamban  Channel,  completed  in  1913. 

The  next  rolling  omtact  type  of  bridge  to  be  developed  was  the  IVige  bridge,  which 
was  also  brought  out  in  connection  with  the  work  of  the  Sanitary  District  of  Chicago, 
the  first  bridge  of  this  type  being  built  across  the  Chicago  River  at  Ashland  Avenue 
lor  the  Sanitary  District  in  1902.  This  structure  is  a  combined  rolling  contact  and 
trunnion  bridge  and  is  illustrated  in  figure  13.  The  main  trusses  turn  on  trunnions 
in  bearings  secured  to  the  pier.  The  leaf  is  counterweighted  by  a  weighted  approach 
span,  one  end  being  pivoted  on  the  abutment,  the  other  end  having  rollers  bearing 
on  a  track  girder  forming  the  tail  end  of  the  main  trusses.  These  track  girders  are  of 
special  curvature,  the  contour  being  determined  by  the  requirement  that  the  moment 
arm  of  the  c5ounterweight  must  decrease  relatively  the  same  as  the  moment  aim  of 
the  leaf.  This  bridge  has  five  floor  breaks  instead  of  three;  these  floor  breaks  them- 
selves have  not  been  found  objectionable  but  the  opening  in  the  floor  has,  and  is  not 
in  accordance  with  the  present  practice  of  the  city  of  Chicago,  as  already  pointed  out. 

An  interesting  feature  of  this  structure  is  its  operation  by  means  of  large  screws 
supported  on  the  approach  girders,  which  act  both  as  driving  means  and  as  brakes. 
Subsequently  to  the  Ashland  Avenue  Bridge  three  additional  Page  bridges  have  been 
built — one,  a  highway  bridge,  at  San  Francisco;  one,  a  double-track  structure,  for  the 
Chicago  &  Alton  Railroad,  at  Chicago;  and  one,  a  single-track  railroad  span,  for  the 
Monon  Railway,  near  Chicago.  In  these  latter  bridges  the  operating  screw  is  replaced 
by  less  unusual  and  more  economical  mechanism.  It  is  worthy  to  note  that  the 
same  trouble  with  the  track  girder  has  occurred  in  the  Ashland  Avenue  Bridge  as  well 
as  in  the  type  just  described.    Since  1907  no  further  Page  bridges  have  been  built. 

The  next  step  in  the  rolling  contact  bridge  is  represented  by  the  Rail  bridge.  In 
this  structure  rollers  are  connected  to  the  girders  or  trusses  at  approximately  the 
center  of  gravity,  these  rollers  being  mounted  on  tracks  similar  to  the  Scherzer  bridge. 
The  rollers,  however,  in  this  case  are  complete  circular  rollers,  and  their  connection 
to  the  girders  is  through  the  medimn  of  a  trunnion,  so  that  as  the  roller  moves  back 
and  forth  on  the  track  the  bridge  itself  is  free  to  turn  angularly.  The  movement  is 
limited  and  controlled  by  a  stmt,  the  office  of  which  is  to  turn  the  leaf  vertically  as 
the  roller  moves  it  back  horizontally.  The  center  of  gravity  in  this  structure  moves 
horizontally  as  in  the  Scherzer  bridge,  and  the  work  to  be  done  in  moving  the  bridge 
back  and  forth  is  the  same  as  in  the  Scherzer  except  that  the  travel  is  not  so  great. 
Operation  is  effected  through  an  operating  stmt. 

The  first  one  of  these  bridges  was  a  deck  span  built  over  the  Miami  &  Erie  Canal  in 
1901  for  the  Pittsburgh,  Port  Wayne  &  Chicago  Railway,  the  length  of  span  being 
only  26}  feet.  The  next  installation  was  a  single-track  deck  bridge  of  larger  span 
but  carrying  interurban  traffic,  built  at  Peoria  in  1907.  After  this  the  Rail  bridge 
was  built  jointly  by  the  Lake  Shore  &  Michigan  Southem  Railway,  the  Baltimore  & 
Ohio  Railroad,  and  the  Pennsylvania  Railroad,  at  Indiana  Harbor,  in  1909,  this  stmc- 
ture  comprising  four  double-track  bridges  of  the  through  truss  overhead  counterweight 
type,  having  a  span  of  86  feet,  illustrated  in  figure  14.  The  largest  Rail  bridge  is 
that  over  the  Willamette  River  at  Portland,  Oreg.,  built  in  1913.  Full  description, 
with  an  instractive  comparison  of  estimated  and  final  cost,  will  be  foimd  in  Engineer- 
ing News  of  October  9,  1913. 
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The  Rail  bridge  poaseases  the  same  feature  as  the  two  other  rolling  contact  bridges 
described,  namely,  that  of  carrying  heavy  concentrated  loads  on  line-bearing  devices. 
The  effect  is  somewhat  heightened,  as  compared  with  the  other  bridges,  for  the  reason 
that  the  diameter  of  the  roller  is  necessarily  limited.  The  original  Rail  rollers  had 
cast  centers  and  separate  steel  tires.  These  were  found  unequal  to  the  work  at 
Indiana  Harbor  and  were  replaced  by  solid  vanadium  steel  rollers.  The  Rail  deck 
bridge  is  analogous  to  Scherzer  in  respect  to  the  opening  in  the  floor,  and  there  is  also 
the  same  effect  on  the  foundations,  resulting  from  the  moving  back  and  forth  of  the 
great  loads  of  the  superstructure. 

The  Rail  and  Scherzer  bridges  have  one  characteristic  in  common,  i.  e.,  the  secural 
of  the  minimum  length  of  span  for  a  given  opening,  except  in  those  cases  where  Rail 
must  use  through  trusses  and  place  the  roller  near  the  upper  chord,  in  which  event 
the  Scherzer  bridge  has  a  slight  advantage  over  Rail  in  respect  to  length  of  span. 
This  gain  in  leaf  length  gave  the  rolling  contact  types  of  bascule  some  advantage  over 
the  plain  trunnion  bridge  in  respect  to  first  cost  for  long  spans,  an  advantage  which 
was  not  overcome  imtil  the  ''heel  trunnion"  design  (hereinafter  described)  was 
introduced. 

THB  MODBBN  FIXED  TRUNNION  TTPB  OF  BASCULE. 

The  beginning  of  the  modem  fixed-trunnion  bridge  really  dates  from  the  design 
developed  and  built  by  the  city  of  Chicago.  Before  this  time,  however— i.  e.,  in 
1893— the  trunnion  bascule  of  the  Tower  Bridge  of  London,  previously  referred  to, 
had  pointed  the  way  to  the  successful  adaptation  of  the  basctile  principle  to  laige- 
span  bridges.  The  Tower  Bridge  was  a  bold  venture,  a  jump  from  the  toylike 
bridges  of  early  days  to  one  which  even  now  is  rarely  exceeded  in  size.  It  is  notable 
not  only  for  this  but  also  for  its  monumental  character  and  remarkable  performance 
record.  Naturally  enough,  however,  it  is  not  designed  along  the  lines  of  the  present 
standard  trunnion  bridge.  Its  engineers  were  properly  conservative,  and  fortunately 
also  they  were  not  limited  in  respect  to  cost.  Consequently  we  find  the  Tower  Bridge 
equipped  with  lead  counterweights,  hydraulic-operating  machinery,  roller  bearings 
for  the  trunnions,  and  other  exceedingly  expensive  refinements.  It  required  some 
time  to  dissipate  the  notion  which  prevailed  after  the  construction  of  this  bridge 
that  these  were  necessary  and  that  the  trunnion  bridge  was  too  expensive  for  general 
commercial  use. 

In  1901,  however,  the  city  of  Chicago,  as  a  result  of  extended  investigations  under 
the  direction  of  the  biu^au  of  engineering,  developed  an  efficient  design  of  tnmnion 
type  of  reasonable  cost,  which,  with  some  variations  and  exceptions,  it  has  built 
ever  since.  The  first  bridge  of  this  type,  placed  in  service  at  Clyboum  Place  and 
completed  in  1902,  is  illustrated  in  figure  15.  While  patterned  after  the  early 
trunnion  bridge  of  Europe,  as  was  also  the  Tower  Bridge,  it  is  simpler  and  more 
direct  in  character.  The  method  of  tnmnion  support  comprises  trunnions  keyed  to 
the  bottom  chords  of  the  trusses  and  symmetrically  supported  in  cast-steel  bearings 
bolted  to  twin  longitudinal  girders  of  uniform  depth  supported  on  the  front  and  rear 
walls  of  the  coimterweight  pit  and  between  which  girders  the  tail  ends  of  the  bascule 
trusses  swing.  The  counterweight  is  made  up  of  cast-iron  blocks  secured  to  the  chords 
of  the  tail  ends  of  the  trusses.  In  the  later  city  designs  (referred  to  hereinafter)  these 
girders  are  of  greater  depth  under  the  trunnion  bearings  where  the  load  is  applied  and 
taper  toward  the  rear  to  permit  a  counterweight  box  to  pass  below  them  and  connect 
rigidly  to  the  tail  ends  of  the  trusses.  These  girders  also  take  the  live  load  uplift 
from  the  bascule  trusses.  The  counterweight  in  the  later  designs  is  pig  iron  with 
cement  grout,  carried  in  the  steel  box,  moving  within  the  water-tig^t  inclosure  in  the 
structure,  above  referred  to  as  the  counterweight  pit.  The  tnmnion  bearings  are 
provided  with  simple  phosphor  bronze  bushings.  The  operating  power  is  electric, 
the  installation  comprising  street-car  motors  and  cast-steel  gear  trtdns  driving  pinions 
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meehing  with  a  pin  rack  in  the  circular  top  chord  of  the  tail  end  of  the  trusBes.  Motors 
and  gears  are  located  in  readily  accessible  inclosnres  beneath  the  roadway  of  the  street 
leading  to  the  bridge. 

All  bridges  built  by  the  city  subsequent  to  the  completion  of  Che  Clyboum  Place 
Bridge  were  practically  of  identical  character,  with  minor  changes  as  noted  above, 
until  the  Washington  Street  Bridge,  completed  in  1914,  was  projected.  This  differed 
radically  in  the  method  of  trunnion  support  as  a  result  of  the  city's  efforts  to  over- 
come  the  limitation  of  the  available  space  for  counterwei^t  imposed  by  the  twin 
supporting  girders  above  described.  By  dispensing  with  the  inside  girder,  the  entire 
space  between  the  bascule  trusses  was  made  available  as  counterweight  space,  with 
the  result  that  sufficient  volume  was  obtained  to  permit  the  use  of  less  iron  and  more 
concrete,  consequently  greatly  lessening  the  cost.  This  was  finally  accomplished  by 
suppc^ting  the  inside  trunnion  bearings  on  a  cross  girder  passing  through  the  bascule 
trusses  and  supported  outside  of  these  tnisses.  This  is  made  possible  by  carrying  the 
chords  of  the  tnisses  above  and  below  the  cross  girder  and  arrangiiig  those  web  mem- 
bers whose  center  lines  intersect  at  the  center  of  the  trunnion  so  that  they  will  not 
foul  the  cross  girder  when  the  bridge  operates.  In  other  w(»ds,  the  form  of  the  rear 
part  of  the  truss  was  changed  from  triangular  elements  to  quadrilateral  elements. 
There  were  also  numerous  other  changes  from  the  original  design,  the  principal  one 
being  the  use  of  a  small  radius  internal  rack  instead  of  a  long  radius  external  rack. 

The  trunnion  supporting  cross  girder  passing  through  the  bascule  trusses  was  first 
employed  by  the  writer  in  the  first  of  his  bridges,  hereinafter  described,  built  for  the 
W.  A.  L.  £.  R.  R.  in  1905,  nine  yean  before  the  Washington  Street  Bridge  was  under- 
taken. Figure  16a  illustrates  and  shows  the  arrangement  of  the  main  truss  members 
and  support  tor  the  trunnion  bearings  for  the  W.  &  L.  B.  bridge  as  designed  and  pat- 
ented by  the  writer,  while  figure  16b  illustrates  the  arrangement  of  the  ccOTesponding 
parts  in  the  Washington  Street  Bridge  of  the  city  of  Chicago.  In  the  writer's  design 
this  construction  is  not  so  essential  for  economy  as  it  is  in  the  Washington  Stieet  Bridge, 
since  considerable  economy  is  due  alone  to  the  pivotal  connection  of  the  counter- 
weight to  the  tail  end,  which  will  be  referred  to  hereinafter. 

The  city  of  Chicago  has  in  service  and  under  construction  7  trunnion  bridges  of  the 
Washington  Street,  or  later,  type  ^  and  12  bridges  of  the  earlier  type,  or  19  in  all.  In 
addition,  the  city  has  built  1  Strauss  bascule,  and  jointly  with  the  sanitary  district 
is  building  another.  The  dty  program  for  the  next  three  years  contemplates  the 
replacement  of  all  the  remaining  center-pier  bridges  with  fixed  trunnion  bascule 
bridges,  which  will  not  only  give  Chicago  the  distinction  of  having  the  largest  nimi- 
ber  of  truimion  bascule  bridges  of  any  one  municipality  but  also  the  largest  aggregate 
of  both  truimion  and  rolling  lift  types. 

Almost  simultaneously  with  the  city  of  Chicago,  the  dty  of  Milwaukee  likewise 
undertook  the  development  of  the  trunnion  bridge  and  really  completed  the  first  of 
its  series  before  the  completion  of  the  Clyboum  Place  Bridge,  in  1902,  at  Chicago. 
These  early  trunnion  types  in  Milwaukee  are  not  nearly  as  large  or  costly  as  the  Chi- 
cago bridges.  They  are  all  deck-plate  girder  spans,  with  tail  ends  swinging  between 
twin  approach  girders  on  which  the  truimion  bearings  are  mounted  and  which  also 
take  the  uplift.  The  counterweights  are  of  cast  iron  rigidly  attached  to  the  tail  ends 
of  the  trusses,  the  supporting  approach  girders  being  spread  enough  to  permit  this. 
The  piers  run  jMurallel  with  the  girders  instead  of  crosswise,  as  in  the  Chicago  bridges, 
and  there  is  thus  a  separate  pit  for  each  counterweight  instead  of  a  single  pit  for  the 
two  counterweights  of  each  leaf  combined  as  in  the  Chicago  bridges.  Nine  trunnion» 
bridges  in  all  have  been  built  by  the  city  of  Milwaukee  and  are  in  active  service. 

Preceding  either  Chicago  or  Milwaukee,  the  independent  efforts  of  Augustus  Smith 
should  be  recorded,    ^e  little  structure  designed  by  him  and  built  over  the  Mott 

1  The  validity  of  the  writer's  patents  covering  this  oonstruotlon  has  Just  been  sostained  by  the  United 
States  ooorts,  which  renders  all  these  later  bridges  bout  by  the  dty  of  Chicago  Infringements. 
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Haven  Canal  at  One  hundred  and  tfairty-fifth  Street,  New  Yoik,  in  1901  ia  a  single 
leaf  deck  bascule  of  30  feet  span,  with  the  characteristic  gooseneck  trunnicm  support- 
ing girders  of  the  early  European  bridges.  The  operating  mechanism  is  unusual  for 
a  trunnion  bridge  in  ^t  the  racks  are  fixed  to  the  inner  walls  of  the  counterwei^t 
pit,  while  the  driving  mechanism  is  on  the  moving  leaf. 

Following  in  the  footsteps  of  Chicago,  the  city  of  Philadeli^iia  built  a  large  double- 
leaf  trunnion  bascule  at  Passyunk  Avenue  in  that  city  in  1911,  and  the  city  of  Seattle 
is  now  building  two  double-leaf  trunnion  bascules  across  the  Lake  Washington  Canal, 
the  two  latter  being  an  exact  copy  of  the  Washington  Street  design  of  the  dty  of  Chi- 
cago and  the  former  being  a  close  copy  of  the  earlier  Chicago  dty  design. 

As  machines,  the  trunnion  bridges  of  Chicago  and  Milwaukee  have  proven  efficient. 
The  dead  and  live  loads  are  fixed  and  concentrated  at  the  trunnion.  The  location 
of  the  break  in  floor  in  front  of  the  trunnion  prevents  the  bridge  from  opening  under 
live  load  independ^itly  of  the  tail  locks  and  keeps  dirt  and  sur&ce  water  out  of  the 
pits.  The  placing  of  the  machinery  on  the  fixed  supports  instead  of  the  moving  leaf 
is  important  from  the  standpoint  of  effici«it  operation.  In  all  of  these  respects  the 
trunnion  type,  in  the  form  developed  by  the  dties  of  Chicago  and  Milwaukee,  repre- 
sents a  distinct  step  toward  the  present  standard  of  safety  and  effidency. 

Aside  from  the  Chicago  and  Milwaukee  designs,  and  one  or  two  isolated  efforts, 
no  attention  was  given  to  the  development  of  the  trunnion  type  during  all  those  years 
when  the  rolling  contact  type  was  being  so  actively  expldted,  and  this  accounts  for 
the  early  preponderance  in  numbers  of  operative  structures  enjoyed  by  that  type. 
Another  disadvantage  under  which  the  trunnion  type  labored  was  the  rather  high 
first  cost  of  the  first  Chicago  and  Milwaukee  bridges. 

High  cost  was,  in  fact,  characteristic  of  all  types  of  bascule  bridges,  due  prindpally 
to  the  use  of  iron  as  counterweight  material,  and  also  in  the  underneath  design  to  the 
necessity  of  deep  pits.  Elimination  of  these  pits  or  frequently  merely  making  them 
shallow,  to  reduce  their  cost,  meant  curtailment  of  the  counterwei^t  arm  and  conse- 
quent increase  of  counterweight  to  a  prohibitive  degree.  As  a  result,  in  1901  the  limit 
of  length  and  weight  of  bascule  spans  and  consequently  the  field  of  usefulness,  though 
greater  than  in  1893,  wh^i  the  Metropolitan  Elevated  Scherser  Bridge  was  built, 
was  still  greatly  restricted. 

In  that  year  the  writer,  who  had  been  associated  with  the  work  on  practically  all 
t3rpes  of  bascules  in  use,  undertook  the  task  of  removing  the  limitations  above  referred 
to  by  selecting  of  the  available  tyi)es  that  which  promised  greatest  efficiency  and  by 
modifying  the  counterweighting  mechanism  in  such  manner  as  to  reduce  the  cost, 
without  sacrificing  effidency.  Determining  upon  the  *' fixed  tnmnion''  type  as  the 
most  dependable,  he  substituted  concrete  for  the  cast-iron  counterwei^ts,  effecting 
at  once  a  saving  in  cost  proportional  to  the  relative  cost  of  the  two  materials.  The 
cast-iron  blocks  employed  up  to  that  time  cost  from  five  to  seven  times  as  much  as 
concrete,  weight  for  wei^t.  It  still  remained,  however,  to  so  arrange  the  construc- 
tion as  to  obtain  dther  a  longer  leverage  for  the  counterweight  or  to  so  dispose  the 
counterweight  as  to  obtain  room  for  the  greatly  increased  volume  required  by  the 
concrete. 

Figure  17,  which  shows  the  W.  A  L.  E.  bridge  already  referred  to,  illustrates  the 
method  employed  to  obtain  these  results.  The  counterweight,  instead  of  being  rigidly 
attached  to  the  moving  leaf,  is  connected  thereto  by  means  of  trunnions  located  at  the 
extremity  of  the  tail  end  of  the  bascule  trusses.  These  counterweigjit  trunnions  are 
located  at  a  point  which  would  correspond  to  the  center  of  gravity  of  the  fixed  counter- 
wdght,  i.  e.,  in  line  with  the  main  trunnion  and  center  of  gravity  of  the  front  end  of  the 
moving  leaf.  The  coimterweight  proper  is  located  above  the  road^roy  and  supported 
on  structural  steel  legs  or  columns  whose  bases  terminate  in  bearings  carried  on  a 
cross  girder  riveted  to  the  ends  of  the  tail  ends  of  the  bascule  trussee. 
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The  counterweight  is  further  supported  by  means  of  a  rigid  member  termed  a 
"counterweight  link/'  one  end  being  pivoted  to  the  counterweight  and  the  other  to 
the  fixed  tower,  forming  the  trunnion  support.  This  link  is  parallel  and  equal  in 
length  to  a  line  joining  the  main  and  counterweight  trunnions  forming  the  so-called 
"parallel  link"  counterweight  system,  which  obtains  through  all  the  various  forms 
of  the  writer's  types  of  bascule.  As  the  bridge  is  operated  the  counterweight  is  thus 
constrained  to  move  parallel  with  its  original  position,  and  so  maintains  the  leaf  in 
equilibrium  at  all  times.  Operation  is  effected  by  means  of  operating  struts  actuated 
by  pinions  driven  by  alternating  current  motors.  (It  is  interesting  to  record  the  fact 
that  this  bridge  is  the  first  bascule  on  which  the  use  of  alternating  current  equipment 
was  attempted,  involving  the  working  out  of  many  new  problems.) 

It  will  be  evident  that  if  the  counterweight  trunnions  are  correctly  located  it  is 
immaterial  where  the  actual  center  of  gravity  of  the  counterweight  mass  is  located. 
It  can  either  be  located  above  the  roadway,  as  just  described,  or  below  the  roadway,  as 
shown  in  figure  19,  without  raising  the  center  of  gravity  (i.  e.,  the  trunnions)  of  the 
structure  as  a  whole.  Where  the  counterweight  is  rigidly  connected,  as  in  all  the 
previous  designs  described,  this  important  latitude  is  not  possible. 

The  result  in  the  case  of  the  W.  &  L.  £.  bridge  was  a  saving  of  approximately 
120,000  in  first  cost  and  the  ultimate  adoption  of  concrete  coimterweig^t  by  all  de- 
signers of  both  bascule  and  Uft  bridges.  Although  thus  first  applied  in  the  overhead 
type  of  bridge  in  1904,  the  pin-connected  concrete  counterweight  was  originally  pro- 
posed by  the  writer  for  the  underneath  counterweight  type  of  bascule  in  1901  in  a 
series  of  plans  which  became  the  subject  of  much  discussion  and  which  later  were 
embodied  in  patent  application  No.  738,954,  applied  for  in  December,  1902,  and  issued 
September,  1903. 

In  that  year,  i.  e.,  1903,  adaptation  of  the  pin-connected  concrete  counterweight 
was  made  in  a  30-foot  Scherzer  bridge  of  the  underneath  counterweight  type  built 
at  Marseilles,  111.,  and  completed  almost  simultaneously  with  the  W.  A  L.  E.  bridge, 
but  not  until  two  years  after  the  completion  and  thorough  demonstration  of  the 
W.  &  L.  E.  bridge  was  the  great  economic  advantage  of  the  all-concrete  counterweight 
recognized  by  the  engineering  profession  in  general  and  universally  adopted  for  all 
types  of  lift  bridges. 

The  W.  A  L.  £.  design,  while  having  rendered  excellent  service  at  Cleveland, 
has  been  superseded  by  later  and  more  economical  forms  which  the  parallel  link 
counterweight  system  has  taken.  One  of  these  is  illustrated  in  figure  18,  which 
shows  the  Gatun  River  Bridge  on  the  line  of  the  Panama  Railroad  in  the  Canal 
Zone,  built  in  1913,  under  plans  furnished  by  the  writer.  This  type  of  structure, 
termed  the  '* vertical  counterweight  type"  is  unique,  having  no  near  parallel  in 
either  early  or  late  designs.  It  has  found  a  large  field  of  xisefulness  in  connection 
with  deck  or  through  girder  and  pony  truss  bridges  becaxise  of  its  compactness 
and  economy.  A  specially  interesting  characteristic  of  this  design  is  the  separation 
of  the  main  girders  and  the  lifting  girders.  The  latter  form  the  bascule  proper,  the 
main  girders  in  this  instance  being  the  original  girders  used  when  the  bridge  was  a 
fixed  structure  and  which  were  simply  coimected  to  the  lifting  girders  to  convert 
the  span  into  a  bascule. 

As  already  indicated,  the  parallel  link  counterweight  is  not  lees  advantageous 
where  the  counterweight  ia  below  the  roadway  than  where  it  is  above.  This  is  dem- 
onstrated in  the  Polk  Street  Bridge,  Chicago— figure  19— a  typical  Strauss  bascule 
of  the  underneath  coimterweight  type,  which  was  found  more  economical  than  the 
early  Chicago  city  design  and  was  consequently  built  by  the  dty  in  1908.  It  has 
a  span  length  of  193  feet  center  to  center  of  trunnions  and  gives  a  clear  channel  of 
140  feet  at  right  angles  to  the  channel.  When  closed  the  leaf  ia  supported  on  the  piers 
in  front  of  the  main  trunnions  at  points  in  the  lower  chords,  which  would  correspond 
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to  the  springing  line  of  an  arch  span.  A  bearing  is  effected  at  these  points  by  means 
of  cast  shoes — one  secured  to  the  truss  and  the  other  anchored  to  the  pier— which 
come  into  contract  when  the  leaves  close.  This  point  is  located  10  feet  6  inches  in 
front  of  the  main  trunnions,  so  that  the  live  load  on  the  leaf  tends  to  lift  the  bridge 
slightly  from  the  main  trunnions  and  the  front  support  thus  becomes  the  fulcrum  for 
the  leaf  and  coimterweight.  The  leverage  from  the  front  support  to  the  main  trun- 
nion or  center  of  gravity  of  the  leaf  obtained  in  this  manner  is  sufficient  to  balance 
the  maximum  live  load  on  the  leaf,  and  the  tail  end  anchorages  are  unnecessary 
except  as  safeguards  for  maximum  loads. 

Each  leaf  of  this  bridge  is  operated  by  two  35-horsepower  electric  motors  actuating 
operating  pinions  which  engage  ciu^ed  racks  on  the  bottom  chords  of  the  tail  ends 
of  the  trusses,  the  machinery  itseelf  being  located  on  an  immovable  platform.  The 
break  in  floor  is  ahead  of  the  trunnions,  thus  securing  the  advantage  of  the  closed  pit 
and  eliminating  live-load  locks.  The^t  itself  is  but  10  feet  deep  as  against  20  feet 
or  more  customary  in  Chicago,  this  being  due  to  the  character  of  the  counterweight 
movement  already  described.  The  link  in  this  design  not  only  guides  the  coimter- 
weight  in  its  movement  but  {^events  its  oscillation  or  swaying  and  also  permits  the 
counterweight  to  be  nonhomogeneous  or  even  eccentric  with  respect  to  its  point  of 
support,  which  makes  it  cheaper  and  easier  to  construct.  This  type  of  pin-connected 
counterweight  requires  a  special  design  of  the  fixed  supports  of  the  bridge  to  provide 
clearance  and  suitable  locations  for  the  machinery,  etc. 

A  fourth  form  of  the  parallel  link  counterweight  system  is  found  in  the  heel  trunnion 
type  of  bascule  already  referred  to,  and  which  was  developed  by  the  writer  to  meet 
the  demand  for  increased  size  and  capacity  of  bascule  bridges,  particularly  for  rail- 
road service.  This  design  is  best  adapted  for  through  truss  bridges,  such  as  illus- 
trated in  figure  20,  showing  the  Northern  Pacific  Railway  bridge  over  Lake  Wash- 
ington Canal  at  Seattle,  Wash. 

A  similarity  will  be  noticed  between  this  design  and  one  of  the  early  bridges  of 
Holland,  illustrated  in  figure  1.  It  will  be  noted,however,  that  in  the  heel  trunnion 
design,  the  tower  supporting  the  counterweight  is  in  the  shape  of  a  right-angled 
triangle,  and  further  the  member  connecting  the  leaf  and  counterweight  is  rigid, 
so  that  it  may  take  compression  as  well  aa  tension  and  is  connected  at  the  hip  of  the 
leaf  tniBs.  It  will  also  be  noted  that  the  trusses  of  the  leaf  and  tower  are  in  the  same 
vertical  plane,  which  is  essential  to  economy. 

One  result  of  this  arrangement  is  the  separation  of  the  counterweight  load  from 
the  leaf — that  is,  the  pier  under  the  vertical  leg  of  the  triangular  tower  supports  the 
counterweight  and  the  pier  at  the  heel  of  the  truss  supports  the  moving  leaf.  This 
decreases  the  concentration  of  the  dead-load  reactions  on  the  trunnions  and  on  the 
foundations,  which  reactions  in  the  large  modem  bridges  reach  enormous  proportions. 
Moreover,  these  dead-load  pier  reactions  are  vertical  and  constant  for  any  position 
of  the  bridge,  an  all-important  advantage.  Other  results  are  the  securing  of  a  large 
angle  of  opening,  the  secure  holding  of  the  bridge  against  wind,  and  the  provision 
of  a  large  volume  (and  consequently  economical)  counterweight. 

It  will  be  evident  from  the  foregoing  that  the  early  designs  in  Europe  referred  to 
did  not  and  could  not  accomplish  these  results,  and  further  that  these  results  were 
not  contemplated  by  the  early  designers .  In  addition  to  the  above  features,  the  design 
also  accomplishes  what  the  rolling  contact  t3rpe  accomplishes,  viz,  maximum  channel 
for  navigation,  with  the  minimum  length  of  span,  obtained  by  locating  the  axis  of 
rotation  in  the  bottom  chord,  while  at  the  same  time  securing  the  additional  advantage 
of  keeping  the  heel  of  the  leaf  always  on  the  pier  top  and  making  the  leverage  of  the 
wind  forces,  when  the  span  is  opened,  a  minimum. 

In  the  earlier  heel  trunnion  bridges  the  machinery  was  located  at  the  hip  of  the 
trusses,  on  the  moving  leaf,  the  operating  pinion  engaging  racks  secured  to  a  built-up 
operating  strut,  one  end  of  which  was  pivoted  to  the  inclined  leg  of  the  counterweight 
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tower.  In  all  the  later  designs  the  operating  strut  is  pivoted  to  the  trusses  at  the 
hips  and  the  operating  machinery  is  located  in  the  portal  of  the  counterweight  tower. 
The  latter  arrangement  is  considered  better  since  the  machineiy  is  secured  to  fixed 
oapports  and  is  usually  under  the  same  roof  with  the  operator  where  it  is  at  all  times 
accessible.  This  also  permits  a  simple  and  direct  connection  for  the  secondary  or 
reserve  power  operation. 

In  the  bridge  illustrated,  as  well  as  in  all  these  later  designs,  an  air  brake  works 
directly  against  the  flanges  of  the  operating  strut.  Heretofore  all  bascule  and  lift 
bridges  had  brakes  located  on  one  of  the  intermediate  shafts  of  the  operating 
machinery,  thus  requiring  machinery  heavy  enough  to  withstand  the  impact  of  the 
braking  force.  In  the  operating  strut  brake  the  machinery  is  relieved  of  this  impact 
and  an  increased  factor  of  safety  is  attained,  since  the  bridge  is  held  independently 
of  gears  and  shafting.  This  design  has  been  patented  by  the  writer  and  applied  to 
both  his  bascule  and  lift  bridges. 

In  the  heel  trunnion  type  the  greatest  advances  in  bascule  construction  so  far  made 
have  been  recorded.  The  longest  single  leaf  bascule  bridge  built  is  a  heel  trunnion 
double-track  span  across  the  Calumet  River  at  South  Chicago  for  the  Baltimore  & 
Ohio  Railroad,  this  structure  being  235  feet  in  length.  A  similar  railroad  bridge  of 
260  feet  length  is  now  being  built  in  Chicago  for  the  Illinois  Central,  the  Michigan 
Central,  the  Chicago  and  North  Western,  and  the  Burlington  Railways  jointly. 
Another  special  application  of  the  heel  trunnion  type  is  the  186-foot  double-deck 
hi^way  and  railway  bridge  on  the  line  of  the  Canadian  Pacific  Railway  over  the 
Kaminlstiquia  River  at  Fort  William,  Ontario.  A  more  unusual  structure  still,  illus- 
trating the  use  of  the  heel  trunnion  type  for  a  double  leaf  simple  span  bascule,  is 
shown  in  figure  21,  this  being  a  single  track  railway  bridge  on  the  line  of  the  Cana- 
dian Pacific  Railway  over  the  New  United  States  Ship  Canal  at  Sault  Ste.  Marie, 
Mich.,  completed  September,  1913. 

For  railway  bridges  the  double-leaf  cantilever  design  with  live  load  anchon,  as 
previously  described,  is  objectionable  on  account  of  the  extremely  heavy  anchorages. 
The  deflection  and  play  at  the  center  of  such  a  span  is  also  a  serious  factor  in  railway 
service  and  spans  of  300  feet  and  over  are  beyond  the  economical  and  practical  limit 
of  a  single-leaf  span.  By  biiilding  two  hed  trunnion  leaves  adapted  to  interlock 
automatically  at  the  center  a  single  simple  span  bridge  is  obtained  of  a  length,  in 
this  Sault  Ste.  Marie  design,  of  336  feet  center  to  center  of  piers.  The  interlocldng 
is  effected  by  a  compression  lock  in  the  upper  chord  and  a  tension  lock  in  the  lower 
chord,  which  are  engaged  and  disengaged  by  the  movement  of  the  leaves  in  the 
process  of  opening  and  closing  the  bridge,  lliis  movement  and  the  expansion  and 
contraction  under  temperature  are  made  possible  by  mounting  one  entire  tower  on 
expansion  rolleis,  which  is  practicable  in  this  type  only  because  of  the  divided  dead 
load  reactions  and  the  vertical  and  constant  character  of  these  reactions.  The  tower 
is  locked  as  soon  as  the  operation  of  the  leaves  is  under  way.  Secondary  locks  for 
the  main  locks  are  also  provided. 

This  bridge,  the  first  of  its  kind  and  the  longest  double-leaf  bascule  and  longer  than 
any  vertical  lift  in  the  world,  has  been  in  service  over  two  years,  during  which  time 
it  has  had  a  great  number  of  openings  and  withstood  higher  winds  than  probably 
any  other,  yet  no  deficiencies  in  the  locking  devices  or  other  troubles  have  developed. 
An  editorial  conmient  on  the  advance  which  this  structure  represents  will  be  found 
in  the  Engineering  Record  of  June  20, 1914. 

The  writer  also  used  the  parallel  link  system  in  a  new  type  of  direct-lift  bridge 
illustrated  in  figure  22,  this  being  a  210  foot  span  over  the  Louisville  and  Portland 
Canal  biiilt  by  the  United  States  Government  in  1915. 

Reference  to  this  structure  is  somewhat  aside  from  the  subject  of  bascule  bridges, 
but  since  the  method  of  counterbalancing  is  so  similar  to  that  employed  in  the  bascule 
the  writer  takes  the  liberty  of  alluding  to  it  in  a  general  way.    The  design  dispenses 
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with  cables  or  chains,  and  is  economical  where  low  vertical  clearance  for  navigation 
is  required  (in  the  design  illustrated  the  travel  in  one  direction  of  the  span  is  40  feet) 
and  where  the  span  is  long.  The  counterbalancing  mechanism  can  also  be  located 
entirely  below  the  roadway  and  inclosed  in  the  piers  when  the  height  of  span  to  be 
lifted  is  very  limited,  for  instance  over  inland  canals.  The  writer  has  designed  such 
a  bridge  for  the  dty  of  Ottawa,  Canada,  over  the  Rideau  Canal  in  which  the  vertical 
travel  of  the  span  is  20  feet.  The  bridge  consists  of  a  center  lift  span  95  feet  long  and 
an  approach  at  either  end  52  feet  6  inches  long  and  when  closed  presents  the  appearance 
of  a  fixed  structure.  The  largest  and  longest  lift  bridge  so  far  proposed  and  now  being 
biiilt,  is  the  Twelfth  Street  Bridge  for  the  City  of  Chicago,  this  structure  having  a 
lift  span  of  240  feet  and  a  vertical  travel  (in  one  direction)  of  100  feet. 

MISCBLLANEOirS  TTPB8. 

In  addition  to  the  principal  types  above  described,  there  have  been  a  number  of 
designs  developed  from  time  to  time  which  have  found  local  favor.  One  of  those  is 
the  Cowing  bascule  at  Cleveland,  Ohio,  which  comprises  a  circular  cradle  on  the 
pier,  a  series  of  rollers  in  the  cradle,  and  a  circular  engaging  girder  on  the  bascule. 
The  bridge  is  a  double  leaf  structure  with  underneath  counterweight,  through 
trusses,  and  has  a  clear  span  of  122  feet.  It  was  built  in  1907  and  is  still  in  service, 
but  has  not  commended  itself  for  further  adoption. 

The  Brown  bridge  is  a  unique  structure,  two  of  which  have  been  built,  one  at  Ohio 
Street  and  the  other  over  the  Buffalo  River  Ship  Canal  at  Buffalo,  N.  Y.  The  design 
embodies  a  bascule  leaf  mounted  on  trunnions  at  the  base  of  a  tall  tower.  A  com- 
pensating girder  of  special  curvature  is  built  out  from  the  top  chord  of  the  leaf  trusses, 
near  the  trunnion  end.  Over  this  girder  run  a  series  of  cables  connecting  to  the  lead 
trusses  at  the  bottom  chord  and  passing  over  sheaves  at  the  top  of  the  tower.  A  counter- 
weight is  attached  to  these  cables.  The  function  of  the  compensating  girder  is  to 
vary  the  puU  of  the  counterweight  on  the  leaf.  The  operating  machinery  at  Ohio 
Street  was  hydraulic;  in  the  second  design  this  was  abandoned  and  an  electrically 
driven  gear  train  and  operating  strut  substituted.  The  action  of  this  bridge  is  similar 
to  the  compensating  counterweight  bridge  described  at  the  outset  of  this  paper  and 
the  design  is  not  therefore  in  accord  with  the  modem  tendency  in  bascule  design 
which  is  away  from  the  use  of  cables  or  flexible  devices  and  hig^  towers. 

At  Vancouver,  British  Columbia,  there  is  a  trunnion  bridge  designed  by  J.  A.  L. 
Waddell,  and  erected  over  False  Creek  in  1909.  This  bridge  is  a  single  leaf  through  span 
of  128  feet,  with  overhead  counterweight.  The  trunnions  are  above  the  clearance  line 
for  traffic.  Their  bearing  surfaces  are  spherical  in  shape  and  are  integral  with  a  cross 
girder  supported  in  castings  located  at  the  top  of  vertical  posts  outside  the  trusses, 
thus  forming  a  single  trunnion  whose  length  is  slightly  greater  than  the  distance 
between  trusses.  The  trusses  are  pivoted  on  the  spherical  surfaces  of  this  trunnion. 
Operation  is  effected  by  cables  passing  over  the  bottom  chord  of  the  tail  end  of  the 
trusses  (which  are  curved  in  the  form  of  circular  arcs)  and  driven  from  a  drum  located 
l^ehind  the  span.  The  bridge  is  rarely  opened  and  the  waterway  it  crosses  is  shortly  to 
be  abandoned  and  the  bridge  removed .    No  other  bridges  of  this  type  have  been  built. 

Many  other  designs  of  bascule  bridges  have  been  proposed  and  some  few  have  reached 
the  point  of  actual  construction.  The  field  has  been  an  inviting  one  to  engineers 
as  will  be  evident  from  the  fact  that  over  100  United  States  patents  on  various  types  of 
bascule  bridges  have  been  taken  out.  At  the  present  time  the  activity  in  developing 
new  types  has  greatly  diminished,  with  the  tendency  more  and  more  to  the  fixed 
trunnion  type  as  the  universal  standard. 

AKSTHETICS  IN  DB8IGN. 

The  Tower  Bridge  in  London  furnishes  the  first  striking  example  of  elaborate 
aesthetic  treatment  in  bascule  bridge  design.  The  bridge  at  Rotterdam  illustrated 
in  figure  10  is  another  example  of  artistic  treatment  without  recourse  to  the  use  of 
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specially  erected  towers.  In  most  of  the  bridges  in  Europe,  notably  municipal  or 
government  structures,  much  attention  is  paid  to  this  feature .  Quoting  from  a  **  Report 
on  Movable  Bridges  as  used  in  Europe"  of  January  1895,  by  George  W.  Rafter,  State 
engineer  of  New  York,  the  following  observation  is  made: 

Nothing  impresses  the  visitor  to  the  European  cities  more  than  the  elegant  appear- 
ance of  the  various  classes  of  bridges.  In  many  places  where  brid^  are  required 
over  canals,  larse  open  spaces  have  been  left,  and  the  bridge,  by  effective  architectural 
treatment,  maae  the  central  point  of  attraction  of  the  open  space.  In  other  cases, 
embankments  and  quays  of  the  most  expensive  character  have  been  constnictea 
along  streams  passing  through  the  towns,  in  order,  largely,  to  give  the  full  architectural 
value  of  the  nver  bridges  as  a  part  of  the  effective  adornment  of  the  town. 

It  is  the  use  of  en^eering  skill  of  this  hig^  order  which  has  made  the  European 
cities  so  far  superior  in  mere  finish  to  our  own;  and  it  is  the  belief  that  an  enli^tened 
public  opinion  wiU  demand  the  use  of  a  similar  class  of  skill  in  the  future  pubhc  works 
of  this  State,  that  leads  to  this  brief  discussion  of  the  artistic  side  of  the  question,  as 
opposed  to  the  mere  utilitarian,  at  this  time. 

As  a  more  recent  example  of  the  attention  given  to  this  subject  in  Europe  figure  23 
illustrates  a  bridge  designed  by  the  writer  for  the  harbor  board  over  the  entrance  to 
the  inner  harbor  at  Ck>penhagen,  Denmark,  built  in  1908.  The  architectural  treat- 
ment was  worked  out  in  detail  by  the  local  authorities,  but  in  selecting  a  design  in 
international  competition  the  writer's  design  was  selected  partly  because  the  arrange- 
ment of  the  counterweight  and  operators'  houses  ftumished  a  natural  means  of  archi- 
tectural treatment. 

In  this  country  the  first  step  in  this  direction  wiU  be  noted  in  a  Strauss  bascule  at 
Oamden,  N.  J.,  completed  in  1908.  Figure  24  illustrates  the  effect  obtained  by  using 
reinforced  concrete  around  the  towers  and  building  the  counterweight  itself  in  the 
form  of  an  ornamental  portal. 

There  is  a  tendency  on  the  part  of  some  engineers  and  others  to  cairy  aesthetic 
treatment  to  extremes.  The  fitness  of  things  should  be  taken  into  account;  for 
instance,  railroad  bridges  are  very  frequently  built  in  manufacturing  districts  or  near 
frei^t  yards  where  absolutely  no  attention  has  been  given,  or  ever  would  be,  toward 
beautifjdng  the  environment,  and  it  would  be  obviously  improper  to  expend  effort 
and  money  in  erecting  an  ornamental  structure  at  such  locations.  In  other  cases 
the  utility  and  safety  of  so-called  inartistic  designs  so  far  outweigh  any  argument  for 
better  outward  appearances  obtained,  as  generally  is  the  case,  by  sacrificing  the 
former  requirements  that  the  demand  for  mere  architectural  treatment  becomes  insig- 
nificant. In  the  United  States  there  is  also  a  disposition  on  the  part  of  some  to  lay 
down  the  law  that  all  highway  bridges  must  be  deck  structures,  whoreas  in  Europe 
the  best  results  have  been  obtained  with  portal  towers. 

CONCLUSION. 

In  this  paper  the  purely  technical  phases  of  the  subject  have  not  been  covered,  the 
writer  confining  himself  to  an  outline  presentation  of  the  various  bascule  types  with 
particular  reference  to  the  modem  forms,  and  especially  those  developed  in  his  prac- 
tice in  this  field  of  engineering.  The  writer's  own  opinions  concerning  the  subject, 
as  a  result  of  his  experiences,  are  also  set  forth. 

The  basis  of  design  of  bascule  bridges  has  been  largely  left  to  the  designers  them- 
selves. Many  engineers  have  considered  that  the  various  general  specifications  in 
use  were  sufficient  to  insure  the  placing  of  various  bascule  types  on  an  equality. 
This  impression  has  now  disappeared,  it  being  recognized  that  no  standard  specifica- 
tion covers  those  parts  special  to  bascule  or  lift  bridges,  namely,  impact  for  the  bridge 
moving,  machinery  design,  safe  loads  on  the  elements  of  movement,  etc.  Since  it 
is  in  these  very  items  that  the  variation  between  the  various  types  occur,  and  since 
these  are  the  items  which  determine  the  relative  cost  of  the  different  types,  the  need 
for  bascule  specifications  as  supplementary  to  ordinary  standard  specifications,  is 
evident. 
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This  need  is  now  partly  supplied  by  the  specifications  of  B.  R.  Leffler,  bridge 
engineer  of  the  New  York  Central  lines  west  and  those  of  J.  £.  Greiner,  consulting 
engineer,  the  former  for  railway  work,  the  latter  covering  also  highway  work.  There 
are  still  some  things  to  be  desired  in  this  respect,  and  the  writer  hopes  to  be  able  to 
submit  a  specification  shcnrtly  which  will  cover  the  work  more  fully.  It  is  believed 
that  the  practice  of  inviting  simultaneous  designs  and  bids  still  adhered  to  by  some 
is  not  in  accord  with  good  practice  as  obtaining  in  other  branches  of  engineering  work. 

Selection  of  the  type  9f  bascule  or  the  bascule  design  is  an  engineering  proposition 
piure  and  simple,  and  must  be  entirely  separated  from  the  contract  for  construction. 
Designs  and  types  should  be  selected  on  their  relative  merits  and  after  this  selection 
is  made  and  ftOl  plans  are  prepared  by  the  successful  contestant,  bids  from  contractors 
should  be  received.  In  no  other  way  can  the  client  be  fair  to  the  designers  and  insure 
the  best  result  to  himself.  The  invitation  sent  out  by  the  Chicago  &  North  Western 
Railway  in  asking  designs  for  their  bridge  at  Deering,  Chicago,  and  by  the  lUinois 
Central  Railway  for  their  bridge  at  Sixteenth  Street,  Chicago,  is  here  submitted  as  an 
example  of  the  best  modern  practice  in  this  respect,  as  follows: 

In  making  a  comparison  and  in  deciding  upon  a  type  of  bridge  to  be  used  the  fol- 
lowing are  some  of  the  points  which  will  be  considered:  (a)  EfOiciency  and  dependa- 
bility^ (6)  facility  and  economy  of  erection,  (c)  liabilty  to  wear^  (d)  first  cost,  (e)  cost 
of  maintenance  and  operation,  (/)  probability  of  accident  by  failure  of  working  parts, 
(g)  liability  to  injury  in  case  of  accident  oar  train  wrecks  or  if  struck  by  vessels. 

As  to  design,  while  the  proper  allowable  stress  on  rollers  and  roUing  girders  has  not 
yet  been  determined,  the  allowable  unit  stress  on  trunnions  has  been  definitely  es- 
tablished. The  average  bearing  load  on  trunnions  for  bridge  moving  is  1,100  pounds 
per  square  inch  running  up  to  2,000  pounds  for  peak  loads.  This  has  been  found  to 
give  satisfactory  results  over  a  long  period  of  yean  in  the  heaviest  service.  In  some 
of  the  first  of  the  modem  heavy  trunnion  bridges,  difficulty  in  lubrication  was  ex- 
perienced under  these  pressures,  but  this  has  been  entirely  overcome  in  the  oiling 
systems  now  in  use  and  which  are  in  accord  with  the  requirements  of  Leffler's  specifi- 
cations, above  referred  to.  As  regards  the  machinery,  the  present  tendency  is  to 
relieve  it  from  shock  by  using  a  brake  acting  independently,  as  referred  to  previously. 
Cut  gears  are  also  coming  into  more  general  use.  The  location  of  the  operating  ma- 
chinery on  the  movable  section  of  the  bridge  is  not  sanctioned  in  Leffler's  specifica- 
tions, and  is  rapidly  passing  out. 

As  regards  the  general  design,  more  consideration  is  now  being  given  and  properly 
so,  to  safety  and  low  cost  of  upkeep.  It  is  no  difficult  task  to  produce  a  movable 
bridge  which  will  oi>erate,  but  that  is  no  longer  enough.  It  is  now  recognized  that 
the  bascule  bridge  is  really  a  machine  and  like  any  machine  the  criterion  is  safety 
and  minimum  upkeep.  In  line  with  this  tendency  the  use  of  flexible  and  fallible 
elements  is  now  discouraged  and  such  features  as  tail  and  front  end  live  load  locks, 
openings  in  the  floor  through  to  the  pit,  etc.,  and  other  means  of  reducing  first  cost 
are  gradually  disappearing. 

There  is  every  indication  that  the  bascule  bridge  is  now  reaching  the  best  stage 
of  its  development  and  that  it  will  attain  ever  increasing  importance  in  our  expand- 
ing industrial  life. 

ADDENDUM.  ^ 

Reference  is  made  on  page  315  to  the  writer's  design  of  direct-lift  bridge.  As  this 
type  was  developed  with  the  object  of  eliminating  the  unsatisfactory  features  which 
in  the  opinion  of  various  engineers  are  believed  to  exist  in  the  cable  type  of  vertical- 
lift  bridge,  the  following  comparison  concerning  the  two  types  of  vertically  lifting 
bridges  is  appended  herewith.  The  cable  design  will  be  referred  to  as  the  ^'vertical 
lift,''  and  the  writer's  design  as  the  ''direct  lift." 

i  Furnished  by  the  writer  after  the  delivery  of  the  paper. 
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(1)  The  direct  lift,  as  the  name  implies,  has  its  component  parts  directly  connected 
by  nonflexible  members.  The  vertical  lift  has  its  component  parts  flexibly  con- 
nected. 

(2)  The  direct  lift  is  economically  and  exactly  balanced.  The  operating  motors 
therefore  are  not  required  to  do  work  against  the  dead  weight  of  any  part  of  the  struc- 
ture. The  vertical  lift  must  employ  the  use  of  expensive  auxiliary  balancing  devices, 
such  as  chains,  to  balance  the  weight  of  the  cables,  which  hang  alternately  on  the 
span  side  and  counterweight  side  of  the  sheaves,  or  else  the  operating  motors  are 
overtaxed. 

(3)  In  the  direct  lift  the  main  elements  of  movement,  the  tninnions,  are  com- 
pletely enclosed  and  protected  from  the  weather,  dirt,  grit,  etc.  In  the  vertical  lift 
the  main  elements  of  wear,  the  cables,  are  exposed  throughout  their  entire  length, 
(in  a  span  of  any  size  and  importance  they  aggregate  a  length  of  2  miles  or  more), 
and  are  difficult  and  expensive  to  inspect  and  maintain. 

(4)  In  the  direct  lift  all  parts  of  the  structure  are  of  equal  longevity,  while  in  the 
vertical  lift  the  life  of  the  cables  is  limited.  In  bridges  infrequently  used  the  cables 
may  assume  a  semipermanent  set  around  the  sheaves  and  when  not  lubricated  will 
rust  into  solid  rods. 

(5)  The  moving  load  in  the  direct  lift  is  supported  at  each  end  of  the  span  in  all 
cases  on  single  tower  posts  and  at  a  lower  point  on  the  post  than  in  the  vertical  lift, 
where  the  moving  load  is  always  concentrated  at  the  extreme  top  of  the  post,  and 
where  in  some  cases  twin  tower  posts  at  each  end  are  required. 

(6)  In  the  vertida  lift,  where  roadways  are  cantilevered  on  brackets  outside  of  the 
trusses,  special  provision  must  be  made  to  prevent  the  span  from  overturning  under 
eccentric  loading.  The  transverse  bradng  between  lifting  members  of  the  direct 
lift  provide  for  eccentric  loading. 

(7)  In  the  vertical  lift  the  operating  machinery  and  house  should  be  placed  in  the 
middle  of  the  span  on  account  of  unequal  stretch  of  the  cables.  In  the  direct  lift 
the  machinery  and  house  can  be  placed  close  to  one  end  of  the  span  on  account  of 
^e  rigid  connections  and  rack  and  pinion  drive.  This  decreases  the  dead-load 
moment  on  the  span. 

(8)  The  use  of  the  counterweighted  levers  permits  support  of  the  span  at  interme- 
diate i>oints,  reducing  the  dead-load  stresses,  which  is  not  possible  with  the  vertical 
Hft,  since  the  span  must  be  supported  at  its  ends. 

(9)  The  method  of  support  referred  to  in  (8)  permits  the  erection  of  the  direct  lift 
in  the  open  position  by  the  cantilever  method  with  minimum  false  work.  In  the 
vertical  lift  exx>ensive  false  work  is  required  for  such  erection. 

(10)  By  reason  of  the  counterweight  lever  device  system  the  direct  lift  can  be  built 
for  low  lifts  with  the  counterbalancing  and  operating  mechanism  entirely  below  the 
floor.    The  same  result  can  not  be  accomplished  as  directly  with  a  vertical  lift. 

(11)  The  vertical  lift  requires  more  power  to  operate,  even  when  the  unbalanced 
weight  of  the  cables  is  compensated,  than  the  direct  lift  because  it  has  in  addition  to 
the  friction  of  the  sheave  journal  bearings  and  cable  equalizing  devices  (which  equal 
the  friction  of  the  trunions  in  the  direct  lift),  the  friction  of  the  cables  on  the  sheaves 
or  drums),  the  bending  of  the  cables  aroimd  same,  the  sliding  friction  of  the  coun- 
terweights, and  the  greater  friction  of  the  guides  for  the  span  itself.  This  latter 
friction  is  greater  in  the  vertical  lift  because  the  cables  which  suspend  the  span  have 
little  or  no  longitudinal  or  transverse  resistance  to  the  wind  whereas  the  stiff  con- 
necting members  and  bracing  in  the  direct  lift  furnish  proper  stability  and  greatly 
relieve  the  friction  on  the  guides  for  the  span,  while  no  g^des  are  required  for  the 
counterweight. 

(12)  Capitalizing  cable  maintenance  and  renewal  and  power  consumption  of  the 
vertical  lift  together  with  its  greater  height  of  towers  and  disadvantages  of  the  dead 
load  support  of  the  main  span,  necessity  of  auxiliary  counterweight  chains,  and  greater 
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cost  of  erection,  it  will  be  foundi  in  most  cases,  where  a  vertically  lifting  bridge  is 
desirable,  that  the  direct  lift  is  mote  economical  to  build  and  use  than  the  vertical  lift. 
Having  hereinbefore  given  a  comparative  statement  relating  to  the  center  pivot 
swing  bridge  and  the  bascule  bridge,  it  will  be  appropriate  to  incorporate  here  a  state- 
ment concerning  the  comparative  use  and  advantages  of  the  bascule  and  the  vertically 
lifting  bridges. 

(1)  There  are  approximately  in  use  or  under  construction  in  this  country  and  Canada 
400  important  bascule  bridges,  while  the  vertically  lifting  bridges  of  consequence 
number  about  50.    Both  types  were  introduced  simultaneously. 

(2)  The  bascule  is  positively  connected  to  the  piers  and  moves  upon  supports 
directly  on  the  masonry.  The  vertically  lifting  bridge  is  supported  high  above  the 
piers,  has  no  positive  connection  to  them  at  any  time  and  in  operation  moves  bodily 
away  from  them. 

(3)  The  mass  of  the  bascule  is  concentrated  near  the  pier  tops.  In  the  vertically 
lifting  bridge  the  combined  mass  of  span  and  counterweight  is  concentrated  at  a  con* 
siderable  height  above  the  pier  tops. 

(4)  The  center  of  side  wind  pressure  in  the  bascule  is  half  as  high  as  in  the  verd« 
cally  lifting  bridge,  important,  when  it  is  remembered  that  the  wind  seldom  blows  in 
a  horizontal  direction,  but  usually  obliquely,  thereby  exerting  a  proportionate  pres- 
sure on  the  horizontal  surface  of  the  floor. 

(5)  The  vertically  lifting  bridge  usually  has  the  operating  machinery  located 
on  the  lift  span.  The  bascule  in  modem  bridges  usually  has  the  operating  machinery 
located  on  a  fixed  part  of  the  structure. 

(6)  The  bascule  movement  being  rotative,  requires  no  g^des.  The  vertically 
lifting  bridge  reqiures  g^des  in  some  designs  for  both  counterweight  and  span. 

(7)  In  the  bascule,  snow,  ice,  and  other  accumulations  are  discharged  automatically 
as  the  bridge  opens;  in  the  vertically  lifting  bridge  they  add  to  the  power  waste, 
imlesB  re'knoved  by  manual  labor. 

(8)  The  time  required  to  pass  a  vessel  through  the  draw  and  resume  toaffic  is  less 
with  the  bascule  than  with  the  vertically  lifting  bridge. 

(9)  The  vertically  lifting  bridge  is  at  a  disadvantage  in  the  matter  of  repairs.  The 
span  must  be  fully  raised  and  all  work  done  high  in  the  air  and  above  water,  which  is 
slow,  dangerous  and  costiy. 

(10)  The  vertically  lifting  bridge  naturally  permits  of  the  use  of  wood  block  pave- 
ment. In  the  bascule  special  provision,  such  as  holding  angles  laid  transversely  at 
intervals  and  secured  to  the  subplanking,  has  been  used  successfully  for  the  past  two 
years  on  all  bridges  where  block  paving  is  required. 

(11)  The  vertically  lifting  bridge  fixes  the  vertical  clearance  for  the  navigation 
requirements  obtaining  when  built  If  built  for  river  traffic,  for  instance,  masted 
vessels  and  ocean-going  steamers  are  barred  or  their  advent  on  such  streams  discouraged 
if  not  restricted,  and  as  a  compliment  to  this  condition  high  towers  may  become 
wholly  unnecessary  should  ocean-going  traffic  change  to  low  craft.  Such  considera- 
tions do  not  enter  at  all  for  the  bascule,  since  it  provides  unlimited  vertical  clearance 
without  in  any  way  increasing  or  decreasing  first  cost. 

BIBLIOGRAPHY. 

1.  Harway  Avenue  Bridge  (Sinusoidal  Type),  New  York.    Proceedings,  Brooklyn 

Engineers*  Club,  vol.  8,  p.  142, 1904. 

2.  Bascule  Bridge  (Sinusoidal  Type)  between  Portsmouth  and  Tiverton,  R.  I. 

Engineering  Record,  February  29,  1908. 

3.  Huron  Street  Bridge  (Schinke),  Milwaukee.    Engineering  News,  April  22,  1897. 

4.  Cruttwell  and  Homfray  on  The  Tower  Bridge  (Trunnion).    Papers  Nos.  2939 

and  2992,  Proceedings  The  Institution  of  Civil  Engineers,  November  10  and 
17.  1896,  London. 


Digitized  by  VjOOQIC 


ENOINEEBINO.  321 

5.  The  Van  Buren  Street  RolHxig  lift  (Scherzer)  Bridge,  Chicago.    Engmeering 

NewB,  February  21, 1896. 

6.  Rolling  Lift  Bridge  (Scherzer)  for  B.  &  0.  R.  R.  at  Cleveland,  Ohio.    Engineer- 

ing NewB,  March  12, 1908. 

7.  Vernon  Avenue  Bascule  Bridge  (Scherzer),   New  Yc^rk  City.    Engmeering 

Hec(»d,  June  27, 1908. 

8.  The  Scherzer  Bridge  over  the  Pamban  Channel.    The  Engineer,   London, 

August  7, 1914. 

9.  The  Ashland  Avenue  Bascule  Bridge  (Page),  Chicago,  111.    Engineering  Record, 

October  10, 1903. 

10.  The  Page  Bascule  Bridge  on  the  Santa  Fe  Improvements  in  San  Francisco,  Cal. 

Engineering  Reccnrd,  BCay  19, 1906. 

11.  Page  Single  Leaf  Double  Track  Bascule  Raihroad  Bridge  over  the  Chicago 

River.    The  Raihroad  Gazette,  June  14, 1907. 

12.  Short  Span  Bascule  (Rail)  Bridge  on  the  P. ,  F.  W.  <fc  C.  Ry.    Engineering  News, 

BCay  25,  1905. 

13.  Some  New  Bascule  (Rail)  Bridges,  PecHia,  111.    Engineering  News,  July  18, 

1907. 

14.  Bascule  Bridges  (Rail)  over  the  East  Chicago  Canal.    Engineering  News, 

March  18,  1909. 

15.  The  Broadway  Bridge  over  Willamette  River,  Portland,  Oreg.,   with  Rail 

Bascule  Span.    Engineering  News,  October  9,  1913. 

16.  Basctde  Bridge  (City  of  Chicago  Type)  over  the  Chicago  River  at  Clyboum 

Place.    Engineering  News,  January  31,  1901. 

17.  IVunnion  Bridge  (Strauss)  for  W.  &  L.  E.  R.  R.  at  Cleveland.    Railway  and 

Engineering  Review,  December  16,  1905. 

18.  The  Bascule  Span  of  the  Passyunk  Avenue  Bridge  (Chicago  Trunnion  Type). 

Engineering  Record,  December  30,  1911;  Engineering  Record,  January  6, 
1912. 

19.  Gatun  River  Bascule  Bridge  (Strauss),  Panama  Railroad.    Professional  Memoirs, 

BCay-June,  1915. 

20.  The  ''Heel  Trunnion"  (Strauss)  Bascule  Bridge.    Engineering  News,  BCay  2, 

1912. 

21.  Sault  Ste.  Marie  Long  Span  Bascule  (Strauss)  Bridge.    Engineering  Record, 

June  20,  1914. 

22.  Direct  lift  Span  (Strauss)  over  Louisville  and  Portland  Canal.    Engineering 

Rec<mi,  August  14,  1915. 

23.  New  Cowing  Lift  Bridge  at  Jefferson  Street,  Cleveland,  Ohio.    Iron  Trade 

Review,  October  31, 1907. 

24.  The  Ohio  Street  Bascule  Bridge  at  Buffalo,  N.  Y.    Engineering  News,  January 

16,  1908. 

25.  Rebuilding  Enipples  Bridge  (new  bridge  Strauss  design).    Paper  by  H.  C.  V. 

Moller,  Journal  of  the  Technical  Society,  Copenhagen,  Denmark,  first  issue 
vol.  31,  1907,  and  Bascule  Bridge  at  Copenhagen  Harbor,  Engineering 
(London),  March  31,  1911. 

26.  An  ornamental  Bascule  Bridge,  Trunnion  Bascule  (Strauss)  across  Cooper's 

Creek  at  Federal  Street,  Camden,  N.  J.    Engineering  News,  February  4, 1909. 

OTHEB  LirERATURE  (OENERAL). 

F.  Baud:  Cursus  over  de  Waterbeuwkunde,  Amsterdam  1838.    i  Vols,  with  plates. 
Handbuch  der  Ingenieurwissenschaften;  vol.  2,  Bridge  Construction;  Leipzig,  1907. 
Waterbeuwkunde;  Section  XIV:  "Bridges"  N.  H.  Henket,  Ch.  M.  Schols,  J.  M. 
Telders,  The  Hague,  1888. 


Digitized  by  VjOOQIC 


322       PEOCEEDINaS  SECOND  PAN  AMEEICAN  SCIENTIFIC  CONGRESS. 

C.  H.  Wrifi^t:  The  Deaigning  of  Draw  Spans,  New  York,  1898. 

L.  Hotopp:  Bewegliche  BrUcken,  Hannover,  1913. 

C.  C.  Schneider:  Movable  Bridges  (Am.  Soc.  C.  E.  Transactions  Vol.  LX). 

Proceedings  of  The  Engineer's  Society  of  Western  Pennsylvania,  February,  1909, 
*  *  Lift  Bridges— A  discussion. ' ' 

J.  £.  Greiner:  Creneral  Specifications  for  Bridges,  part  2,  Philadelphia,  1911. 

B.  R.  Leffler's  Specifications  for  Railroad  Bridges  movable  in  a  vertical  plane. 
Am.  Ry.  Engr.  Ass.  Bulletin  No.  165. 

"Opening  Bridges '*  by  Thos.  C.  Grisenthwaite,  Inst,  of  Civ.  Engrs.  (Glasgow  Asso- 
ciation of  Students)  session  1913-14. 

Bascule  Bridges— The  Engineer  (London)  March  28, 1913. 


OBSERVAaONES  GENERALES  SOBRE  EL  RfiGIMEN  DE  LOS  CURSOS  DE 
AGUA  DE  LA  REPOBUCA  ORIENTAL  DEL  URUGUAY,  DESDE  EL  PUNTO 
DE  VISTA  DE  LA  CONSTRUCaON  DE  PUENTES-SOLUOONES  ADOP- 
TADAS. 

Por  FEDERICO  E.  CAPURRO, 

Profuor  de  PuerUes  de  la  FacuUad  de  Matemdtiau  de  Montevideo,  Uruguay. 

La  Repdblica  Oriental  del  Uruguay  que  por  su  clima  y  condidones  generalee  del 
suelo  brinda  una  explotaci6n  Uudl  y  pr6spera  de  sus  tierras,  poeee  en  cambio  el  sistema 
hidrogr&fico  menos  aparente  para  fttvorecer  el  desarrollo  la  B&\eg8uci6n  interior  y  el 
aprovediamiento  de  las  aguas  con  fines  industriales,  constituyendo  ademis  una  sOTia 
dificultad  a  las  soluciones  francas  de  las  comunicaciones  terrestres. 

Con  frecuencia  se  emiten  juicios  fiivorables  respecto  a  la  multipliddad  de  nuestros 
cursos  de  aguas,  considerando  esta  drcunstanda  altamente  benefidoea  para  el  des- 
arrollo de  la  industria  ganadera.  Es  poeible  que  asi  sea.  Pero  esa  condiddn  natural 
que  tanto  parece  apredarse,  no  es  sine  la  m^  evidente  manifestaddn  de  la  imper- 
meabilidad  del  suelo,  uno  de  los  dos  prindpales  factores  que  determinan  el  regimen 
torrendal  de  la  caai  totalidad  de  los  cursos  de  agua  del  t^ritorio  uruguayo. 

La  impermeabiUdad  del  terrene  es  variable.  La  zona  del  Sudeste,  de  constitud6n 
topogr&fica  montafiosa,  lo  es  en  alto  grade;  la  del  Norte  y  Central  cuyo  suelo  es,  con 
algunas  excepdones,  suavemente  ondtdado,  ee  presenta  con  caracterlsticas  m^ 
favorables,  siendo  la  zona  Sudoeste,  de  suelo  igualmente  ondulado,  la  extensi6n  menos 
impermeable  del  pafs.  En  cuanto  a  la  tiltima  no  es  diffcil  hallar  la  explicad6n. 
Los  departamentoe  situados  al  Sudoeste  comprenden  terrenes  en  los  cuales  la  tierra 
vegetal  adquiere  una  profundidad  considerable,  condid6n  que  apredada  por  su 
influencia  en  la  producd6n,  ha  dado  lugar  a  que  los  campos  de  los  departamentoe  de 
Colonia  y  Soriano  sean  los  m^  codidados.  Sin  embargo,  toda  persona  observadora 
no  dejari  de  notar  la  cantidad  de  molinos  de  viento  instalados  en  aquelloe  campos, 
con  el  objeto  de  extraer  el  agua  para  surtur  los  abrevaderos.  Los  arroyos  y  caftadas 
escasean,  en  los  potreros  faJtan  aguadas,  es  necesario  excavar  pozos  para  elevar  las 
aguas  que  los  ganados  no  encuentran  en  la  superfide. 

A  peear  de  todo,  esas  tierras  son  las  que  han  adquirido  mayor  valoris5aci6n.  La  real!- 
dad  de  los  heohos  eet&  pues  en  contrapoeid6n  con  la  idea  muy  generalizada  respecto  a 
las  ventajas  que  ofrecen  la  multipliddad  de  los  cursos  de  agua.  Las  consecuendas 
de  una  red  tan  cerrada,  por  lo  que  ella  significa  dentro  de  las  diversas  drcunstandaa 
que  dan  origen  al  r^:imen  de  un  rfo,  permiten  llegar  tambi^n  a  conclusiones  poco 
favorables  respecto  a  nuestro  sistema  hidrogr&fico. 

La  intensidad  de  las  Uuvias  constituye  el  otro  factor  primordial.  Los  observatorioa 
metereol6gicos  han  llegado  a  registrar,  redentemente,  predpitaciones  diumas  de 
135  y  150  milfmetros  de  altura. 
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La  acci6n  del  hombre  puede  mejorar  eficazmente  el  i^gunen  de  los  rf os.  La  labranza 
y  las  plantadones,  favoreciendo  la  penneabilidad  del  terreno,  y  los  embalsesi  como 
regulador  de  las  crecidas,  son  medios  de  los  cuales  pueden  obtenerse  grandes  y  positivos 
resultados.  Los  efectos  de  lo  primero  podrin  palparse  muy  pronto  si  la  industria 
agrfcola  persiste  en  el  desarrollo  progresivo  que  acusan  las  estadlsticas  de  los  tiltimos 
alios,  y  en  cuanto  a  lo  segundo,  mucho  m^  importante  por  su  influenda  mayor  y 
mis  directa,  no  ha  side  posible,  desgradadamente,  hasta  ahora,  en  nuestro  pals, 
llevario  al  terrene  de  la  pr6ctica,  a  pesar  de  las  serias  inidativas  surgidas  y  fracasadas 
debido  a  causas  de  cardcter  puramente  transitorio.  Ellas  ban  quedado  latentes  y 
no  tardar&n  en  cristalizar,  dando  lugar  a  la  aplicaci6n  de  la  experienda  recogida  en 
las  numerosas  obras  realizadas  en  los  Estados  TJnidos  de  Norte  Arnica,  obras  que 
por  el  6xito  obtenido,  por  su  importanda  y  la  posible  adaptad6n,  en  sus  Ifneas  genera- 
les,  a  un  medio  que  se  presenta  con  alguna  semejanza,  ofrecen  los  mejores  ejemplos. 

En  resumen,  la  impermeabilidad  del  terrene  y  la  intensidad  de  las  lluvias,  consti- 
tuyen  en  primer  tannine,  las  causas  determinantes  del  regimen  torrencial  de  nuestros 
curses  de  agua,  regimen  m^  o  menos  violento  segtin  el  grade  de  penneabilidad  y 
otros  factores  que,  como  la  pendiente  del  suelo,  la  forma  de  la  cuenca,  la  proximidad 
del  mar,  por  su  influenda  en  las  precipitadones,  etc.,  modifican  aunque  d^bilmente 
las  caracterfsticas  del  regimen  en  las  diversas  zonas  del  pais. 

Las  credentes  de  los  rfos  se  manifiestan,  en  consecuencia,  de  una  manera  r&pida 
e  impetuosa,  debi^ndoee  lo  tkltimo,  m^  que  a  la  veloddad  de  las  corrientes,  que  no 
es  excesiva,  a  la  gran  masa  de  agua. 

Para  dar  mayor  precisi6n  a  estas  comdderadones  dtaremos  algunas  cifras,  estudiando 
el  problema  desde  el  punto  de  vista  general  y  excluyendo  por  lo  tanto  los  casos  par- 
ticulares  que  la  configurad6n  del  terrene  puede  presentar;  no  hacemos  alusidn  a  los 
dos  o  tres  rfos  que,  por  su  importancia,  se  singularizan  especialmente,  ni  a  las  cafiadas 
y  arroyuelos  que  no  afectan  los  problemas  econ6micos,  exceptuando  tambi^n  las 
extenaiones  de  rfos  donde  pueden  ejercer  influencia  ciertos  agentes  tales  como  las 
mareas,  en  las  proximidades  del  mar. 

Pues  bien,  insistiendo  respecto  a  las  grandes  masas  de  agua  que  anrastran  nuestros 
rfos  en  las  credentes,  con  relaci6n  al  gasto  en  los  mementos  normiJes,  llamaremos 
la  atenci6n  sobre  las  diferendas  observadas  en  las  alturas  del  agua  sobre  el  lecho  de 
los  rfos.  Desde  unos  centfmetros  a  que  alcanzan  en  ^pocas  de  estiaje,  se  elevan  a 
12  y  hasta  16  metres  en  las  crecientes,  oscilando  el  m&ximum  de  vdoddad  alrededor 
de  dos  metros  por  8^:undo.  El  gasto  varfa  entre  unos  litros  y  varios  miles  de  metres 
c(ibico6,  sobrepasando  la  relad6n  entre  esos  Ifmites,  la  dfra  4,000  que  se  establece 
generalmente  como  minimum,  para  definir  el  regimen  torrendal.  No  es  extrafio 
observar  un  gasto  aparente  nulo  durante  las  sequfas,  decimos  aparente  porque  puede 
admitirse  la  existencia  de  d^biles  corrientes  subterr^eas. 

Las  credentes  son  de  corta  duraci6n.  Por  lo  general  en  los  rfos,  la  permanencia 
de  la  masa  Ifquida  de  las  creddas  ordinarias,  fuera  del  lecho  menor,  no  excede  de 
cinco  o  seis  dfas.  Normalmente  ellas  se  reproducen  tres  o  cuatro  veces  por  aflo,  dentro 
de  la  e8taci6n  invemal. 

La  configurad6n  de  los  cauces,  respondiendo  al  mismo  regimen,  compHca  a  su  vez 
los  problemas  t^nicos  reladonados  con  las  comunicadones  y  obras  hidrdulicas.  Los 
leches  menores,  refiri^ndome  siempre  a  los  rfos  de  alguna  importancia  y  a  emplaza- 
mientos  m£s  o  menos  equidistantes  de  los  extremes,  miden  alrededor  de  100  metros 
de  ancho  con  ima  altiu*a  variable  entre  5  y  7  metros,  extendi^dose  el  lecho  mayor 
hasta  2  y  4  kil6metros. 

En  tales  condiciones  la  construcd6n  de  puentes  definitives  que  salven  las  crecientes 
miximas  extraordinarias  resulta  onerosa,  no  guardando  siempre  su  costo  re]aci6n  con 
la  importancia  del  trdfico.  La  necesidad  de  limitar  la  altiua  del  remanso  para  e\^tar 
nuevas  extensiones  de  terrenoe  simieigibles,  ya  bastante  peijudicadoe  por  las  crecidas, 
obliga  a  ejecutar  las  obras  con  grandes  desagiies. 
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No  (yLndonos  todavfa  loe  estudios  hidrogr&ficoe,  iniciadoe  hace  poco  tiempo,  valores 
suficientemente  exact06  sobre  el  gasto  de  loe  rfoe,  leproduciremoe  a  contm\iaci6n, 
para  dar  una  idea  m&B  concrete  de  loe  grandee  desagQes  que  erige  el  regimen  de 
nuestroB  rfos,  algunoe  coeficientee  que  hemoe  deducido  rdacionando  las  extensianes 
de  cuencas  tributenae  con  los  deeagflee  superficialee  de  puentee  bien  constniidos,  y 
que  luego,  reclprocamente,  ban  servido  de  base  para  calcular  con  relativa  aproxima- 
ci6n  y  en  los  casos  ordinarios,  aberturas  en  funci6n  de  las  cuencas,  de  acuerdo  con  la 
sencilUsima  f6rmula:  xnBaE,  en  la  cual  el  valor  de  x  se  expresa  en  metros  cuadrados. 
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Teniendo  en  cuente  las  circunstoncias  precitedas,  estos  coeficientes  pueden  variar 
baste  en  un  20  por  ciento  en  m£s  o  en  menos. 

No  debe,  puee,  llamar  la  atenci6n  que  un  puente  situado  a  120  kil6metroB  del  origen 
del  rfo,  haya  requerido  una  longitud  de  650  metroes  importendo  su  construcci6n  un 
desembolso  de  500,000  pesos. 

Estes  cantidades  por  demis  alannantes,  y,  por  otra  parte,  la  reducida  circulaci6n 
que  se  verifica  en  nuestra  campafia,  en  su  mayor  parte  destinada  a  la  explotaci6n 
ganadera,  ban  puesto  de  manifiesto  la  necesidad  de  ballar  soluciones  m&s  econdmicas, 
aunque  no  tan  completas,  que  facilitaran  la  prosecuci6n  de  las  obras  relacionadaa 
con  las  comunicaciones  rurales. 

Dos  fueron  las  adoptadas:  El  puente  elevado  sobre  las  m&B  gra  ^es  crecientes  cono- 
cidas,  dando  desagtie  a  las  crecidas  ordinarias,  con  carreteras  de  acceso  sumergibles 
durante  las  primeras,  fu6  una  de  ellas,  y  el  puente  francament^  ^^-'^^Tgible  en  toda 
crecida  que  desborda  bus  aguas  fuera  del  lecbo  menor,  constitu,         j^funda. 

La  primera  8oluci6n  es  aceptada  en  los  palses  europeos  par?  ^oe  caminos  de  orden 
secundarlo  y  ferrocairiles  de  inters  local.  En  nuestro  pals  bu  aido  apUcada  en  las 
carreteras  pr6xiinas  a  los  centros  poblados,  pero  resulte  adn  gravoea  para  los  caminos 
alejados  de  las  ciudades  y  pueblos,  donde  el  inters  de  un  tr&nsito  escaso,  traducido 
en  ntimeros,  estd  muy  por  debajo  del  que  correeponde  al  capital  Invertido. 

Estas  conslderaciones  ban  impuesto  la  segunda  8oluci6n,  cuyo  resultado  no  puede 
baber  side  m&B  satisfactorlo.  Clerto  es  que  loe  eervidoe  que  preetan  loe  puentes- 
eumeigiblee  eon  inferioree,  deede  que  el  trifico  queda  interrumpido  tree  o  cuatro  vecee 
por  alio,  durante  loe  cinco  o  seis  dfas  que  las  crecientes  cubren  la  obra,  pero  este  in- 
conveniente  que  a  primera  viste  puede  impresionar,  pierde  su  importancia  en  cuanto 
se  advierte  que  adem^  de  la  poca  circulaci6n,  las  industrias  que  utilisan  el  puente, 
no  tienen  exlgencias  en  cuanto  a  la  rapidez  de  las  comunicaciones  en  mementos  de- 
tenninados. 

Su  costo  no  admite  comparaci6n.  A  una  distancia  de  doedentoe  metroe  del  puente 
mencionado,  de  use  exclusive  del  Ferrocarril  Central,  cuyo  presupuesto  se  elev6  a 
quinientoe  mil  peeoe,  fu6  ejecutado  en  el  afio  1903  otro  sumeigible  para  carretera,  de 
ciento  veinte  metroe  de  largo,  importando  su  construccidn  la  suma  de  veintiocbo  mil 
peeoe,  cantidad  inferior  a  la  diecisieteava  parte  de  la  predtada.  Y  deede  entoncee 
vlene  prestando  servidoe  invalorablee,  sin  que  baste  abora  el  publico  ee  baya  mani- 
feetado  impadente  por  mejorar  las  condidonee  de  la  obra.  Llegar&,  sin  embargo,  ese 
memento,  en  el  cual  el  incremento  del  tr&fico  justificari  la  necesidad  de  efectuar  una 
con8trucci6n  nueva,  pero  ya  el  importe  de  loe  intereeee  economizadoe  y  correspon- 
dientes  a  un  capital  no  invertido,  sumadoe  a  loe  gastoe  de  conservacidn,  tambi^n 


Digitized  by  VjOOQIC 


i 

S 

Si 

> 


I 

2 


t 

a 
§ 

3 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


EKGINEEBINO.  325 

ahofrados,  habr&n  cubierto  con  creces  el  pequefio  desembolso  hecho,  deeembolso  que 
en  algunoe  caaos  ha  aide  inferior  al  monto  de  eeoa  interesea  y  gaatoa  por  el  tannine  de 
unsoloafio. 

Ea,  puea,  por  demia  evidente  que  laa  ventajaa  que  ofrece  la  e^guridad  de  una  drcu- 
laci6n  pennanente,  eetto  lejoe  de  reclamar  en  nueataro  pais,  por  algtin  tiempo,  aacri- 
ficioB  como  loe  que  ezigiila  la  conatrucddn  aiatemitica  de  puentea  definitivos. 

Laa  maderaa  duraa  del  Paraguay,  quebracho  y  curupay,  fueron  loa  materialea  em- 
pleados  en  la  conatruccidn  de  loa  primeroa  puentea  aumeigiblea.  Mib  taide  ae  adopt6 
el  acero  y  hoy  ae  conatniyen  tambi^  de  cemento  annado.  £1  tLpo  de  obra  no  ha 
yariado.  La  conveniencia  de  oixmer  poca  reaiatencia  a  laa  corrientee  y  la  de  dar  el 
mayor  airaigo  poaible  a  la  obra,  ha  impueato  loa  tramoe  rectoe  aencilloa  de  dnco  a  echo 
metroB  de  luz,  aobie  paliiaidaa  conatituidaa  de  varioa  pilotea  bien  anrioatradoa  y  per- 
fectamente  hincadoa  en  el  teneno.  £1  tableio  varia  entire  5  y  6  metroe  de  ancho  y 
eati  proviato  de  barandaa  plegadiaaa  que  ae  doblan  aobie  el  plao  cuando  aobrevienen 
laa  credentee,  para  evitar  reaiatenciaB  y  la  detenddn  de  cuerpoa  flotantea  aobie  el 
puente.    Loa  afirmadoa  ae  conatniyen  de  madera,  hoimigdn  o  aaCalto. 

Hemoe  Tiato  redentonente  publicado  en  la  reriata  Engineering  Newa,  un  artfculo 
retoente  a  obraa  aemejantea  que  reaponden  a  iguales  piopMtoa.  Tienen  aplicaci^ 
en  el  Eatado  de  Tetaa  y  ae  les  deaigna  con  el  nombra  de  "puentea  de  mareaa  bajaa, " 
aiendo  aua  piopordonea  macho  mfm  modeataa.  Su  altura  oadla  alrededor  de  un  metro 
con  50  centimetroa,  y  aon  mia  bien  comparablea  a  loa  badenea  con  deaagtiea,  obraa  de 
carictagproviaoriomuydifaiididaa€apiiaatiacampafta,peroaQloadiytabtoa  a  peque- 
ik)B  curaoa  de  agua. 

Ea  de  todaa  maneraa  muy  aatiafactorio  hacer  notar  eata  coincidencia  de  ideaa,  que 
robuatece  laa  conaideradoneB  que  hemoa  vertido  en  eata  brave  ezpoaicidn. 

Adjoununent. 

6848&— 17— to;  fl 21 
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JOINT  SESSION  OF  SUBSECTION  3  OF  SECTION  m  AND 
SUBSECTION  3  OF  SECTION  V.' 

Raleigh  Hotel, 
'Wedm,e9daAi  afternoon,  December  £9, 1916. 

Chairman;  John  B.  Whitehead. 

Paper  presented  by  Section  III,  Subsection  3: 
M6moire  sur  la  houille  blanche  au  Br^  et  ses  applications,  by 
Luiz  Betim  Paes  Leme. 
Paper  presented  by  Section  V: 
Hydroelectric  utilization  at  Niagara,  by  Maurice  Deutsch. 


i  Papen  and  r^MTtofiMrifln  printed  in  TchuaemCPaiMnofSeGttooin)  of  the  Proceedings  o(  Um 
Second  Pan  Amwioan  Sdentiflo  Congrees. 
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SESSION  OF  SUBSECTION  1  OF  SECTION  V. 

Raleigh  Hotel, 
Thursday  morning j  December  SO,  1915. 

Chairman,  E.  L.  Cobthbll. 

The  session  was  called  to  order  at  9.30  o'clock  by  the  chairman. 

The  Chairman.  The  first  paper  this  morning  is  on  the  "Scientific 
work  of  the  Corps  of  Engineers,  United  States  Army/'  by  Col.  E.  E. 
Winslow,  Corps  of  Engineers,  United  States  Army. 

Col.  Winslow.  Gentlemen,  this  paper  is  presented  mainly  to  ex- 
plain to  all  persons  present,  especially  to  those  from  the  Latin 
American  countries,  the  scope  of  the  engineering  work  of  the  United 
States  which  comes  under  the  jurisdiction  of  the  Corps  of  Engineers 
of  the  United  States  Army. 

THE  WORK  OF  THE  CORPS  OF  ENGINEERS,  UNITED  STATES  ARMY. 

By  E.  EVELETH  WINSLOW, 
lAeuterunU  Colonel^  Corp%  of  Engineen,  United  States  Armif. 

The  duties  of  the  Corps  of  Engineersi  United  States  Anny,  include  both  military 
work  and  civil  work.  The  line  between  these  two  classes  of  work,  however,  can  not 
always  be  strictly  drawn,  as,  in  many  cases,  work  designed  primarily  for  military 
purposes  becomes  of  great  value  for  civil  uses,  and,  on  the  other  hand,  much  of  the 
dvil  work  done  by  the  corps  would,  in  time  of  war,  become  of  inestimable  value  in 
military  operations,  and  such  possible  military  need  should  be  kept  in  view  both  in 
designing  and  in  carrying  out  such  dvil  work. 

The  military  work  of  the  Corps  of  Engineers  consists  in  general  of  fortification  design 
and  construction,  and  of  what  may  be  classed  as  field  engineering.  The  fortifications 
are  of  two  general  types:  Permanent,  such  as  those  constructed  in  time  of  peace 
for  seacoast  and  land  defense;  and  field  fortifications  that  are  constructed  in  connec- 
tion with  actual  military  operations  in  the  field  or  in  connection  with  the  sieges  of 
dties  or  camps.  Field  engineering  comprises  the  construction,  repair,  maintenance, 
or  destruction  of  military  roads,  railroads  and  bridges,  the  operation  of  military  rail- 
roads, military  reconnaissance  and  surveying,  military  mining,  military  demolitions, 
and  battlefield  illumination. 

The  dvil  work  relates  prindpally  to  the  improvement,  maintenance,  and  protec- 
tion for  navigation  purposes  of  rivers  and  harbors,  but  this  necessarily  involves  much 
work  in  connection  with  the  allied  subjects  of  flood  control,  land  reclamation,  and 
power  development.  It  includes  also  the  survey  and  issuing  of  charts  of  the  Great 
Lakes.  The  Corps  of  Engineers  has  assigned  to  it,  in  addition,  much  mimicipal  en- 
gineering and  road  work,  especially  in  the  District  of  Columbia,  or  in  our  national 
parks;  it  constructs  and  takes  care  of  a  large  number  of  national  monuments,  and 
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has  had  assigned  to  it  from  time  to  time  much  other  important  work,  such  as  the 
raising  of  the  battleship  Maine^  and  the  work  done  by  its  officers  on  the  Panama 
Canal. 

These  various  duties  cover  a  wide  range  of  civil,  mechanical,  and  electrical  engi- 
neering, and  involve  necessarily  a  working  knowledge  of  the  economics  of  trans- 
portation. 

It  is  the  purpose  of  this  paper  to  outline,  in  general,  the  work  of  the  Engineer  Depart- 
ment of  the  Army,  drawing  particular  attention  to  the  inindpal  engineering  features 
which  are  peculW  to  its  special  work,  rather  than  thoee  ordinarily  met  with  in  engi- 
neering practice  in  the  United  States. 

First,  it  might  be  well  to  show  the  extent  of  the  engineering  operations  of  the  depart- 
ment. For  instance,  during  the  past  year  (1914)  the  department  expended  for  all 
public  works  about  $49,000,000,  of  which  52  per  cent  was  for  work  done  by  contract, 
and  about  48  per  cent  for  work  done  by  hired  labor.  Of  the  total  expenditures  some- 
thing more  than  half  was  l<x  dredging  or  similar  excavation.  The  aggregate  amount 
removed  or  under  contract  during  the  year  1913  was  about  213,000,000  cubic  yards. 
This  amount  of  material  exceeds  the  entire  excavation  in  the  Panama  Canal  and  rep- 
resents a  prism  about  45  feet  wide  and  9  feet  deep,  extending  from  New  York  on  the 
Atlantic  coast  to  San  Francisco  on  the  Pacific  coast. 

There  is  employed  by  the  Engineer  Department  a  hired  labor  fcnrce  of  about  25,000 
men,  and  this  figure  does  not  include  the  employees  of  contractors,  working  under  the 
supervision  of  the  Corps  of  Engineers,  or  the  enlisted  strength  of  the  Engineer  troops 
of  the  Army. 

FORTIFICATION  WOBE. 

In  such  a  brief  paper  as  this,  it  is  impossible  to  outline  the  many  interesting  engi- 
neering problems  involved  in  the  design,  location,  and  construction  of  seacoast  forti- 
fications and  other  accessories. 

In  the  first  place,  it  should  be  pointed  out  that  reliability  is  a  much  more  impcNrtant 
element  in  the  different  features  of  fortifications  than  in  civil  life.  Thus,  if  an  electric 
plant  in  a  city  ceases  to  operate  for  an  hour  or  so,  the  result  is  generally  but  little  more 
than  a  temporary  inconvenience,  with  perhaps  some  small  financial  loss;  whereas, 
the  failure  of  any  of  the  elements  of  a  fortification  to  work  for  even  a  few  minutes  may 
result  in  the  loss  of  a  battle  or  in  some  other  overwhelming  disaster. 

Elaborate  and  often  duplicate  or  alternate  installations  In  fortification  works  are, 
therefore,  often  needed  to  insure  effectiveness  and  reliability,  and  these  must  be 
planned  with  care  and  deliberation.  Duplicate  sources  of  electric  power  are  ordi- 
narily provided  for  a  battery,  so  that,  in  case  of  a  failure  in  the  centnd  plant,  or  in  the 
connections  therewith,  a  change  may  at  once  be  made  to  a  local  reserve  source  of  power. 
Arrangements  must  also  be  made  so  that,  in  case  of  a  complete  failure  in  all  sources  of 
power,  it  may  still  be  possible  to  operate  the  mechanism  of  a  battery  by  hand  power, 
though,  of  course,  at  the  cost  of  great  expenditure  of  labor,  and  decreased  speed  of 
service. 

The  design  of  seacoast  defenses  involves  especially  a  knowledge  of  all  the  features 
affecting  the  penetration  of  projectiles  into  earth,  concrete,  or  metal,  and  of  the  effect 
of  the  explosion  of  such  projectiles,  either  on  the  surface  or  within  the  mass  of  earth 
or  concrete.  Such  knowledge  is  obtained  by  a  careful  compilation  of  all  data  that 
can  be  obtained  as  to  the  actual  results  of  operations  in  war,  and  in  addition,  extensive 
tests  have  been  made  from  time  to  time  to  determine  the  effects  of  the  penetration  or 
the  bursting  of  projectiles  against  or  in  parapets. 

Another  feature  greatly  influencing  the  design  of  batteries,  and  especially  the  con- 
struction of  buildings,  machinery,  doors,  and  windows  in  the  vicinity  of  gun  emplace- 
ments is  the  concussion  or  blast  effect  resulting  from  firing  large  guns.  In  this  con- 
nection, extensive  measurements  and  studies  have  been  made  of  the  blast  effects  in 
many  different  locations  and  under  many  different  conditions. 
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Another  intereetiBg  x^oblem  is  the  prevention  of  dampnees  in  the  magazines  and 
other  rooms  necessarily  constructed  within  the  protection  of  thick  masses  of  concrete. 
Irregular  settlement,  due  to  the  unsatisfactory  foundation  conditions  in  some  of  the 
locations  in  which  it  is  necessary  to  build  batteries,  and  the  exposure  of  the  surface 
of  the  concrete  to  the  changing  temp«»ture  conditions,  while  the  interior  mass  of 
the  concrete  changes  its  temperature  but  slowly,  have  frequently  resulted  in  settle- 
ment or  temperature  cracks,  which  have  rendered  it  difficult  to  prevent  the  entrance 
into  the  magasine  of  watos  coming  from  the  exterior.  Means  to  overcome  these 
difficulties  have  been  developed,  but  experience  has  shown  that,  in  general,  the  chief 
cause  of  the  moisture  in  magazines  is  condensation.  Much  study  has  been  given  to 
this  subject,  and  many  investigations  have  been  made  which  have  resulted  in  the 
introduction  of  complicated  means  of  preventing  dampness  from  this  cause,  such  as 
double  walls,  air  spaces,  artificial  ventilation,  and  temp«»ture  control,  and  in  some 
cases  the  actual  warming  up  of  the  batteries. 

In  connection  with  the  subject  of  cracks  in  concrete,  much  study  and  investigation 
has  been  given  to  the  introduction  in  large  concrete  masses  of  "suilaces  of  weakness," 
so  located  to  insure  that  when  cracks  do  occur  they  will  be  in  locations  where  they  will 
do  no  damage,  and  where  any  moisture  which  may  seep  in  through  the  cracks  can  be 
readily  disposed  of  without  trouble  or  injury. 

In  connection  with  the  construction  and  design  of  seacoast  fortifications,  the  Engi* 
neer  Department  is  assigned  the  duty  of  designing  and  installing  all  fortification  power 
plants  and  the  illuminating  and  power  systems  of  the  battery  and  accessory  defenses. 

The  Engineer  Department  also  designs  and  installs  all  appliances  relating  to  night 
illumination  of  seacoast  areas  contiguous  to  seacoast  defenses,  including  the  search- 
lightB  themselves,  the  power  plants,  and  the  omnecting  cables.  In  connection  with 
this  searchlight  illumination,  much  valuable  experience  has  been  had  and  many 
valuable  experiments  have  been  made  in  attempts  to  improve  such  li^ts  and  increase 
the  illuminating  power. 

FIBLD  BNOINBBBINO. 

In  the  military  op«»tions  of  an  army  in  the  field,  very  different  conditions  obtain 
from  those  usually  accompanying  similar  operations  in  time  of  peace.  Transportation 
is  scarce,  and  it  is  ,therefOTe,  necessary  to  restrict  the  tools  and  materials  to  be  carried 
to  the  very  minimum.  Labor,  however,  is  usually  abundant,  rendering  a  resort  to 
machinery  less  necessary  than  is  usuaUy  required  from  reasons  of  economy  in  dvil 
construction  work.  Rapidity  of  operation  is  vital,  but  permanence,  except  for  a  very 
brief  period,  is  usually  of  but  little  importance.  It  is  for  operations  under  these 
special  conditions  that  Engineer  troops  must  be  specially  trained. 

In  general  the  methods  adopted  at  the  front  of  an  army,  in  road,  railroad,  and  bridge 
work  consist  of  the  simplest  possible  adaptation  of  the  standard  engineering  methods. 
The  repairs  to  roads  must  usually  be  made  hastily  and  with  material  which  may  be 
obtained  in  the  immediate  vicinity.  For  hasty  bridging)  the  army  carries  its  own 
pontoon  equipage,  which  is  often  of  the  most  vital  importance  in  time  of  war.  The 
saving  of  time  which  results  in  carrying  such  equipage  is  shown  by  an  instance  in  the 
Oivil  War  when  the  ponton  material  was  unloaded  from  wagons  and  a  bridge  160  feet 
long  was  completely  constructed  all  in  35  minutes.  After  the  passage  of  the  troops  the 
bridge  was  taken  apart  and  loaded  on  wagons,  and  in  35  minutes  the  bridge  train 
was  ready  to  continue  the  march  behind  the  troops.  A  trestle  under  the  same  con- 
ditions would  have  required  from  9  to  24  hours  for  completion.  The  bridge  equip- 
ment of  our  Army  to-day  is  kept  always  ready  for  service,  and  our  Engineer  troops  are 
thoroughly  trained  in  the  construction  and  operation  of  ponton  bridges.  The  troop» 
are  trained  also  in  the  hasty  construction  of  spar  and  trestle  bridges  where  material  i» 
available. 
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Well  in  rear  of  the  head  of  the  Army,  the  repair  and  construction  of  roads  and 
bridges  can  be  proceeded  with  somewhat  more  leisurely,  and  such  operations  re- 
semble much  more  closely  those  usual  in  civil  work. 

Another  subject  specially  developed  in  the  Army  is  field  sketching,  consisting  of 
mapping  done  on  small  portable  sketching  cases  by  a  system  of  surveying  based  gen- 
erally on  the  plane-table  method.  It  has  been  made  very  simple  and  rapid,  and  at 
the  same  time  has  been  so  systematized  as  to  give  extraordinarily  good  results  con- 
sidering the  time  employed.  The  sketches  made  by  different  surveyors  are  com- 
piled in  the  camps  into  maps,  which  are  rapidly  printed  and  distributed  to  the  Army. 

In  addition  to  this  rapid  field  sketching,  Engineer  troops  are  trained  in  the  making 
of  accurate  topographic  and  hydrographic  surveys.  Much  accurate  work  of  this 
character  has  been  done.  Some  of  these  surveys  have  been  of  comparatively  limited 
areas  with  contours  as  dose  as  2-feet  intervals,  and  others  of  laige  areas  such  as  the 
Island  of  Oahu  contoured  to  10  or  20  feet  intervals. 

Military  demolition  also  is  a  special  subject.  The  use  of  explosives  is,  of  course, 
common  in  engineering  practice,  but  in  war  the  kinds  of  destruction  desired,  and  the 
conditions  under  which  it  is  done,  are  very  special.  The  manipulation  of  the  ex- 
plofflve  is  the  same,  but  the  size  and  application  of  the  charges  require  special  knowl- 
edge. Similarly  in  military  mining,  the  tunneling  is  wmilftr  to  that  done  in  all 
mining  operations,  but  the  offensive  employment  of  military  tunneling  is  a  very 
important  problem  of  military  engineering. 

The  development  of  means  for  illuminating  battle  fields  by  searchlights,  flares,  and 
other  expedients  is  another  subject  on  whidi  expoimental  work  has  been  done  by 
the  Corps  of  Engineers,  in  attempts  to  adapt  commercial  products  to  military  needs. 

It  should  be  remarked  that  the  features  of  engineering  just  outlined  require  an  ex- 
tensive knowledge  of  ordinary  engineering  practices,  in  addition  to  a  special  mili- 
tary knowledge,  and  this  explains  the  great  value  to  the  military  engineers  of  ex- 
tensive experience  in  civil  work  in  time  of  peace,  when  the  practice  of  military  engi- 
neering as  used  in  war  is  usually  not  possible. 

CIVIL  WOBK. 

Of  the  civil  work  that  devolves  upon  the  Corps  of  Engineers,  by  far  the  larger  part 
relates  to  rivers  and  harbors,  and  the  civil  work  will,  therefore,  be  discussed  under 
the  two  general  heads,  ''River  and  harbor  work"  and  ''Miscellaneous  civil  work.'' 

RIVER  AND  HARBOR  WORK. 

Since  the  inception  of  the  improvement  of  our  rivers  and  harbors  by  the  Federal 
Government,  practically  all  work  of  this  character  performed  by  the  Federal  Gov- 
ernment has  been  assigned  by  Congress  to  the  Engineer  Department  of  the  Army. 

The  river  and  harbor  work  comprises,  first,  preliminary  investigations  as  to  the  ad- 
visability of  improving  certain  waterways;  next,  the  surveys  for  the  preparation  of 
plans  for  carrying  out  the  improvement,  and  the  preparation  of  estimates  of  the  cost 
of  the  work;  and  later,  when  appropriations  have  been  made  by  Congress,  the  actual 
operations  liiemselves.  In  some  cases  the  work  is  actually  carried  on  by  hired  labor, 
while  in  other  cases  it  is  done  by  contract,  under  close  supervision  of  the  officers  and 
employees  of  the  Engineer  Department. 

The  first  step  in  this  work,  the  preliminary  investigations  as  to  the  advisability  or 
feasibility  of  improvement,  requires  considerable  knowledge  .and  study  of  the  eco- 
nomics of  commerce  and  transportation.  The  preparation  of  plans  and  methods  of 
improvement  requires  a  thorough  working  knowledge  of  available  engineering  meth- 
ods, and  their  relative  advantages  and  disadvantages  under  certain  conditions.  The 
actual  carrying  out  and  supervision  of  the  operations  involve  many  important  ques- 
tions of  administration. 
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Of  course,  a  laige  proportion  of  the  vmrious  pr(>ject8  iat  liver  and  harbor  work  in- 
volves engineering  features  of  a  very  common  character  only,  but  in  many  cases  the 
unusual  conditions  under  which  the  work  has  to  be  done  or  the  magnitude  of  the 
forces  of  nature  which  have  to  be  contended  with  have  presented  new  and  difficult 
problems. 

Thus,  in  the  regulation  of  the  great  western  rivers,  the  very  unstable  character  of 
the  beds  and  banks,  the  magnitude  of  the  flood  discharges  as  compared  with  the  small 
low-water  flow,  and  the  great  changes  produced  in  the  regimen  of  the  rivers  by  appar- 
ently minor  causes,  have  presented  very  complicated  problems. 

In  connection  with  this  work,  there  have  been  developed  by  actual  experience 
efficient  methods  of  bank  protection,  channel  control,  and  levee  construction.  Im- 
im>vement  in  these  features  or  reduction  in  their  cost  is  an  object  of  constant  study  of 
the  department.  Among  the  most  recent  developments  in  this  connection  is  the 
application  of  concrete  to  subaqueous  bank  protection  and  of  machines  to  levee  con- 
struction. 

In  the  progress  of  such  work  much  study  and  investigation  has  necessarily  been 
given  to  the  subject  of  the  relation  between  river  discharges  and  gauge  readings,  to 
the  hydraulics  of  stream  flow,  especially  as  related  to  the  action  of  currents  upon  the 
unstable  beds  and  banks;  and  in  our  tidal  streams  and  estuaries  to  the  influence  of 
the  tides  on  gauge  readings  and  stream  flow. 

Much  of  the  work  on  waterways  has  been  in  the  canalization  of  rivers  or  in  the  con- 
struction of  separate  canals,  and  from  its  vast  experience  therd  have  been  evolved 
more  or  less  standard  types  for  use  under  different  conditions  as  to  the  locks  themselves, 
and  the  easraitial  elements  of  the  locks,  such  as  the  gates,  operating  machinery,  cul- 
verts, valves,  etc. 

In  the  canalization  of  a  number  of  the  laiger  rivers  the  necessity  of  keeping  flood 
levels  as  low  as  possible  has  necessitated  a  resorttto  movable  dams.  Many  types  of  such 
dams  have  been  tried  until  experience  has  shown  the  best  type  to  be  adopted  under 
dififerent  conditions.  In  this  connection,  an  important  subject  which  has  required 
considerable  study  is  the  question  of  the  time  and  order  of  raising  or  dropping  the 
successive  movable  dams  when  they  form  a  series,  so  as  to  i»operly  make  use  of  the 
larger  reservoir  effect  of  the  pools  formed  by  the  different  dams. 

The  effect  of  such  storage  capacity  must  be  considered  both  in  relation  to  navigation 
and  the  flood  control  and  also,  to  a  considerable  extent,  to  the  possibility  of  water- 
power  development  for  commercial  purposes. 

The  Engineer  Department  maintains  and  operates  all  canals,  canalized  rivers,  and 
similar  waterways  owned  by  the  United  States.  In  this  connection  many  interesting 
problems  have  arisen  as  to  the  character  of  power  to  be  developed  and  used  in  han- 
dling the  lock  machinery  or  in  manipulation  of  movable  dams. 

The  Secretary  of  War,  through  the  Engineer  Department,  is  chaiged  with  the  estab- 
lishment and  enf<m:ement  of  rules  and  regulations  governing  the  operation  and  main- 
tenance of  all  canals  owned  and  operated  by  the  United  States,  and  the  use  of  all 
pubUc  navigable  channels  improved  by  the  Federal  Government  wherever  the  estab- 
lidiment  of  such  rules  and  regulations  may  be  necessary.  The  Engineer  Department 
in  addition  is  charged  with  the  enforcement  of  the  laws  passed  by  Congress  for  the 
preservation  or  maintenance  of  all  our  navigable  waterways  from  injury  by  the  inten- 
tional or  accidental  dumping  or  sinking  of  anything  tending  to  decrease  the  navigable 
capacity  of  the  waterways. 

Not  only  has  the  Engines  Department  charge  of  the  construction  of  Government- 
owned  canals,  but  it  has  had  in  several  cases  to  supervise,  in  the  interests  of  naviga- 
tion, the  design  and  construction  of  large  dams,  with  locks,  ccmstructed  by  private  or 
local  interests  for  hydroelectric  power  development,  such  as  at  Keokuk  on  the  Missis- 
sippi Biver  and  at  Hales  Bar  on  the  Tennessee  Biver. 
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The  Engineer  Department  has  had  in  operation  for  many  years  a  system  of  storage 
reservoirs  on  the  Mississippi  Biver  above  St.  Paul,  the  total  storage  capacity  so  far 
developed  amounting  to  about  95,000,000,000  cubic  feet.  This  system  of  storage 
reservoirs  is  operated  so  as  to  increase  the  navigable  depth  in  the  Mississippi  River 
in  the  portion  of  the  Miasisaippi  beginning  at  St.  Paul.  However,  the  influence  of 
such  reservoirs  upon  the  flow  of  the  Mississippi  becomes  negligible  at  or  near  Lake 
Pepin,  some  60  nules  below  St.  Paul,  and  many  hundreds  of  nulee  above  the  portion  of 
the  Minsttippi  whore  disastrous  floods  occur. 

The  use  of  storage  reservoirs  as  an  aid  in  flood  control  has  been  given,  and  is  now 
being  given,  careful  consideration,  by  agencies  of  the  Engineer  Department,  especially 
in  connection  with  the  floods  in  the  Ohio  Valley  and  in  the  river  basins  of  Califomia. 

One  feature  that  has  required  especial  care  in  the  design  and  construction  of  works 
for  river  improvement  is  the  large  quantity  of  drift  carried  by  our  rivers,  especially 
in  the  early  st^tgee  of  a  flood .  All  the  mechanical  appliances  of  the  locks  and  movable 
dams  must  be  so  constructed  as  not  to  be  interfered  with  by  movements  of,  or  accu- 
mulation of,  drift,  and,  on  the  oHier  hand,  the  fixed  portions  of  such  structures,  such 
as  the  lock  walls  themselves,  the  fixed  dam,  and  the  fixed  portions  of  movable  dams 
must  all  be  so  designed  as  to  be  subject  to  as  little  damage  as  possible  from  ice  or  drift. 

The  same  is  true  of  all  dike  work,  bank  revetments,  etc.,  used  in  river  regulation, 
for  not  only  are  such  works  subject  to  more  or  less  injury  by  drift  after  completion, 
but  frequently  it  is  necessary  to  take  extensive  precautions  to  prevent  damage  to  the 
structures  themselves  or  to  the  plant  during  the  p^iod  of  construction. 

Improvement  work  of  the  lower  reaches  of  our  tidal  rivers  and  of  our  harbors,  both 
on  the  Great  Lakes  and  on  the  seashore,  has  frequently  involved  the  construction  of 
breakwaters  and  sea  walls.  At  the  mouths  of  certain  rivers  and  entiances  to  certain 
harbors  jetties  have  been  built,  and  in  some  cases  breakwaters  have  been  built  in  the 
open  sea  to  form  harbors  of  refuge. 

The  breakwatOT  construction  work  carried  on  by  the  Engineer  Department  has  been 
done  under  a  great  variety  of  conditions,  and  the  experience  gained  has  resulted  in 
the  development  of  a  number  of  more  or  less  standard  types  of  construction  and  cross 
sections  for  the  various  locations  and  conditions,  these  types  ranging  from  the  timber 
crib  structures,  formerly  and  successfully  utilized  on  the  Great  Lakes,  to  the  massive 
masonry  structures  built  in  exposed  localities  in  the  ocean. 

The  vast  experience  of  the  Engineer  Department  in  this  line  of  work,  and  studies  of 
the  relations  between  the  location  of  breakwaters  and  the  wave  action  in  the  areas 
more  or  less  protected  by  such  breakwaters,  has  resulted  in  the  development  of  a 
standard  type  of  breakwater  harbor  adapted  to  conditions  on  the  shores  of  the  Great 
Lakes. 

The  jetty  construction  carried  on  by  the  Corps  of  Engineers  has  presented  widely 
different  engineering  problems,  depending  upon  the  localities  where  this  type  of 
improvement  has  been  attempted.  At  some,  as  at  the  mouth  of  the  Miasissippi,  a 
special  class  of  i»x)blems  has  arisen  in  preventing  the  tendency  of  the  jetties  to  sink 
into  the  soft  mud  foundations;  whereas,  in  other  harbors,  such  as  those  on  the  Pacific 
coast,  the  great  problem  has  been  to  develop  a  type  of  cross  section  and  limiting  sizes 
of  individual  stones  which  could  be  depended  upon  to  resist  the  action  of  heavy 
storm  waves. 

Of  the  river  and  harbor  work,  a  very  large  part,  measured  in  the  total  of  expendi- 
tures, has  consisted  of  dredging  or  otiier  excavation.  In  such  work  practically  all 
known  types  of  dredges  have  at  one  time  or  another  been  employed  with  greater  or 
less  success. 

A  large  part  of  this  dredging  work  has  been  under  contract  with  such  regular  con- 
tractors' dredges  as  has  been  available  but  for  certain  special  types  of  woric  the 
Engineer  Department  has  been  compelled  to  develop  and  operate  its  own  tjrpe  ol 
dredges. 
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One  type  of  dredge,  of  which  a  highly  succeeflful  type  haa  been  developed,  has  been 
designed  for  removing  the  bars  formed  at  each  high  water  in  our  laige  sediment- 
bearing  rivers  in  the  West.  Another  type  of  dredge  largely  developed  and  used  by 
the  Engineer  Department  is  the  self-contained  seagoing  hydraulic  dredge  designed 
to  excavate  the  channels  through  the  bars  at  the  entrance  of  our  seacoast  harbors,  or 
in  the  exposed  parts  of  wide  estuaries.  These  dredges  pump  the  sand  up  into  self- 
contained  bins,  and  when  these  are  loaded  the  dredge  proceeds  to  sea  and  deposits 
the  mat^ial  in  deep  water  where  It  can  not  be  brought  back  into  the  channels.  Such 
dredges  have  been  successfully  used  also  in  dredging  channels  in  the  open  ocean  along 
certain  of  oiur  coasts. 

MiSCSLLAKBOUB  CiVIL  WORK. 
REMOVAL  OF  WRECKS. 

In  connection  with  the  improvement  of  our  rivers  and  harbors  for  navigation 
purposes,  the  C!orps  of  Engineers  is  chaiged  with  the  removal  of  wrecks  within  our 
rivers  and  harbors  and  along  our  seacoasts.  The  number  of  wrecks  removed  each 
year  runs  usually  up  into  the  hundreds. 

In  addition  to  the  usual  methods  of  raising  sunken  vessels  bodily  or  of  blowing 
them  to  pieces  by  explosives,  there  have  been  cases  when  the  obstruction  caused 
by  a  sunken  vessel  has  been  satisfoctorily  obviated  by  dredging  a  deep  hole  close 
to  the  wreck  and  rolling  the  wreck  into  this  hole.  In  most  of  the  interior  waters 
wreck  removal  is  accomplished  by  the  Engineer  Department  without  the  aid  of  other 
branches  of  the  Government  service,  but  in  some  cases,  especially  in  the  Wider  part 
of  our  harbors  and  estuaries,  or  in  the  oceans  near  our  coasts,  the  removal  of  wrecks 
has  been  accomplished  by  the  Engineer  Department  and  the  Coast  Guard,  acting 
in  conjimction. 

A  notable  special  work  of  similar  character  was  the  raising  and  removal  of  the 
battleship  Maine  from  Habana  Harbor. 

BRIDGE  AND  WHARF  PERHIT8. 

By  law  no  dam,  bridge,  wharf,  pier,  or  similar  structure  can  be  legally  built  in 
or  over  navigable  waters  of  the  United  States,  nor  can  any  cable  or  pipe  line  be  laid, 
or  dredging  or  other  work  be  done  in  such  waters,  without  a  permit  from  the  Secretary 
of  War,  issued  through  the  Engineer  Department,  and  the  construction  work  must 
be  done  under  the  supervision  of  that  department.  Included  in  this  subject  are 
the  regulation  of  fishing  structures,  which  are  placed  in  large  numbers  in  the  interior 
waterways  and  along  the  eastern  and  northwestern  coasts  of  the  United  States,  and 
the  preservation  of  Niagara  Falls.  Every  request  for  such  a  permit  requires  careful 
consideration,  and  not  infrequently  public  hearings  on  such  subjects  are  considered 
advisable.  The  number  of  permits  for  construction  work  of  the  character  mentioned, 
which  have  to  be  carefully  considered  and  passed  on  by  the  Engineer  Department, 
amounts  annually  to  more  than  2,000. 

In  addition,  the  department  annually  -psuBsee  upon  numerous  cases  of  bridge  altera- 
tions required  by  the  necessltiee  of  navigation,  and  the  establishment  of  rules  and 
regulations  for  the  operation  of  bridges.  It  tdso  has  the  general  oversight  of  the 
supervision  of  New  York  Harbor  for  the  prevention  of  obstructive  and  injurious 
deposits  either  in  the  harbor  or  in  the  adjacent  waters. 

HARBOR  LINES. 

In  order  that  it  may  hot  be  necessary  to  issue  permits  for  each  and  every  wharf 
or  pier  built  in  thickly  settled  communities,  the  Secretary  of  War,  throu^  the 
Engineer  Department,  establishes  harbor  lines  wherever  in  his  judgment  they  are 
essential  to  the  preservation  and  protection  of  the  harbor.  Certain  of  the  harbor 
lines  mark  the  limits  to  which  open  piers  may  be  extended  without  special  permits. 
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while  other  harbor  lines  murk  the  Umit  to  which  bulkheads,  with  solid  fills  behind 
them,  may  extend.  Even  where  harbor  lines  have  been  established,  however,  it  is 
frequently  necessary  to  pass  in  special  cases  upon  a  permit  or  request  to  go  beyond 
the  established  harbor  lines. 

In  considering  the  permissibility  of  plans  proposed  for  bridge  construction  or  the 
proper  location  of  harbor  lines  many  other  subjects  must,  of  course,  be  given  con- 
sideration, such  as  the  effect  the  restriction  of  the  waterway  may  have  upon  the  action 
of  the  current  or  the  capacity  of  the  streams  to  discharge  floods. 

ANCHORAGE  AREAS. 

Another  function  of  the  Corps  of  Engineers  closely  related  to  those  just  mentioned 
is  the  establishment  of  anchorage  areas  in  the  navigable  waters  of  the  United  States 
whenever  maritime  or  commercial  interests  require,  together  with  the  making  of 
the  rules  and  regulations  necessary  to  insure  the  proper  use  of  such  anchorages.  This 
work  requires  a  careful  study  of  the  necessities  and  movements  of  traffic,  of  the  physical 
features  entering  into  the  particular  problems,  and  sometimes  of  the  relative  impor- 
tance of  many  conflicting  interests. 

\ 

SURVETING  AND  CHARTING  THE  GREAT  LAKES,   ETC. 

The  surveying  and  charting  of  the  Great  Lakes  and  their  tributary  and  connecting 
waters  for  the  assistance  of  mariners  and  as  a  basis  for  planning  works  of  channel 
improvement  has  been  in  the  charge  of  the  Corps  of  Engineers  since  the  inception 
of  the  work  in  1841.  Congress  has  added  to  this  duty,  from  time  to  time,  the  surveying 
and  charting  of  the  natural  navigable  waters  of  the  New  York  State  canals,  Lake 
Champlain,  and  the  Lake  of  the  Woods  and  other  boundary  and  connecting  waters 
between  that  lake  and  Lake  Superior. 

The  siurvey  involves  a  large  amount  of  astronomic,  topographic,  and  hydrographic 
work  of  a  high  d^pree  of  accuracy.  About  118  charts  covering  the  Great  Lakes, 
Lake  Champlain,  ami  a  part  of  the  New  York  canal  system  have  been  published. 
Charts  of  the  Lake  of  the  Woods  and  its  connecting  waters  have  not  yet  been  issued. 

All  of  the  charts  are  colored  to  show  clearly  and  readily  where  vessels  of  different 
drafts  may  navigate  with  safety.  In  addition,  a  bulletin  is  issued  annually  deecribing 
the  lake  harbors  and  channels  in  detail,  and  supplements  are  issued  monthly  during 
the  season  of  navigation,  furnishing  the  mariner  with  the  latest  information  of  speciaL 
value,  such  as  navigation  improvements,  newly  discovered  dangers,  wrecks,  etc. 

Preliminary  to,  and  in  connection  with,  the  improvement  of  our  rivers  and  harbon 
many  surveys  have,  of  course,  been  made.  Most  of  these  surveys  have  been  oi  com- 
paratively limited  areas,  but  others,  such  as  the  surveys  of  the  Mississippi  Biver  and 
Ohio  River,  have  covered  large  areas  and  have  resulted  in  the  preparation  of  accurate 
topographical  charts  of  the  rivers  themselves,  and  of  the  lands  bordering  thereon. 

MUNICIPAL  ENGINEERING  AND  ROAD  WORK,   ETC. 

By  law  all  municipal  engineering  in  the  District  of  Columbia  is  supervi^  by 
Engineer  officers,  and  the  law  further  requires  that  one  of  the  governing  commissioneiB 
of  the  District  of  Columbia  shall  be  an  officer  of  the  Corps  of  Engineers  of  the  Army 
The  work  thus  covered  includes  the  usual  variety  of  city  engineering,  and  in  the  Na- 
tional Capital,  with  its  large  number  of  visitors  annually,  such  work  is  of  exceptionally 
large  scope  and  importance. 

Another  function  of  the  same  general  character  assigned  by  law  to  the  Corps  of 
Engineers  is  the  charge  of  the  water  supply  of  the  District  of  Columbia,  and  includes 
the  construction,  operation,  and  maintenance  of  the  dams  across  the  Potomac  Bxver 
at  the  source  of  supply,  of  the  conduits  and  aqueducts,  and  of  the  reservoirs  and 
filtering  plants. 
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Another  function  asBigned  to  the  Corps  of  Engineers  is  the  charge  of  the  public 
buildings  and  grounds  in  the  District  of  Columbia.  The  Engines  officer  in  chaige 
of  this  work  superintends  the  maintenance  and  beautification  of  all  the  public  parks 
in  the  District  of  Columbia,  and  has  chaige  also  of  the  maintenance  and  upkeep  of 
the  White  House  and  its  outbuildings,  and  of  the  State,  War,  and  Navy  Department 
building.  He  is  in  charge  also  of  the  construction  and  care  of  the  many  moniuients 
in  the  District. 

In  certain  of  our  national  parks,  such  as  the  Yellowstone,  the  construction  and 
maintenance  of  all  roads  and  bridges  is  supervised  by  Engines  officers  detailed 
for  this  special  purpose,  and,  similarly,  an  Engines  officer  is  a  member  ci  the  Alas- 
kan Road  Commission  and  has  important  supervision  over  the  road  construction  in 
that  territory. 

The  constructbn  of  moniuients  and  memorials  throughout  the  country  where 
built  with  funds  appropriated  by  Congress  is  also  usually  assigned  to  the  Corps  of 
Engineers. 

In  addition  to  the  work  regularly  assigned  by  law  to  the  Engines  Department 
as  such,  ihe  Corps  of  Engineers  is  frequently  called  upon  to  loan  the  services  of  its 
officers  for  engineering  and  scientific  work  of  many  different  varieties,  such  as  con* 
saltation  with  regajxl  to  lighthouse  construction,  the  operation  of  the  lighthouse 
bureau  on  our  interior  rivers;  survey  for  and  location  of  Federal  and  State  boundaries; 
the  investigation  of  the  proposed  water  supply  for  the  city  of  San  Francisco,  and  the 
investigation  of  railroad  lines  in  Alaska. 

For  the  last  10  years  or  so  officers  of  the  Corps  of  Engineers  detailed  for  that  purpose 
have  played  an  important  part  in  the  construction  of  the  Panama  Canal,  and  at  the 
present  time  a  number  of  officers  of  the  corps  are  still  on  duty  connected  with  this 
most  important  engineering  work. 

COOBDINATION  WTTH  OTHER  DKPARTICBNTS. 

In  performing  its  functions  assigned  to  it  by  law  or  by  orders  of  the  heads  of  our 
executive  bureaus,  the  Corps  of  Engineers  naturally  comes  in  contact  with  other 
scientific  branches  of  the  Government  work,  and  in  all  such  cases  thoroiigh  coordi- 
nation has  apparently  been  obtained. 

Thus,  the  Coast  and  Geodetic  Survey  furnishes  the  Engineer  Department  with 
its  valuable  hydrographic  charts  and  with  tidal,  geodetic,  and  other  data.  In  return 
the  Engineer  Department  furnishes  the  Coast  and  Geodetic  Survey  from  time  to 
time  with  all  the  latest  data  obtained,  including  detailed  maps  showing  the  existing 
conditions  in  the  rivers  or  harbors  under  improvement,  and  especially  all  new  chan- 
nels or  improvements  in  the  navigable  condition  of  older  channels. 

A  similar  exchange  is  made  with  the  Greological  Survey,  the  topographic  data 
obtained  by  the  Corps  of  Engineers  being  furnished  to  that  department,  and  simi- 
larly all  records  of  gaiige  readings  and  all  discharge  data  are  sent  to  the  Weather 
Bureau  for  use  in  getting  up  its  records  of  stream  flow,  gauging,  and  its  flood  forecasts. 

The  Engineer  Department  and  the  Coast  Guard  Service  cooperate  in  the  police 
of  our  harbors,  in  the  supervision  of  anchorage  areas,  and  in  the  removal  of  menaces 
to  navigation. 

In  general,  it  may  be  stated  that  wherever  the  Engineer  Department  comes  in 
contact  with  the  work  of  another  branch  of  the  service  all  data  obtained  are  freely 
exchanged  and  unnecessary  duplication  of  work  is  avoided. 

The  Chairman.  The  next  paper  is  on  "Improvements  at  the 
mouth  of  the  Magdalena  River,"  by  Dr.  Miguel  Triana,  civil  engi- 
neer, of  Colombia.  This  has  been  a  very  important  subject  to 
Colombia  for  a  great  many  years;  at  least  for  25  years  to  my  per- 
sonal knowledge.     Various  engineers  have  made  examinations;  vari- 
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ous  concessionaires,  one  after  another,  have  come  along  and  have 
failed  to  achieve  the  project.  Dr.  Triana  has  presented  the  first 
paper,  to  my  knowledge,  on  this  important  subject  for  Colombia 
which  is  of  such  great  interest  to  all  engineers  interested  in  the  im- 
provement of  the  mouths  of  the  great  rivers  of  Pan  America. 


IMPROVEMENTS  FOR  THE  MOUTH  OF  THE  MA6DALENA  RIVER. 

By  MIGUEL  TRIANA, 
A  Senator  of  the  Republic  of  Colombia. 

Importance  of  this  Stxtdt. 

The  Republic  of  Colombia  has  6,000,000  inhabitants  and  an  extent  of  1,250,000 
square  kilometers,  of  which  only  300,000  are  inhabited  and  these  are  located  chiefly 
toward  the  center  of  the  country.  There  are  immense  tracts  of  country  open  foi 
immigration,  and  the  mineral  wealth  of  its  mountains,  the  diveredty  of  its  climate  and 
its  abundant  waterfalls,  offer  a  vast  field  for  a  number  of  industries. 

The  proximity  of  the  Republic  of  Colombia  to  the  world's  thorough&re — the  Panama 
Canal— will  tend  to  attract  the  attention  of  the  scientists  who  will  meet  in  Washington. 

The  Magdalena  River  is  the  principal  artery  of  the  coiintry  and  is  practically  the  only 
means  of  communication  with  the  sea,  but  its  mouth  is  obs^-ucted  by  a  sand  bar  which 
prevents  the  entrance  of  ehips  to  the  river,  isolating  the  riches  of  the  country  from 
access  to  the  world. 

The  study  of  the  means  for  removing  this  obstacle  is  consequently  of  the  greatest 
importance,  as  a  national  engineering  problem  and  worthy  of  being  brought  to  the 
consideration  of  the  eminent  scientists  to  whom  I  submit  this  memorandum. 

Chaptbr  I. 

ICBTHOD  OF  THB  MAGDALENA  RIVER. 

I .  One  might  almost  say  that  he  who  knows  the  Magdalena  River  in  all  its  tributaries 
and  watersheds,  knows  the  greater  part  of  the  Republic;  since  this  fundamental  artery 
extends  its  branchings  throughout  the  greater  part  of  the  populated  regions.  Its 
watershed,  comprised  between  the  three  branches  into  which  the  Cordillera  of  the 
Andes  is  divided  at  the  meridian  ''knot  of  Paste,"  embraces  an  enormous  extension  of 
territory  to  which  13  of  the  14  Departments  into  which  the  Republic  of  Colombia  is 
divided  for  its  political  administration,  contribute  with  part  of  their  fertile  lands,  of 
varied  climate,  and  with  their  torrents  loaded  with  mechanical  potentialities.  The 
three  Andine  branches  mentioned,  of  hig^  and  snow-covered  peiUm,  throw  out  spurs 
and  secondary  ranges  in  all  directions,  in  whose  valleys  run  the  500  aflluents  of  the 
great  river,  forming  the  most  varied  soil  and  the  best  watered  one  for  agricultural, 
mining  and  manufacturing  purposes  that  may  be  found  in  the  Tropics. 

The  geological  upheaval  which  such  a  mixed  soil  offers  for  the  study  of  the  naturalist, 
is  yet  to  be  explored;  but  it  may  be  stated  that  in  it  crop  out  all  the  strata  of  the  ter- 
restrial shell,  with  its  variety  of  mineral  products.  It  is  in  place  here  to  mention  the 
diversity  of  wealth  which  Colombia  enjoys  in  this  kingdom  of  nature,  and  it  is  enough 
for  the  purpose  of  this  paper  to  set  forth  only  that  the  great  water^ed  of  the  Magdalena 
River  places  in  evidence  all  the  geological  formations,  on  slopes  of  an  inclination  which 
comprises  all  the  degrees  of  the  clinometer. 

In  this  soil,  covered  in  its  greater  part  with  woods,  whose  clearing  advances  rapidly, 
four  of  the  six  millions  of  the  inhabitants  of  the  country  are  at  work. 
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It  may  be  said  that  the  Magdalena  is  formed  by  the  conjunction  of  two  great  volleys : 
That  which  the  central  and  western  branches  of  the  Andes  inclose,  where  the  river 
Gauca  runs,  and  that  formed  by  the  central  and  eastern  branches,  where,  properly 
speaking,  the  Magdalena  runs.  The  first  of  these  rivers  has  a  course  of  135  miria- 
meters,  it  is  formed  by  200  tributaries,  by  means  of  which  it  drains  a  died  of  650  square 
miriameters;  the  second  has,  up  to  the  union  with  the  first,  a  course  of  150  miiiameters 
and  is  formed  by  500  tributaries  which  drain  a  shed  of  1 ,000  square  miriameters.  Then 
the  two  united  run  a  length  of  20  miriameters,  with  the  waters  collected  in  a  valley  of 
1,650  square  miriameters.  In  this  last  extent  of  its  course,  the  Magdalena  receives  no 
flrtareams  of  great  significance,  and  on  the  contrary,  distributee  those  it  brings  into 
numerous  marshes  found  on  either  side  of  its  banks. 

2.  The  watersheds  of  crystalline  of  plutonic  texture  which  in  the  beginning  formed 
the  valleys  of  the  Gauca  and  the  Magdalena,  were  clothed  with  geologicii  starata  of 
later  formation,  due  to  the  work  of  the  atmospheric  agencies.  Even  to-day  the  labor 
of  these  agents  continues.  The  vast  bay  formed  by  the  antennae  of  the  central  and 
eastern  Cordilleras  which  terminate  in  the  ranges  of  San  Jeronimo  and  the  Sierra 
Nevada,  respectively,  was  gradually  filled  in  with  materials  carried  by  the  work  of 
the  aforesaid  agencies,  which  then  worked  separately,  the  first  throwing  its  waters 
towards  what  is  now  the  bay  of  Cartagena  and  the  second  probably  on  what  is  to-day 
the  Cienaga  de  Santa  Marta. 

Hie  present  task  of  the  river,  with  its  burden  of  sands  idiich  it  goes  on  placing  at 
its  mouth  for  the  sea  to  swallow  them  up,  consiflts  in  modelling  the  coast  in  collaboration 
with  the  maritime  currents.  Details  of  this  labor  are  the  inflections,  armlets  and 
branches  which  it  goes  on  forming  throughout  its  course,  like  the  many  positions  of  a 
muscle  in  action.  To  understand  this  work  thoroughly  in  order  to  learn  its  nature 
and  results,  pn^ound  study  is  required. 

•  If  one  observes  the  canon  of  the  valley  formed  by  the  two  Cordilleras,  it  is  shown 
that  at  the  boqueron  of  each  one — ^where  the  ocean  winds  ent^  from  the  Atlantic  and 
Pacific  alternately— ^ere  are  slopes  rich  in  streams  on  the  opposite  Cordillera,  which 
with  the  burden  of  the  materials  robbed  from  th^n,  lotm  the  great  curves  of  the  river. 

Consequently  to  study  the  method  of  the  waters  of  the  Magdalena,  meteorological 
observatories  situated  in  the  Cordilleras  which  form  the  two  great  Colombian  valleys 
are  necessary.  Fortunately  in  the  high  part  of  those  Cordilleras,  in  a  delightful 
climate,  is  where  the  greatest  population  of  the  country  exists,  and  there  are  cities 
connected  by  telegraph  which  would  cooperate  simultaneously  in  the  observations. 

A  metecNNdogical  observatory,  founded  in  1803  on  the  hig^  plain  of  Bogota  by  the 
botanical  expedition  whidi  the  Spanish  Government  sent  to  study  the  fl<Hra  of  its 
opulent  colony,  is  the  only  one  which  has  been  taking,  in  the  course  of  a  century, 
intermittent  notes  on  the  winds,  the  rains,  and  other  phenomena.  Recently,  in  1912, 
by  the  initiative  of  a  religious  c^er  of  Spanish  missionaries,  there  has  been  founded 
another  observatory  for  the  study  of  the  river,  at  Barranquilla;  but  these  two  observa- 
tories do  not  wcHrk  as  yet  concurrently.  A  ridi  rancher,  of  great  talent  and  patriotism, 
Don  Manuel  Grrisales,  willed  a  part  of  his  fortune  to  construct  in  Manizalee,  the  city 
founded  by  him  on  the  mass  of  the  Central  Cordillera,  a  meteorological  observatory 
for  the  service  of  agriculture,  which  is  under  construction,  and  will  be,  because  of  its 
location,  the  most  important  of  the  Republic.  In  the  city  of  Medellin,  situated  on 
the  knotty  northern  end  of  the  same  Cordillera,  1  degree  north  of  -Manizales,  there 
is  a  little  meteorological  observatory  in  which,  by  private  initiative,  there  has  recently 
been  begun  anotations  regarding  the  rains  and  other  conditions;  but  thia  institution 
does  not  work  in  connection  with  those  of  Bogota  and  Barranquilla.  It  would  be 
desirable  to  estabUsh  meteorological  observatories  at  least  in  the  capitals  of  the  De- 
partments which  are  situated  on  the  great  watersheds  of  the  Magdalena  and  the  Cauca, 
tcit  instance  at  Bucaramanga,  Tunja,  Ibague,  Neiva,  Popayan,  and  Cali.    These 
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should  be  placed  into  telegraphic  communication  for  the  purpose  of  studying  in  con- 
junction with  Ihe  others  the  law  of  the  rains,  and  thus  be  able  to  fix  the  characteristics 
of  the  Magdalena  River. 

3.  Situated  as  is  the  course  of  the  river,  between  d^:rees  2  and  11  north  latitude, 
its  watershed  is  reached  alternately  by  septentrional  and  meridional  trade  winds, 
with  interposed  calms.  During  the  predomination  of  those  winds  there  ia  a  scarcity 
of  rain,  and  these  supervene  in  the  intervening  periods.  The  dry  months  are:  De- 
cember, January,  February,  and  March  in  the  first  period,  and  June,  July,  August, 
and  September  in  the  second  period,  a  total  of  eight  months  of  scarcity  of  rain.  Tim 
scarcity  is  not  absolute  except  in  the  months  of  January  and  February  for  all  the 
region,  and  in  that  of  September  at  its  meridional  section.  In  the  measure  the  region 
falls  apart  from  the  Equator,  the  dry  seasons  become  less  rigorous  in  the  second  period. 

Similar  observations  may  be  ntked  regarding  the  periods  of  the  rain.  April  and 
ICay  are  rainy  during  the  first  equatorial  calm,  and  October  and  November  during 
the  second.  There  are  then  four  months  of  abundant  rains  in  the  year,  and  it  can  be 
shown  that  in  the  meridional  region  of  the  watmhed  the  volume  of  water  gathered  in 
the  first  period  of  calm  is  greats  than  in  the  second;  but  as  one  advances  toward  the 
north  the  contrary  takes  place. 

Such  are  the  general  laws  which  rule  in  the  valley  of  the  Magdalena  in  the  matter 
of  rains,  very  di£Ferent  from  those  which  rule  in  the  valleys  of  the  rivers  which  empty 
into  the  Pacific  Ocean  and  the  eastern  region  of  the  rest  of  the  country,  submitted 
respectively  to  the  predominance  of  one  or  another  wind  exclusively.  In  these  val- 
leys the  rainy  periods  occupy  eight  months  of  the  year.  The  four  remaining  months 
are  only  of  scarce  rain  on  the  Pacific  coast  and  of  absolute  lack  of  them  in  the  great 
watersheds  of  the  Amazon  and  Orinoco. 

In  relation  to  these  general  rules,  in  the  months  of  January  and  February,  especially 
in  the  latter,  the  river  Magdalena  is  at  its  lowest  tide;  in  March  it  begins  to  increase, 
and  the  flow  is  abundant  in  April  and  May.  The  floods  diminish  in  the  successive 
months  until  September,  when  the  other  one  of  the  important  dry  seasons  takes  place, 
althou^  not  as  intense  as  that  of  February.  It  again  has  a  great  flow  of  wat^  in 
October  and  November,  to  recommence  its  cycle. 

But,  because  of  the  local  winds  which  make  their  alternative  entries  to  the  \'alley 
of  the  river,  through  the  depressions  of  the  Cordilleras  which  outline  it,  the  foregoing 
rules  suffer  perturbations,  more  or  leas  perceptible,  following  a  law  which  has  not 
been  studied  yet  for  lack  of  observatories. 

4.  The  sands  carried  by  the  river  follow  the  law  of  the  rains,  in  as  far  as  the  periods 
of  activity  and  quiet  are  concerned,  but  the  quantity  of  its  burden  increases,  as  I 
will  demonstrate,  with  the  increase  of  the  population,  which  is  denser  on  the  cold 
plateaus  which  surround  the  great  valleys  of  the  Magdalena  and  the  Cauca,  as  has 
been  stated. 

If  it  has  not  been  possible  to  show  that  the  refrigerating  capacity  of  the  moimtains 
goes  on  diminishing  in  the  measure  in  which  they  are  despoiled  of  their  arboreal 
vegetation,  for  agricultural  purposes,  it  does  appear  as  evident  that  the  gath^ing  of 
the  rains  has  become  and  continues  to  become  irregular  because  of  the  clearings,  at 
the  same  time  that  the  defense  of  the  lands  is  debilitated  against  being  loosened  and 
washed  away.  Rainfall  is  not  detained  by  infiltration  into  lands  deprived  of  trees, 
so  that  the  current  might  be  regulated,  but  they  are  precipitated  to  the  bottom  of  the 
valleys  and  run  rapidly  to  the  river  beds,  with  greater  gathering  of  sediment  robbed 
from  the  naked  soil.  Thus,  although  the  rain  does  not  diminish,  their  erosive  ci^>acity 
and  the  carrying  power  of  the  streams  is  augmented. 

Because  of  these  circumstances  the  floods  and  dry  spells  of  the  Magdalena  River 
are  becoming  more  and  more  sudden,  and  the  burden  of  sands  carried  by  the  fcMrmer 
more  and  more  abundant. 
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A  very  interestiiig  obsorvation  to  thtf  end  of  this  study —in  connection  with  the  demo  - 
graphic  development  of  the  country — is  that  the  daily  increasing  diortness  of  the 
freshets  determine  a  corresponding  higher  tide  each  time.  If  the  load  remains  the 
same  or  undeigoes  scarce  reduction  at  a  given  freshet,  and  if  the  bed  section  is  ap* 
proximately  equal,  the  height  of  sudden  freshets  diall  increase  in  proportion  to  the 
diortnees  of  the  freshets'  duration. 

In  order  that  one  may  judge  of  the  rapid  increase  of  population  in  the  KepubUc^ 
and  therefrom  the  industrial  activity  of  those  who  inhabit  the  valleys  of  the  Mag- 
dalena  and  the  Cauca,  it  is  well  to  have  at  sight  the  census  results  obtained  in  a  cen« 
tury: 

Yttn.  Inhabitants. 

1810 1,400,000 

1825 1,223,000 

1836 1,686,038 

1843 1,959,664 

1846 2,090,941 

1861 2,243,054 

1869 2,961,111 

1898 3,850,791 

1905 4,533,777 

1912 5,472,603 

1915,  estimated 5,900,000 

By  these  figures  it  is  seen  that  after  the  sociological  abnormality,  brou^t  by  the 
great  war,  was  over,  the  population  has  been  coming  on  in  an  accelerative  increase 
of  50,000  inhabitants  at  the  beginning,  75,000  afterwards,  and  finally  more  than 
135,000  yearly,  which  in  a  ehort  time  will  reach  200,000  in  futiure  census  returns, 
because  of  the  so^oloe:ical  normality  which  we  are  enjoying.  By  means  of  the  aver- 
age of  this  acceleration  it  can  be  assured  that  the  population  will  double  each  40 
years,  but  taking  into  consideration  the  local  census  returns  of  the  Department  of 
Antioquia,  which  with  its  twin,  the  Department  of  Caldas,  occupies  the  mass  lying 
between  the  two  valleys,  the  mass  of  people  under  the  propitious  circumstances 
which  this  soil  offers  to  human  life  will  double  every  30  years. 

If  to  this  ethnic  acceleration  is  added  the  agricultural  acceleration,  stimulated  by 
the  facility  of  international  transportation,  one  can  understand  the  rapidity  with 
which  the  clearings  have  been  made,  and  the  extraordinary  velocity  of  the  felling 
of  the  future. 

5.  In  the  great  floods  the  river  leaves  its  normal  bed  and  forms  on  either  side,  in 
its  low  banks,  extensive  marshes,  by  which  it  makes  long  diversions  from  its  prime 
bed.  From  the  Clenaga  (mardi)  Paturia  the  river  at  the  Cano  Choco  beg;ins  to  make 
these  diversions.  From  there  on  in  the  last  55  miriameters  of  its  course,  across  low 
lands,  it  breaks  at  each  great  flood  Hie  depressed  banks  of  sand  which  hold  it  and 
forms  new  branches,  which  widen  in  successive  floods,  until  they  definitely  vary  its 
course  through  them.  Thus  the  great  branch  of  Morales  is  formed,  where  it  threatens 
to  follow  its  course  definitely,  to  recuperate  it  by  that  of  Papayal,  in  front  of  the  city 
of  Banco,  leaving  dry  in  this  manner  the  port  of  Gamarra,  as  it  abandoned  Mompox 
to  run  by  the  Loba  branch. 

On  its  left,  on  entering  the  Departments  of  Bolivar  and  Atlantico,  small  dimension 
cienagas  are  multiplied,  to  the  benefit  of  the  local  cattle  Industry,  and  on  the  ri^t, 
before  emptying  into  the  sea,  it  forms  an  intricate  labyrinth  of  canos  and  cienagas  of 
great  extent,  which  occupy  the  greater  of  the  Department  of  Magdalena,  for  which 
probably  it  bears  its  name. 

Finally  it  empties  into  the  sea  by  two  mouths,  one  of  which,  situated  on  the  right, 
which  appears  to  be  the  original  one,  called  for  this  reason  Rioviejo,  is  on  the  point 
of  being  abandoned  because  of  the  numerous  sand  banks  which  now  narrow  it.    Th'' 
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bar  of  the  other  mouth  called  Ceniza,  increasoe  day  by  day,  its  back  riaiiig  with  the 
burden  of  sands  which  the  river  throws  on  it  at  each  flood.  But  more  to  the  left  the 
Cienaga  Mayorquin  is  increasing,  and  by  the  procedure  of  the  new  branches,  will 
make  its  newest  course  by  abandoning  as  well  the  present  Ceniza  mouth. 

6.  By  the  direction  of  the  coast,  by  the  contiguous  bays  which  have  been  filling 
with  its  mateiials  in  suspension  and  by  the  direction  of  its  ciurents,  there  are  only 
three  analagous  rivers  in  Colombia  which  empty  into  the  Caribbean  Sea — the  Mag- 
dalena,  the  Sinu,  and  the  Atrato.  So  that  the  companson  of  the  deltas  of  the  two 
last  can  serve  to  make  deductions  for  the  future  of  the  first. 

By  simply  looking  at  the  map  one  can  see  that  the  Cienaga  Grande  of  Santa  Marta 
is  the  end  of  a  great  gulf  which  the  sediments  of  the  Magdalena  closed  in  part,  and 
will  continue  filling  with  sands  in  its  periodic  overflows  into  it,  by  the  numerous 
Canos  which  conimunicate  it  with  the  river.  An  identical  thing,  and  in  the  same 
position  of  attack,  the  Sinu  River  is  doing  in  the  Bay  of  Cispata  by  the  Canos  of  Cicada 
and  Soldado,  which  formerly  were  by  turns  the  prime  course  of  the  river.  Soon  this 
will  break  the  narrow  strip  which  separates  it  from  the  sea  at  the  bend  of  Sabaneta, 
and  thus  the  bay  will  be  divorced,  as  the  Magdalena  has  been  divorced  from  Cienaga 
Grande,  which  constituted  the  gulf  of  its  former  exit  to  the  sea,  by  Cano  Ciego,  which 
starts  from  Cerro  de  San  Antonio  and  passes  by  Hvijay.  On  the  other  part,  he  who 
knows  the  two  rivers  Sinu  and  Magdalena  and  has  studied  ihem  in  their  methods, 
recognizes  that  the  first  is  a  compact  reduction  of  the  second. 

Finally,  although  of  a  nature  quite  different  because  of  the  youth  of  its  waterdied, 
the  Atrato  River  offers  in  its  mouth,  in  the  Gulf  of  Uraba,  certain  analogies  to  the 
Magdalena,  inasmuch  as  it  is  abandoning  the  big^t  of  Turbo  to  seek  for  itself  a  series 
of  mouths  more  and  more  inclined  to  the  left;  that  is,  the  same  as  the  Magdalena  and 
the  Sinu  are  doing. 

Chaptbb  II. 

THB  EXTERNAL  FOBCES.  * 

7.  The  border  of  the  South  American  Continent,  between  Cape  San  Roque  and  the 
Goajira  Peninsula,  represents  the  direction  of  the  resultant  of  three  forces  which 
operate  there  on  the  mass  of  the  sea— the  equatorial  current,  the  lunar  tides,  and  the 
trade  winds. 

The  rectilinear  confonnation  of  this  great  piece  of  coast  makes  one  think  of  the  exist- 
ence of  a  maritime  current  which,  like  a  saw,  is  wearing  away  the  land  in  a  single 
direction.  Relatively  recent  studies  regarding  the  physics  of  the  sea  have  shown 
the  constancy  of  this  current,  as  if  it  were  a  great  river  in  the  very  mass  of  the  ocean, 
of  known  width  and  depth,  and  with  a  temperature  different  from  what  mig^t  be 
called  its  banks  in  the  adjoining  waters  in  which  it  moves.  Such  is  the  equatorial 
current  which  has  its  origin  in  the  region  of  the  Equator,  rxms  parallel  to  the  coaat 
mentioned,  crosses  the  Antilles  to  crush  against  the  Gulf  of  Mexico,  and  then  turns 
with  the  whirl,  which  receives  there  the  name  of  Gulf  Stream,  to  run  directly  toward 
the  coast  of  Eng^d. 

In  the  Goajira  Peninsula  the  coast  guiding  the  current  changes  its  course  from  north- 
east to  southwest,  to  form  the  Cc^ombian  shores  as  far  as  the  Gulf  of  Uraba,  whore  a 
pool  of  derivative  currents  is  formed  and  these  currents  in  their  turn  shape  this 
region,  in  cooperation  with  the  tides  and  the  waves  raised  by  the  winds.  If  these 
three  forces  acted  alone  or  separately  on  the  muddy  waters  of  the  Magdalena,  loaded 
with  solid  materials,  the  first  would  take  them  to  the  center  of  the  Caribbean  Sea, 
the  second  would  drag  them  along  the  coast,  and  the  third  would  attempt  to  force 
the  river  to  deposit  them  at  its  very  mouth.  The  flow  of  the  tides  has  a  cooperative 
effect  with  this  effort  and  with  that  of  the  winds  which  raise  the  waves  crashing  against 
this  coast,  thus  making  it  very  difficult  fer  navigation  because  of  the  banks  of  sand 
which  form  a  species  of  defensive  fence  to  it.  These  additional  forces  have  likewise 
a  decisive  effect. 
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8.  In  the  formation  of  the  coasts  by  the  alluvial  deposits  the  tides  have  an  especial 
task  of  transportation,  as  on  their  onward  march  they  deposit  the  sands  in  their  con- 
stant ebb  and  flow.  The  position  of  the  coast  in  relation  to  the  course  of  the  tides  has 
its  influence  on  the  work  of  the  sea;  the  coasts  lying  on  a  northern  and  southern  direc- 
tion, as  those  of  the  Pacific  coast,  suffer  the  effect  of  the  tides  in  all  their  intensity, 
00  that  the  sea  robs  soil  from  the  continent;  the  coasts  lying  on  an  eastern  and  western 
direction,  as  that  of  the  Atlantic  shore,  undergo  an  alluvial  acretion  from  the  effects 
of  that  movement  of  the  sea  along  its  shores.  The  maximum  tides  of  4  meters  in  the 
Pacific  and  of  90  centimeters  in  our  Atlantic,  where  they  are  barely  perceptible, 
although  their  labor  is  quite  efficient  in  an  additive  form,  are  just  as  effectual  on  the 
Pacific,  but  in  the  sub  tractive  form. 

For  placing  materials  on  the  coast  and  for  taking  them  away,  the  sea  has  in  the  tides 
a  series  of  operative  forces  thus:  The  maximtun  high  tide  and  the  minimnTn  low  tide 
occur  only  twice  a  year,  in  the  perigees  of  the  moon  and  in  the  apogees  equinoctials, 
from  which  the  oscillatory  distances  are  gradually  reduced  until  the  solstices,  when 
these  distances  are  the  least,  in  the  waxing  and  waning  quarters  of  the  moon  at  that 
time;  within  these  great  semiannual  periods  there  take  place  11  lesser  Tnayimnm 
full  tides  with  their  corresponding  minimum  relatives  of  low  tide,  and  twice  a  day 
the  tide  rises,  theoretically  on  the  moon's  passing  over  the  upper  or  lower  meridian 
of  the  place  considered. 

When  the  sea,  taking  advantage  of  this  system  of  periodic  transportation,  removes 
or  deposits  sands  in  its  work  of  destruction  or  of  building  up,  it  does  it  ihen  in  a  manner 
almost  imperceptible  by  minute  loads  which  it  goes  on  taking  away  or  leaving  off, 
little  by  little.  For  the  specific  case  of  the  formation  of  the  sand  bars  along  our 
coast,  including  those  which  obstruct  the  mouth  of  the  Magdalena  Kiver,  the  bans 
which  have  risen  to  the  height  of  the  maximum  high  tide  of  the  equinoctials,  remain 
uncovered  or  under  a  thin  sheet  of  water  during  six  months,  under  the  influence 
of  other  cooperative  agents,  as  the  mollusks,  the  marine  growths,  the  algse,  and  those 
which  consolidate  and  increase  them. 

9.  The  annual  winds  on  our  coast,  according  to  information  from  the  Meteorological 
Observatory  at  Barranquilla,  are  divided  into  two  parts— from  December  to  May 
and  from  June  to  November,  consisting  of  strong  trade  winds  during  the  first  period  and 
of  moderate  breezes  during  the  second ,  attracted  by  Hie  Sierra  Nevada.  Four  hundred 
and  thirteen  kilometers  is  the  mean  daily  velocity  of  the  winds  during  the  first  six 
months  and  277  kilometers  is  the  mean  during  the  second.  The  month  of  greatest  wind 
from  the  sea  is  January,  when  it  reaches  a  daily  average  of  500  kilometers,  correepond- 
ing  to  the  period  of  the  greatest  dry  season  of  the  river;  while  in  May  and  October, 
when  the  river  is  at  its  greatest  flood,  the  winds  are  lateral  and  reach  a  mean  of  only 
330  and  219  kilometers  daily,  respectively,  minimum  velocity  of  the  year.  These 
circumstances  of  the  altemability  of  the  winds  and  the  floods  of  the  river  are  very 
worthy  of  being  borne  in  mind  as  to  the  formation  of  the  bar.  Other  datum  most 
important  supplied  by  the  Observatory  of  Barranquilla,  bearing  on  this  fonnation, 
is  that  the  predominating  direction  of  the  winds  that  blow  on  this  coast  is  that  of  south- 
west quarter  west,  the  direction  approximately  perpendicular  to  the  run  or  backbone 
of  the  bar. 

Under  these  circumstances  the  winds  which  move  the  superficial  area  of  th^  sea  to 
form  the  waves  which  break  directly  on  the  bar,  are  merely  an  auxiliary  of  the  other 
two  forces  which  concur  in  its  formation  on  the  side  of  the  sea;  but  the  winds  are  an 
auxiliary  force,  working  also  in  the  building  up  of  hummocks  or  dunes  in  the  sands 
of  the  two  points  which  by  their  prolongation  tend  to  close  the  mouth  of  the  river. 
The  trade  winds  favor  the  prolongation  of  the  point  on  the  rig^t,  called  £1  Faro,  by 
means  of  dimes  more  and  more  advanced  in  this  direction,  which  is  its  own  direction, 
and  by  an  equal  system,  although  of  lesser  intensity,  the  wind  <^  the  Sieixa  Nevada 
favors  the  prolongation  of  the  point  on  the  left,  called  Augusta. 
68436— 17— VOL  vi 28 
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Chapter  III. 

COOPERATION   OF  THE  RIVER  AND  THE  8BA  FORCES. 

10.  In  March,  the  spring  equinoctial:  The  river  rises,  the  tide  is  at  its  greatest, 
and  the  wind  from  the  sea  reaches  484  kilometers  velocity  daily;  there  is  then  a  con- 
currence of  forces  inside  and  out  for  the  formation  of  the  bar. 

In  June  the  summer  solstice:  Mean  waters  of  the  Magdalena,  minimum  tides; 
there  are  no  strong  winds;  the  work  is  then  almost  nil  on  the  bar. 

In  September  autumnal  equinoctial:  The  river  is  dry  and  opposes  no  resistance  to 
the  invasion  of  the  sea  to  the  estuary  i|i  the  second  great  tides,  and  there  are  no  sea 
winds;  a  deposit  of  sands  on  the  exterior  side  of  the  bar  takes  place  then. 

In  December  the  winter  solstice:  Scarcity  of  water  in  the  river;  mimimum  tides; 
strong  sea  breezes.  During  this  period  neither  the  river  nor  the  lunar  tides  do  any 
work;  but  the  bar  is  modeled  at  the  mercy  of  the  waves. 

In  this  manner  it  is  evidenced  that  the  river  and  the  sea  labor  in  the  spring  and 
discontinue  their  efforts  during  the  summer;  that  in  autumn  only  the  sea  returns  to 
the  task,  leaving  to  the  wind  alone  the  share  of  completing  the  work  during  winter. 
(Speaking  of  winter,  one  should  not  understand  the  rainy  season,  which  bears  this 
name  among  us.) 

At  the  mercy  of  these  quantities  of  work,  variable  within  alternate  periods  and  in 
alternate  directions,  the  magnitude  and  position  of  the  increments  of  the  bar  should 
be  variable,  also  within  certain  limits;  so  that  its  position  and  size  are  variable  within 
the  period  of  one  year.  The  equation  of  the  movement  has  consequently  an  annual 
cycle;  but  because  of  the  instability  of  the  elements  which  enter  into  it— variable 
from  one  year  to  another  within  a  great  cycle,  and  probably  distinct  for  each  one  and 
not  positively  ascertained  as  yet  for  lack  of  a  sufficient  store  of  observations  to  deter- 
mine it — there  is  another  secular  equation  of  unknown  periods  to  which  is  definitely 
submitted  the  increase  and  the  direction  of  the  bar  of  the  Magdalena  River. 

By  a  single  isolated  observation  made  in  the  Boca  de  Ceniza  by  the  yoimg  American 
engineer,  H.  Ripley,  during  the  Inonth  of  September,  1907,  the  size  and  position 
of  the  bar  is  known  at  that  moment.  The  size  of  the  bar  in  the  position  which  it 
held  at  that  time  can  be  taken  as  the  integral  of  all  the  work  of  increase  and  movement 
completed  up  to  this  epoch  from  the  time  the  river  adopted  this  mouth  as  its  exit  to 
the  sea. 

Assuming  as  constant  the  direction  of  the  wind  and  the  river,  that  of  the  bar  divided 
almost  in  two  the  angle  formed  by  them,  which  appears  to  demonstrate  that  the  sum 
of  the  works  of  the  external  forces  was  almost  equal  to  the  sum  of  the  work  of  the 
river  up  to  this  moment.  The  immensely  long  period  of  time  during  which  these 
gums  of  work  have  been  made  permits  us  to  accept  as  equal  the  external  and  internal 
energies  during  a  given  period  of  time,  long  as  it  may  appear  to  us — ^for  instance,  a 
century.  Practically  for  the  effect  of  prospecting  and  estimating  the  works  of  defense 
of  the  Boca  de  Ceniza  one  may  accept  as  constant  the  direction  of  the  bar  and  its 
increase  as  proportional  to  the  time,  which,  on  the  other  hand,  is  but  little  perceptible 
in  10  or  20  years.  Dissenting  from  those  who  judge  that  the  studies  of  Mr.  Ripley, 
considering  them  exact,  have  no  application  to-day,  I  am  of  the  opinion  that  the 
new  soundings  now  being  carried  out  for  the  purpose  of  determining  the  bar  can 
serve  only  to  corroborate  the  previous  findings  and  at  most  to  ascertain  the  increase 
of  the  bar  in  the  course  of  eight  years. 

The  best  time  to  make  such  soundings  is  that  of  the  summer  solstice,  about  the  month 
of  June;  because,  as  has  been  said,  there  are  then  no  strong  winds,  the  river  is  at  a  low 
stage  of  water  and  the  tides  are  at  their  lowest.  Not  as  propitious  as  that  of  June,  but 
still  suitable,  may  be  the  autumnal  equinox,  around  the  month  of  September,  which 
was  that  chosen  by  Mr.  Ripley  to  make  his  observations;  because  there  is  then  almost 
^nd,  and  the  river  is  dry.    One  experiences,  nevertheless,  the  contingency  of  the 
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big  tides  at  this  period,  which  alter  the  level  of  the  sea  in  a  very  significant  manner, 
aaid  in  this  case  impose  for  each  sounding  a  weariBome  proceednre  for  the  purpose  of 
correlating  it  with  a  fixed  x>oint  of  comparison,  situated  on  the  distant  coast. 

The  periods  of  March  and  December  are  unacceptable  for  soundings  (the  former 
worse  than  the  latt^);  because  during  both  those  months  the  strong  trade  winds  being 
at  their  maximum  intensity  prevent  such  task  absolutely,  and  because  during  the 
first  of  the  two  months  above  named  the  river  suddenly  throws  out  its  greatest  floods 
and  the  tides  are  of  the  greatest  amplitude. 

In  any  case,  the  survey  of  the  profile  of  the  bar  and  of  the  shoals  of  the  coast  in  front 
of  the  mouth  of  the  river,  are  always  difficult  of  execution  because  of  the  motion 
of  the  sea  there,  because  of  the  threatening  shoals  on  which  have  grounded,  when 
they  have  not  been  lost,  a  multitude  of  vessels  making  for  the  mouth,  and  by  reason 
of  the  separation  of  the  shores  of  the  river  (from  2  to  3)  kilometers),  to  fix  the  point 
as  base  line  of  the  levels.  If  to  this  is  added  the  shortness  of  the  propitious  time 
available  in  each  year,  one  understands  how  uncertain  have  been  the  observations 
made  in  a  single  month,  and  how  venturesome  the  comprobations  now  attempted  to 
Mr.  Ripley's  plan  in  the  brief  space  of  8  months. 

11.  The  curvature  of  the  river  on  entering  the  estuary  and  the  very  disimilar  incli- 
nation of  the  one  and  the  other  bank,  demonstrate,  with  all  evidence,  that  the  canal 
at  the  greatest  flow  runs  licking  the  bank  on  the  left. 

The  obstacle  which  the  bar  gives  to  the  exit  of  these  great  waters  compels  them  to 
describe  a  new  curve  reciprocal  to  the  former,  around  the  point  Augusta. 

12.  The  flow  of  the  river  in  the  estuary,  at  a  normal  stage,  is  of  2,000  cubic  meters 
per  second,  on  an  average,  for  the  first  dry  period  from  December  to  March;  of  8,000 
in  the  months  of  April  to  May;  of  6,000  for  the  period  from  June  to  September;  and  of 
8,000  for  the  months  of  October  and  November.  The  minimum  flow  of  February  is 
1,400  meters  and  the  maximum  in  March  is  9,500.  But  the  rains  gathered  in  a  short 
time  in  one  or  more  tributaries  or  sections  during  the  great  downpours  occurring  fre- 
quently in  April,  May,  or  October  and  occasionally  in  any  of  the  other  months,  increase 
extraordinarily  the  height  of  the  waters  at  the  mouth  of  the  river. 

The  suddenness  of  these  rises,  constantly  more  rapid  because  of  the  clearing  of  the 
land,  as  has  been  shown,  is  the  reason  why  the  bed  of  the  estuary  does  not  offer  them 
sufficient  capacity  and  they  overflow  on  the  Mayorquin  Marsh. 

Chaftbr  IV. 

PRACTICAL  PURPOSB  OF  TmS  MEMORANDXTM . 

13.  All  this  imposes,  as  the  prime  work  of  defense  f<Hr  the  mouth,  the  reinforcement 
of  the  left  bank  of  the  estuary,  by  means  of  a  wall  which  shall  continue  the  initial 
curvature  until  reaching  a  sufficient  depth  in  the  sea,  t.  €.,  as  much  as  refers  to  the 
directing  of  the  current  and  obliging  it  to  attack  the  bar  always  in  the  same  direction. 

In  regard  to  the  tendency  which  the  point  El  Faro  has  to  continue  narrowing  the 
mouth  by  its  constant  enlargement  because  of  the  trade  winds  and  the  deposit  of 
sand  brought  in  by  the  seas,  whose  direction  follows  in  the  trend  of  increase,  it  is  neces- 
sary to  stop  this  increase  by  means  of  another  mouth  defense,  which  will  serve  at  the 
same  time  against  the  wind  and  against  the  sea.  A  short  jetty  stopping  the  sand  at 
this  point  and  running  partly  into  the  sea  would  serve  to  detain  in  front  of  the  mouth 
the  dunes  blown  by  the  trade  winds  and  the  sands  brought  up  by  the  tide. 

Finally,  to  make  the  estuary  accessible  to  the  vessels  which  come  from  the  sea  and 
inversely,  it  is  necessary  to  break  out  the  bar  which  prevents  it  by  means  of  a  canal 
which  shall  communicate  the  greatest  depth  of  the  estuary  itself  with  a  sufficient  depth 
of  the  sea.  The  direction  and  shape  of  the  canal  should  follow  the  curvature  of  the 
first  wall,  so  that  the  attack  of  the  river  will  serve  to  clean  it. 
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The  dimengJoiMi  and  calculatjona  of  the  rematence  ol  these  worka,  aa  abo  ita  estSmatei 
of  cost,  are  the  object  d  another  study  of  a  financial  chaiacter,  in  relation  with  tto 
service  of  the  traffic,  which  the  author  will  develop  for  the  capitalists  who  may  be 
disposed  to  undertake  the  enterprise  of  opening  the  Bocas  de  Oeniza. 

CONCLUSION. 

The  ox>ening  of  the  Bocas  de  Ceniza  to  maritime  traffic  will  permit  deep-aea  steameii 
to  go  up  the  river  perhaps  a  considerable  distance,  where  its  banks  belong  to  vaziooa 
departments  of  the  Republic  which  to-day  do  not  enjoy  this  supreme  advantage. 
With  these  facilities  for  industry  in  all  its  phases  of  activity,  for  great  extensionB  ol 
territory,  the  economic  capacity  of  the  country  will  increase  in  a  surprising  manner 
and  the  whole  organic  system  of  the  Bepublic  shall  experience  a  profound  and  benefi- 
cent transformation. 

For  these  considerations  the  matter  treated  in  this  paper  has  been  considered  in 
Colombia  as  the  most  important  problem  of  those  of  its  class  for  the  national  life,  and 
the  Government  and  Congriess  have  dictated  measures  conducing  to  its  subsidizing; 
although  such  measures  have  not  yet  had  any  result,  probably  because  the  occasion 
for  the  country's  entering  in  its  definite  i>eriod  of  development  had  not  arrived,  as  it 
appears  to  have  arrived  at  present,  by  the  coincidence  of  the  equilibrity  of  its  social 
institutions  and  the  harmony  of  its  political  parties,  with  the  occurrence  ol  world- 
wide effect  in  economic  order  as  is  the  cutting  of  the  Isthmus  of  Panama. 

The  national  sentiment  stimulated  by  the  happy  concurrence  of  these  two  drcumf 
stances,  culminated  in  1907  by  the  formation  in  the  city  of  Barranquilla  of  a  patriotic 
syndicate,  founded  with  the  object  of  accumulating  monetary  resources  to  make  m 
scientific  study  of  the  problem,  which  resulted  in  the  chart  of  tibe  estuary  and  the  bar 
made  by  Mr.  Ripley  and  an  opinion  of  Prof.  Lewis  M.  Haupt  as  to  ^e  necessary 
works. 

This  has  been  the  first  positive  step  taken  in  the  execution  d  the  work.  Both  the 
opinion  of  Prof.  Haupt  and  the  plans  of  Mr.  Ripley  have  been  useful  as  preliminary 
baaea  of  a  more  profound  study  of  the  problem,  which  I  have  the  honor  of  presenting 
in  the  four  parts  which  constitute  the  body  of  this  paper. 

The  conclusions  to  which  I  have  arrived  in  Part  IV  of  this  study  are,  nevertheless, 
different  from  those  of  Prof.  Haupt,  as  may  be  seen  in  the  last  illustrative  sheet,  where 
the  lines  of  work  are  shown  that  are  proposed  to  conquer  the  bar. 

On  the  correct  solution  of  this  problem  depends  the  efficacy  of  a  work  which  nmat 
powerfully  influence  the  future  of  the  South  American  country  contiguous  to  the 
canal,  whose  industrial  development  will  accelerate  the  commerce  of  the  United 
States. 

As  a  Colombian  deeply  intereated  in  the  matter  which  he  eateema  moat  important 
for  hia  fatherland,  I  appreciate  the  honor  of  preaenting  thia  paper  for  the  conaideration 
of  the  Pan  American  Scientific  Congreaa. 

The  Chairman.  The  chair  will  now  read  a  short  written  discussion 
by  one  of  our  own  engineers,  Mr.  Lewis  M.  Haupt.  Mr.  Haupt  has 
had  considerable  to  do  with  this  work,  as  it  was  under  his  charge 
that  the  surveys  were  made  in  1907  or  1908.  He  made  the  plans 
and  estimates  for  the  work  at  that  time. 

discussion  OP  THE  ABOVE  PAPEB,  SUBMHTED  IN  WBITINO,  BY  LEWIS 

M.  HAUPT. 

Having  received  from  Bogota,  a  copy  of  the  study  of  Seflor  Migu^ 

Triana  relating  to  the  removal  of  the  barrier  to  the  navigatiou  of 

^^agdalena  River  and  being  impressed  with  the  importaufi^e  of 
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preserving  the  international  comity  and  commerce  between  these 
Republics,  the  writer  feels  impelled  to  present  to  the  congress  a  few 
suggestions  which  it  is  hoped  may  be  found  of  value  in  reducing  the 
cost  and  time  required  to  solve  this  world-problem. 

The  presentation  of  SefLor  Triana  is  broad  in  scope,  showing  a 
comprehensive  study  of  all  the  forces  which  have  been  operating 
through  the  centuries  to  produce  the  barrier  at  the  mouth  of  the 
river,  which  is  ever  changing  and  while  it  is  quite  true,  as  stated,  that 
'Hhe  observations  made  in  a  single  month"  are  of  little  value,  yet 
the  siu*vey  and  plan  presented  by  the  writer  has  been  made  the  basis  of 
the  ''more  profound  study  of  the  problem"  from  which  the  author's 
conclusions  are  obtained. 

But  this  basic  report  was  not  limited  to  the  single  survey  made  in 
September,  1907,  as  a  careful  search  was  made  for  all  available  charts 
showing  the  variable  phases  of  the  mouth  for  many  years  prior  to 
that  date,  five  of  which  are  embraced  in  the  report,  indicating  the 
prevalent  drift  to  the  west  and  the  cyclic  changes,  so  characteristic 
of  these  forces,  which  the  single  reversed  curve  on  the  eastern  flank 
was  designed  to  control.  The  function  of  a  west  jetty  concave  to 
the  channel  on  the  line  ''C-D"  of  the  author,  was  duly  considered 
and  abandoned  as  superfluous,  for  the  drift  is  the  ruling  factor, 
forcing  the  lighter  currents  to  the  westward,  and  the  reaction-jetty 
was  so  adjusted  as  to  resolve  the  wind  and  wave  forces  into  compon- 
ents acting  shoreward  to  check  and  impound  the  supply  in  the  groyne, 
which  when  filled  would  only  need  to  be  supplemented  by  a  short 
series  of  jetties  to  windward,  at  a  minimum  cost. 

SUMMABT. 

In  summing  up  the  analysis  in  Chapter  IV,  the  author  states: 

All  this  imposes,  as  the  prime  work  of  defense  for  the  mouth,  the  reinforcement  of 
the  left  bank  of  the  estuary  by  means  of  a  wall  which  shall  continue  the  initial  cur- 
vature until  reaching  a  sufficient  depth  in  the  sea.  This  so  far  as  it  refers  to  the 
directing  of  the  current  and  obliging  it  to  attack  the  bar  alwasrs  in  the  same  direction. 

In  regard  to  the  tendency  which  the  point  El  Faro  has,  i.  e.,  to  continue  narrowing 
the  mouth  *  *  *  it  is  necessary  to  stop  this  increase  by  means  of  another  mouth 
defense,  etc. 

For  the  piupose  of  reducing  the  cost  and  increasing  the  efficiency 
of  the  remedy  the  writer  feels  impelled  to  call  attention  to  the  expe- 
rience of  the  highest  authorities  in  this  country,  where  similar  sup- 
porting works  have  been  built  on  the  leeward  side  of  the  entrance 
and  which  signally  failed  of  the  piupose  and  a  second  attempt,  by 
private  parties,  on  the  same  side  also  failed.  Another  work  now  in 
progress  has  again  demonstrated  the  fallacy  of  arresting  the  drift  by 
placing  the  jetty  on  the  far  side  of  the  entrance,  so  that  in  view  of 
the  invariable  experience  on  alluvial  coasts,  it  should  not  be  neces- 
sary to  repeat  this  error. 
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The  ^^Obras  propuestas"  of  the  author  is  a  reproduction  of  the 
survey  and  plans  suggested  by  the  writer,*  with  the  addition  of  a  wall 
skirting  the  left  or  west  bank  of  the  river  for  a  distance  of  some  20,000 
feet,  of  which  the  inner  6,000  feet  are  above  the  water  line,  the 
next  6,000  are  within  the  water  line,  as  much  as  1,000  feet,  so  that 
two-thirds  of  this  wall  would  have  no  material  effect  in  entraining 
the  effluent  currents,  while  the  outer  portion  would  arrest  the  drift- 
ing sand  passing  across  the  entrance  and  which,  by  the  expansion 
created  by  the  divergence  of  the  two  jetties  would  cause  the  drift 
from  the  sea  to  be  precipitated  within  the  mouth  and  tend  to  close 
it,  as  actually  happened  at  the  Manasquan  Inlet,  on  the  New  Jersey 
coast  in  1888. 

As  this  wall  would  cost  not  less  than  about  $3,000,000  thus  adding 
that  sum  to  the  total  cost,  and  would,  in  the  writer's  humble  opinion, 
based  on  experience,  be  a  serious  obstacle  to  the  development  of  the 
channel  by  the  automatic  action  of  the  natural  forces,  it  should  be 
omitted  and  the  original  estimate  of  $2,000,000  (not  $20,000,000,  as 
stated  in  this  paper)  be  retained. 

In  closing  it  may  be  added  that  the  report  of  the  writer  was  placed 
in  the  hands  of  certain  parties  to  finance,  but  opposing  interests, 
who  felt  that  their  concession  might  be  impaired,  opposed  it,  so  that 
the  work  was  not  undertaken,  as  was  urged  in  1908,  when  the  com- 
parative cost  i>er  foot  of  depth  actually  gained  by  a  14-inch  diurnal 
tide  was  shown  to  be  but  one-ninth  of  that  of  a  number  of  other 
improvements  in  the  United  States. 

These  remarks  are  respectfully  submitted  with  the  hope  that  they 
may  hasten  the  adoption  of  some  enabling  legislation,  which  was  also 
a  factor  in  the  former  enterprise. 

The  CHAreMAN.  Before  further  discussion  of  Dr.  Triana's  paper,  I 
think  it  may  be  enlightening  if  I  give  you  a  brief  history  of  this 
matter  as  I  know  it  by  experience.  About  15  or  20  years  ago  an  en- 
gineer, now  dead,  Mr.  Streidenger,  was  sent  to  Colombia  to  make 
some  examinations  and  to  do  some  work  in  improving  the  rocky  bars 
on  the  UppeK  Magdalena  River,  several  of  which  prevented  the  passage 
of  steamboats.  The  Magdalena  River  is  the  only  artery  or  great  water- 
way for  that  great  coimtry  of  Colombia  in  communicating  with  the 
sea,  and  for  that  reason  obstructions  in  the  river  or  at  the  mouth  of 
the  river  have  always  been  great  hindrances  to  the  development  of 
Colombia.  Mr.  Streidinger  wrote  to  me  suggesting  that  thwe  might 
be  a  possibility  of  important  work  at  the  mouth  of  the  Magdalena. 
From  that  time  on,  for  at  least  15  years,  I  was  a  consulting  engineer  to 
Itssist  these  various  concessionaires.  In  1907,  when  I  was  engaged 
on  an  important  work  in  Brazil,  I  had  an  intimation  that  there  would 

1  The  la-foot  contour  only  being  omitted,  and  a  spur  Jetty  added. 
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be  a  call  made  upon  me  by  the  then  existing  concessionaires  to  mider- 
take  an  examination  and  to  make  a  plan  for  this  work.  Twenty- 
four  hours  before  I  had  to  sail  for  Brazil,  I  received  a  telephone  mes- 
sage to  call  at  a  certain  office  in  New  York,  I  went  there  and  found 
that  that  office,  which  was  a  representative  of  the  new  concession- 
aires in  Colombia  had  received  word  to  find  me  and  ask  if  I  would  go 
there  and  do  that  work.  I  told  the  gentlemen  I  could  not  go  per- 
sonally, but  that  I  would  be  glad  to  send  a  competent  engineer  who 
would  study  the  situation,  would  prepare  data  and  submit  it  to  me, 
and  that  that  was  all  I  could  do.  That  was  not  satisfactory,  because 
their  instructions  were  that  if  the  agent  could  not  get  me,  to  call  on 
Prof.  Haupt.  That  is  the  way  Prof.  Haupt  happened  to  go  there. 
Mr.  Ripley,  who  did  his  work,  had  already  been  engaged  by  me  in  an- 
ticipation of  this  work.  I  had  given  him  instructions  to  go  there 
and  obtain  the  data  necessary  to  make  my  plans  and  estimates. 

In  the  spring  of  1911,  in  going  from  Panama  to  Southhampton,  the 
steamer  that  I  was  on  stopped  at  Puerto  Colombia.  I  went  up  to  Barr- 
anquilla  to  see  if  I  could  get  any  information  in  rieference  to  this 
matter  and  to  see  the  concessionaires,  whom  I  knew  personally  and 
with  whom  I  had  had  so  much  to  do.  I  found  that  the  concession- 
aire who  had  been  interested  in  it  had  died,  but  his  brother  directed 
me  to  some  new  concessionaires  who  had  taken  up  the  matter — ^not 
the  concessionaires  by  whom  Prof.  Haupt  had  been  engaged.  You 
see,  these  things  were  changing  all  the  time.  They  showed  me  a 
letter  recently  received  from  London.  They  had  placed  the  whole 
matter  in  the  hands  of  Sir  Douglas  Fox  and  partners  in  London, 
who  had  the  matter  in  charge,  and  have  to  this  day,  so  far  as  I 
know,  for  those  concessionaires.  On  arriving  in  London,  I  called 
on  Sir  Douglas  Fox.  I  told  him  the  whole  history  of  it,  and  I  said 
to  him,  '*Sir  Douglas,  this  is  your  job  now,  and  I  will  freely  tmn  over 
to  you  all  the  information  I  have."  I  went  back  to  my  hotel  and 
the  next  day  presented  him  with  a  large  envelope  containing  all  of  the 
data  I  had.  Upon  looking  it  over,  he  told  me  they  were  not  yet  ready 
to  make  their  report,  or  even  submit  their  plans,  because  they  had  to 
have  some  additional  information;  but  that  whenever  they  did  so, 
they  wanted  me  to  unite  with  them  in  carrying  out  the  work.  That 
is  the  last  I  know  about  it  until  now  when  Dr.  Triana  enlightens  us 
with  the  most  important  paper  that  has  been  written  on  the  subject* 

Is  there  anyone  here  now  who  would  like  to  discuss  the  matter 
further? 

Col.  WmsLow.  In  glancing  over  this  paper,  I  see  references  to  low 
tides,  but  no  figures  as  to  the  heights  of  the  tides. 

The  Chairman.  A  little  over  a  meter.  Dr.  Triana  informs  me. 
Along  that  coast,  the  Caribbean  Sea,  as  well  as  in  the  Gulf  of  Mexico, 
as  you  know,  Colonel,  the  tide  varies  very  much  with  the  winds  and 
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other  causes  of  that  kind.  Are  there  any  other  questions  t  If  there 
is  no  further  discussion,  we  will  proceed  to  the  paper  by  Mr.  Fran- 
cisco P.  Miranda. 


EL  E8TUABIO  DEL  PLATA. 

Por  PRANCISCX)  P.  MIRANDA, 
SeeretariodelaComandanaade  MarinmM  Uru§ua§. 
I. 

Bote  vasto  estuuio  de  la  AmAica  del  Sur,  flitaado  €iitie  las  Rep^licas  Odtntal 
del  Uruguay  y  Aigentina— que  comparten  su  domlnio— se  eztieode  €iitie  lea  84  7 
36^  de  latitud  meridional  y  loa  55^  SO'  de  loogitud  W.  de  Gzeenwich,  aiondo  au  dixec- 
ci6n,  deede  la  confluenda  de  loa  grandea  rioa  Uruguay  y  Panni,  al  rumbo  126^  '■  haata 
juntazae  con  el  Oc^ano  AtUntico. 

Su  exteiiai6n  superficial  ha  aide  cakulada  en  30,000  Km'.,  con  una  longLtud  de 
270  Em.y  un  ancho  variable  entie  37  y  220  Em. 

£1  llmite  septentrional  de  su  deeembocaduia  ea  ^ado  por  algunoa  an  el  cabo  Santa 
Maria  y  por  otros  en  la  punta  del  Este,  figuiando  entre  loa  dltamoa  ke  ge6gralos  y 
navegantes  espafioles  que  ezploraion  sua  coetaa  desde  la  6poca  del  deacubrimientoi 
9tei  como  otios  ge^grafos  extranjeros,  quienea  convienen  en  la  impropiedad  c<mi  que  ae 
ha  denominado  cabo  Santa  Maria  a  una  simple  punta  de  m^danoa  con  restingas  de  pie- 
dra,  baja  y  poco  sallente,  mientras  que  la  punta  del  Este  es  la  mis  pronundada  de  toda 
la  coeta,  de  niveles  m^s  altos  y  de  tieiras  mis  finnes  y  consistentes,  como  que  partlcipa 
de  la  oiganizaci6n  de  los  ramales  montafioeos  que  se  apartan  de  la  cadena  originaria 
y  tenninan  en  contacto  con  esa  misma  punta,  dividiendo  las  aguas  que  afluyen  al 
mar. 

Por  nuestra  parte,  compartimos  la  opim6n  de  los  ge6gralos  espafioles,  teniendo  en 
cuenta  la  configuiacl6n  de  la  costa  y  que  la  punta  del  Este  es  un  verdadeio  cabo  en 
lo  que  significa  esta  palabra  como  expreaidn  geogr&fica,  a  la  ves  que  el  extreme  mis 
meridional  del  territorio  de  la  Repdblica  Oriental  del  Uruguay. 

Si  la  salobridad  de  las  aguas  fuera  el  principio  que  determinara  la  diviai6n  del 
estuario  y  el  oc^ano,  la  boca  del  Plata  estarla  aun  mia  al  0.  del  llmite  mencionado, 
pero  el  paraje  en  que  tenninan  las  aguas  saladas  depende  de  la  variable  direcci6n 
y  fuerza  de  las  corrientee  y  de  los  vientos,  llegando  a  voces  hasta  la  Unea  que  une  las 
puntas  Espinillo  y  Piedras  y  no  alcanzando  otras  al  meridiano  de  Montevideo. 

Por  lo  que  se  refiere  al  llmite  sur  de  la  deaembocadura  del  estuario,  hay  unanimidad 
de  opiniones  para  fijarlo  en  la  punta  Rasa  del  cabo  San  Antonio,  que  demora  220 
kil6metios  (120  millas)  al  227^  de  la  punta  del  Este. 

El  agua  del  mar  cambia  de  color  a  unos  150  kil6metios  (80  millas)  al  este  de  la  desem- 
bocadura  del  Plata,  y  conforme  se  avanza  hacia  el  oeste  va  tomando  un  tinte  verdoso 
daro,  que  se  modifica  en  el  interior  del  estuario  bajo  la  acd6n  de  los  vientos;  pu^  la 
maiejada  remueve  el  fondo  hadendo  que  el  agua  se  mezde  con  partlculas  de  ^ste  y 
tome  su  mismo  color. 

La  extenfli6n  de  la  costa  sepentrional  es  de  430  kildmetros  (230  millas),  siguiendo 
sus  contomos;  la  meridional  mide  400  kil6metros  (210  millas). 

La  constitud6n  geol6gica  de  ambaa  costas  es  totalmente  dilerente:  la  del  norte, 
lormada  de  terrene  primitive,  es  de  regular  altura  y  acddentada,  avistdndose  numero 
sas  elevadones  hada  el  interior,  que  sirven  de  puntos  de  reconocimiento  y  demar- 
caddn  para  los  navegantes.    La  orilla  sur  es  baja  y  uniforme,  de  teneno  de  aluvi6n; 


1  Los  mmboe  son  -verdAdtros. 
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86I0  se  aviBta  a  13  kildmetros  y  a  vecee  se  advierte  su  proximidad  por  los  gnipoe  de 
drbolee  diseminados  en  su  inmediacidn,  que  parecen  suigir  del  agua,  semejando 
islotee  cuando  se  les  ve  desde  alguna  distancia.  A  eetos  gnipos  de  drboles  se  les  da  en 
el  pals  el  nombre  de  islas. 

£1  lecho  del  Plata  tdene  varios  bancoe  de  arena,  algunos  de  gran  extensi6n  como  el 
Ortiz.  £1  punto  mis  elevado  de  eetos  bancos  es  la  lompiente  del  denominado  "In- 
gles," cuya  base  es  de  roca,  situado  al  sur  de  la  isla  de  Flores. 

£n  las  proximidades  de  la  costa  septentrional  existen  algunos  bajos  de  piedra  de 
corta  extensidn,  todos  eUos  debidamente  valizadoe. 

£ntre  los  bancos  el  fondo  es  de  fango,  apareciendo  mezclado  con  arena  en  las  pro- 
ximidades de  aqu^Uos,  lo  cual  facilita  la  navegaci6n  a  la  sonda  en  tiempoe  brumoeoe. 

II. 

£1  Plata  se  divide  en  tres  secciones,  teniendo  en  cuenta  las  profundidades,  r^imen 
hidrogrdfico  y  configuraci6n  de  las  costas. 

La  primera,  denominada  Plata  superior,  comprende  desde  el  delta  de  loe  rfos 
Parani  y  Uruguay  hasta  la  Colonia  y  punta  Lara.  £n  esta  secci<Sn  desaguan  los 
rlos  mencionados,  present&ndose  el  lecho  dividido  en  dos  cauces  separados  por  el 
banco  de  Playa  Honda  o  Placer  de  las  Palmas. 

£1  cauce  natural  mis  profundo  sigue,  desde  la  boca  del  Uruguay,  con  el  nombre 
de  Canal  Principal,  en  direccidn  a  las  islas  del  Juncal  y  Martin  Grarcfa,  que  con- 
tomea  por  el  sudoeete,  tomando  el  nombre  de  esta  dltima;  continda,  con  di8minuci6n 
de  fondo,  por  los  parajes  denominados  Paso  del  Globo  y  Barra  de  San  Pedro  rumbo 
a  la  Colonia;  pero  aqui  las  corrientes  al  estrellarse  contra  el  cabo  en  que  se  levanta 
este  ciudad,  ban  desviado  el  cauce  en  direcci<Sn  al  sur,  donde  con  el  nombre  de  Canal 
del  Farall6n  va  a  unirse  al  del  Medio  a  la  altura  de  la  punta  Lara. 

Al  incesante  trabajo  de  las  corrientes  es  tambi^n  probablemente  debida  la  forma- 
ci6n  de  las  islas  Homos,  L6pez,  Farall6n  y  San  Gabriel,  que  se  hallan  agrupadas  en  la 
ensenada  de  la  Colonia,  y  que  demueetran  haber  side  desprendidas  de  la  tierra  fixme, 
como  asimismo  Is^  del  Juncal,  Martin  Garcia,  Sola  y  Dos  Hermanas,  que  preeentan 
eignos  evidentes  de  haber  int^ado  la  ribera  oriental  en  6pocas  remotas;  especial- 
mente  la  de  Martin  Grarcfa,  si  se  observa  su  peculiar  estructura,  la  direcci6n  y  compo- 
sici6n  del  banco  que  de  bus  hordes  sigue  en  el  sentido  de  las  corrientes,  demostrando 
que  es  un  despojo  visible  del  esfuerzo  secular  de  las  aguas,  que  se  han  abierto  paso 
con  su  rompiente  correntosa  formando  el  llamado  Canal  del  Infiemo. 

£ste  canal,  que  se  desprende  del  Principal  antes  de  llegar  a  Martin  Garcia,  que- 
da  obstruido  a  pocas  millas  por  el  banco  de  las  Limetas. 

Hasta  hace  pocas  afios,  la  navegaci6n  se  efectuaba  por  el  Canal  de  Martin  Garcia, 
que  era  el  (inicovalizado,frecuentando  el  del  Infiemo  b61o  algunos  buquesde  cabotaje. 
Pero  en  1892  se  efectu6  el  dragado  de  un  canal  artificial  a  trav^  del  banco  de  las 
Limetas,  uniendo  de  edte  modo  el  Canal  del  Infiemo  con  los  Pozos  de  San  Juan, 
desde  donde  se  contintia  la  navegacidn  por  la  Barra  de  San  Pedro  (profundizada  a 
6.40  metroe)  y  el  Canal  del  Farall6n.  £6te  trayecto,  valizado  con  boyas  luminosas,  es 
el  que  hacen  actualmente  los  buques  de  ultramar  que  entran  o  salen  de  los  grandes 
afluentes  del  Plata. 

La  apertura  del  canal  de  las  Limetas  ha  alargado  la  navegaci6n  en  mis  de  7  kild- 
metros, desviando  las  aguas  del  verdadero  ''talweg"  que,  como  ya  lo  hemes  dicho, 
pasa  al  S.  W.  de  la  isla  Martin  Garcia. 

Pero  resulta  indudable  que  esa  canalizaci6n  no  es  ajena  a  la  politica  intemadonal 
argentina  de  los  <iltimos  afios,  inspirada  en  ideas  de  hegemonia  y  de  predominio 
absolute  sobre  el  estuario  del  Plata. 

Pr6ximo  a  la  costa  de  la  Provincia  de  Buenos  Aires  hay  otro  canal  utilizable  por 
embarcaciones  de  cabotaje.  Se  le  denomina  de  Las  Palmas  y  arranca  de  la  boca  de 
este  nombre  en  el  delta  del  Parani,  terminando  frente  a  la  rada  de  la  capital  argentina. 
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La  Beg:unda  seccidn  del  eetuario,  denaminada  '* Plata  Medio/'  se  halla  comprendida 
entre  la  Colonia  y  punta  Lara  y  las  de  Eepinillo  y  Piedras.  En  ella  ee  encuentra  el 
extenso  banco  Ortiz,  que  divide  en  doe  brazoe  el  gran  canal,  dejando  el  mayor  (canal 
del  Medio)  entre  bu  veril  meridional  y  los  bancoe  Chico,  Magdalena,  Gaviota  y 
Cuiraflsier. 

Entre  el  veril  septentrional  del  Ortiz  y  la  coeta  Norte  ee  haUa  el  canal  de  eete  nom- 
bre,  con  profundidad  mfnima  de  4  metros,  y  entre  los  cuatro  bancos  ya  mencionados 
y  la  coeta  argentina  corre  el  Canal  del  Sur,  con  5.50  metroe  de  agua  en  la  parte  menoe 
profunda. 

£1  Plata  Inferior  comprende  desde  las  dos  puntas  ^timamente  nombradas  hasta 
la  desembocadura  (piintas  del  Este  y  Rasa  del  cabo  San  Antonio),  en  cuyo  trecho 
las  aguas  son  casi  permanentemente  salobres  y  la  profundidad  varla  de  6  a  30  metros. 
En  ^1  se  hallan  los  puertqs  de  Montevideo  yMaldonado,  el  pnmero  con  10  metroe  de 
agua,  que  puede  f&cilmente  ser  aumentada  a  11  metroe  mediante  obras  de  dragado  y 
pTolongaci6n  del  canal  de  acceso  (actualmente  se  proyecta  dar  a  ^ete  y  a  una  parte 
del  puerto  12  metros  de  profundidad  al  cero).  Maldcmado  tien  agua  sufidente  para 
loB  may  ores  trasatUnticoe  que  existen  a  flote. 

Oatorce  millas  al  E.  de  Montevideo  se  halla  la  isla  de  Flores,  10  al  Sud  de  ella  el 
banco  Ingles  y  20  al  mismo  rumbo  de  6ste  el  denominado  Eouen.  La  isla,  que  fanntk 
tree  pequeiias  eminencias,  y  la  base  de  dichoe  bancos  es  de  roca,  y  tanto  por  la  di- 
reccidn  en  que  se  hallan  tendidos  como  por  la  que  siguen  sus  crestas  en  el  sentido  de 
su  mayor  longitud,  demuestran  ser  la  continuaci6n  submarina  de  los  <lltimos  eslab<me8 
de  las  sierras  de  la  costa  septentrional. 

III. 

El  acceso  al  Plata,  viniendo  del  oce&no,  puede  efectuarse  recalando  sobre  la  costa 
Norte  0  la  Sud.  Es  preferible  hacerlo  sobre  la  primera,  por  las  facilidades  que  ofrece 
para  su  reconocimiento  y  los  excelentes  faros  modemos  en  ella  instalados. 

La  costa  Sud  es  baja  y  desplayada  y  solo  cuenta  en  la  desembocadura  del  estuario 
con  el  faro  de  la  punta  Rasa  del  cabo  San  Antonio.  X)nicamente  ^i  el  case  de  con- 
tarse  con  una  Bituaci6n  muy  exacta  y  buenos  tiempos  puede  ser  aconsejable  la  reca- 
lada  por  esta  parte;  pero  86lo  para  los  buques  procedentes  del  Atl&ntico  Sur  que  se 
dirijan  a  La  Plata,  Buenos  Aires  o  Colonia. 

En  la  coeta  comprendida  entre  el  cabo  Polonio  y  la  isla  de  Lobos  se  tienen  a  la 
vista,  en  tiempos  claroe,  las  sierras  que  se  extienden  paralelamente  a  la  costa,  visiblee 
por  lo  general  a  m^  de  37  kil6metros  (20  millas)  de  distancia;  durante  la  noche  se 
pueden  ver  constantemente  uno  o  dos  faros,  con  alcance  tambi6n  de  37  kil6metroB 
en  estado  medio  de  l^asparencia  atmosf^rica,  y  en  case  de  reinar  tiempos  brumosos, 
fadlita  la  navegaci6n  el  conocimiento  de  la  profundidad  y  calidad  de  fondo  y  la 

direcci6n  y  fuerza  de  las  corrientee. 

««««««« 

Creemoe  oportuno  insertar  aquf  las  caracterfsticas  de  los  faros  situados  en  este  tramo 
de  costa: 

Polonio.— Un  destello  bianco  cada  12  segundos;  alcance,  37  kil6metroe. 

Santa  Maria. — ^Un  destello  bianco  prolongado  cada  minuto  y  luz  blanca  fija  en  la 
corona  inferior;  alcance  del  destello,  37  kil6metros;  de  la  luz  fija,  18  kil6metros. 

Jos6  Ignacio. — ^Luz  blanca  fija,  visible  a  13  ldl6metros. 

Isla  de  Lobos.— Un  destello  bianco  cada  5  segundos;  visible  a  46  kil6metroe  (25 
millas)  y  a  voces  a  mayor  distancia.  Ademds  tieneun  sector  de  luz  roja  fija  cubrien- 
do  el  arreclfe  que  se  encuentra  por  la  parte  este  de  la  isla  hasta  2  millas  de  dis- 
tancia del  mismo. 

Estaci6nradlotelegr&fica,  que  responde  al  llamadodeU.  L.  B. — ^Estad^n  semaf6rica, 
sirena  para  tiempos  de  niebla. 
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Panto  del  Este.— Lusblanca  con  ocuUacioiieB  de  25  eegimdoscadaminatoyiiLi^dio; 
alcance,  27  kil6metrd8.    Semiforo  y  ofidna  telegi^c*. 
BaEBco  In|l^.— Ponton-faro  fondeado  en  la  cabeza  noH»;  lue  blanca  fija  viaibld  A 

EBtaci6n  radiotelegiifica  que  reeponde  al  Uamado  de  U.  P.  Y.~€anij)&]&K  snb* 
marina.  Por  la  parte  eete  dd  banco  hay  una  boya-&ro  proviata  d^  cfampona  enb- 
marina  y  cdlbato  automitico.  La  luz  es  blanca  a  ddetellos  de  1  segondo  cada  5,  visible 
a  20  kil6metroe. 
Posicidn  de  la  boya:  latitud  S.  SS^"  11^  37^^;  longitud  W.  bd""  4(K  W\ 
Navegando  dentro  de  los  37  kil6tnetit>B  (20  milla^)  de  ditftabcint  de  la  c6Bta,  dMn 
las  limiediaclOheB  del  cabo  Polonlo  hacia  el  interior  del  estnario,  iieatpr^  to  tienen 
a  la  vista  uno  o  dos  farod. 

Durante  el  dfa,  lospuntosdereconodmientoparalarecaladaaestapartedelaceslil 
son  los  siguientes: 

Sienra  San  Migud  {Uameda  tambUn  M  CViotMro).— P«ede  avistarse  deiide  wW 
de  18  kil6metro8  de  la  costa  en  latitud  83^  W. 

Ea  un  continuado  gropo  de  cerros  dominado  por  uno  de  mayor  altura  que  se  dis- 
tingue con  el  noinbre  de  £1  Vigfa,  situado  a  17  kildmetroe  de  la  orilla  del  mar.  En 
el  extreme  N.  E.  de  la  sierra  se  encuentran  las  ruinas  del  fuerte  San  Miguel. 

Cerro  de  hs  Dyunto$:  Ouarenta  y  seis  kildmetros  (25  mlllas)  mis  al  S.  W.  se  aviisfea 
este  cerro,  forinado  por  varies  picacfaos  de  regular  altura  que  ocupan  una  corta  ext^ft- 
si6n  al  S.  W.  de  la  laguna  del  mismo  nombre.  En  una  loma  situada  entre  la  laguna 
y  el  mar  se  levanta  la  fortaleza  de  Santa  Teresa,  que  alecta  la  fonna  de  un  pent&- 
gono  irregular. 

Cerro  de  Navarro. — ^Unos  26  kil6metios  m^  al  S.  W.  se  encuentra  la  sierra  de  los 
Rochas,  cuya  altura  m^  notable  es  el  cerro  de  Navarro,  de  fonna  c6nica. 

Cerro  de  Buena  Fisto.— Desde  el  mismo  punto  se  ven,  al  rumbo  245*^,  este  ceno 
y  la  isla  del  Marco  (llamada  tambl^n  de  Castillo  Grande),  notable  por  un  m<MiDHto 
blanquecino  de  32  metres  de  altura.  El  cerro  de  Buena  Vista  es  un  promontorlo 
de  piedra  cubierto  de  arena,  de  58  metros  de  elevacidn  sobre  el  nivel  del  mar.  £st6 
en  latitud  34«  21'  12^'  S.  y  longitud  53**  48'  W. 

Cerro  del  Chafalote.Se  avista  al  W.  del  cerro  Buena  Vista,  es  m^  alto  y  muy 
escarpado,  hall&ndose  a  35  kil6metros  de  la  costa.  Visto  desde  el  E.  presenta  tree 
crestas,  siendo  m^  alta  la  del  centre. 

Lomas  de  Narvdez.^EB  una  cadena  de  coUnas  situadas  a  11  kil6metros  de  la  plsya 
de  la  punta  Rubia  o  de  la  Pedrera  y  tendidas  de  N.  E.  a  S.  W. 

Otras  alturas  se  avistan  al  W.  del  cabo  Santa  Maria,  omio  los  cerros  de  Jos^  Ignacio 
y  Carap^,  la  sierra  de  la  Ballena,  que  termina  en  el  cabo  de  este  nombre,  la  aiens 
de  las  Animas  (540  metros)  el  cerro  Pan  de  Azdcar  (400  metres)  notable  por  su  aislfr^ 
miento  y  la  regularidad  de  su  forma  que  se  asemeja  a  nn  cono  ligeramente  truncado, 
los  de  los  Toros,  Betete,  Ingl^  y  otros,  que  no  son  mis  que  partes  de  una  inisma  sierra, 
que  despu^s  de  formar  las  piintas  Negra,  de  los  Burros  y  Piedras  de  Afilar,  se  interna 
en  el  estuario  formando  los  bajos  de  Soils  y  Piedras  de  Afilar  y  los  islotes  conocidos 
con  el  nombre  de  Las  Toscas.^ 

IV. 

La  recalada  al  Plata,  con  vapores,  debe  hacerse  por  los  34®  25'  de  latitud  S.  y  53**  20' 
de  longitud  W.  a  fin  de  reconocer  el  cabo  Polonio;  con  buques  de  vela  conviene 
hacerla  por  los  35**  de  latitud  y  54**  de  longitud,  corrl^ndose  hacia  el  W.  hasta  reconocer 
la  isla  de  Lobos. 

>  El  almlrantazgo  brftftnloo  da  en  stu  carta3  al  mayor  de  estos  Islotes  el  nombre  de  Isla  Sidney,  pretend 
diendo  que  ha  sldo  deseabtecta  reckntemente,  euando  haoe  mAs  de  tree  cnartos  de  sIgloniieBtrM  merinos 
frecnentaban  sue  abundantei  pesqueroe. 
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No  debe  descuidane  el  uso  de  la  londa  en  tiepipos  cerrados,  extremando  eet^ 
precauci6n  cuande  reinan  vientos  del  segfundo  o  tercer  cuadrantes,  porque  en  este 
caso  la  corriente  y  el  oleaje  producen  abatuniento  en  direcci6n  a  la  costa,  tanto  mayor 
cuanto  menor  sea  la  marcha  del  buque  pudiendo  asegurarse  que  68ta  ha  side  la  causa 
de  la  mayor  parte  de  Iob  siniestros  ocurridos  en  dicha  coeta. 

El  uso  de  la  sonda  tiene  grandlaima  impprtancla  en  la  recalada  al  Plata,  pues  el 
conocimlento  exacto  de  la  profundidad  permlte  saber  la  distancia  a  que  el  buque 
ee  encuentra  de  la  costa.  Si  al  mismo  tiempo  se  tienp  aeg:uri4ad  en  U  l%titud,  podxA 
navegsne  con  toda  confianza  y  aproximarse  a  Uerra  ain  temor.  Sin  embargo,  en 
tiempos  cerrados  o  en  caso  de  duda,  conviene  no  pasar  a  fondos  menores  de  30  metres 
(IGbrazas). 

La  calidad  del  fondo  proporciona  tambi6n  datos  para  conocer  el  paraje  en  que  se 
navega:  el  fango  blando  indica  hallarse  en  buena  situacidn;  el  fango  dure  la  proxi- 
midad  de  la  costa;  fango  y  arena  la  cercanfa  de  los  bancos,  que  es  tanto  mayor 
cuanto  m&B  grande  sea  la  proporci6n  de  arena,  y  siendo  de  ^ta  sola  calidad  indicia 
hallarse  sobre  el  banco. 

En  caso  de  verse  obligado  a  fondear  por  mal  tiempo  conviene  elegir  el  fondo  de 
fango  blando.  Si  se  necesitara  un  abrigo  momentdneo,  espedalmente  para  los  vientoe 
del  S**  cuadrante,  puede  fondearse  en  la  Coronilla  (10  metres  de  proftindidad).  Cas- 
tillo Grande  (7  metres)  ensenada  de  la  Galavera  (9  metres^  y  fondeadero  del  Arredfe 
(12  metros);  pero  halligidose  siempre  listo  para  zajrpar  en  caso  de  deckrarse  vientoe 
de  af  uera. 

V. 

Ea  conveniente  tener  en  cuenta,  en  esta  recalada,  que  la  meeeta  continental  no 
Idcansa  a  U^gar  a  180  Idldmetros  (100  millas)  de  la  costa  del  departamento  de  Bocha 
y  que  es  muy  acantilada,  pas&ndose  en  algunos  parajee  de  000  a  150  metroe  de  profun- 
didad en  tdtayectos  no  mayores  de  18  kihSmetios  (10  millas)  y  siendo  aun  mfm  notables 
estas  diferendas  al  M.  dd  paialele  34^. 

Sobre  la  meseta  continental,  a  medida  que  se  avanza  hada  el  O.  se  obaervan,  asi- 
BiflQAO,  grandes  desigualdadee  en  la  sonda,  pues  tan  pronto  se  encuentian  140  como  00 
metroe  de  fondo.  La  disminuddn  de  ^ste  ee  r^ida  hasta  encoptrar  la  extremidad  del 
banco  Cabez6n  o  de  La  Plata,  como  se  le  denomina  en  las  cartas  inglesas.  Sobre  Hi 
las  pnrfundidadea  ofdka  entre  20  y  37  metres,  fondo  de  arena  (dura),  blanca  y  fina, 
nendo  el  ancho  miximo  del  banco  en  estos  parajee  de  17  kildmetros  (9  millas). 

Atravesado  el  banco  se  encuentra  una  concavidad  de  fango  con  profundidades  de 
45  a  70  metros,  verdadero  canal  que  c<ffre  paralelo  a  las  coetas  de  Bodia  y  Maldonado. 
Fr6ximo  a  estas  disminuye  el  fondo  y  cambia  de  calidad  y  colcnr:  fango  verdoso  o 
asulado,  fmgo  y  arena,  y  a  voces  estos  mezdados  con  cascajo. 

En  las  inmediadones  del  Polonio  los  fondos  son  de  20  a  30  metros,  arena  gruesa  y 
oonchiUa.  Proximo  al  cabo  Santa  Maria  las  sondas  con  de  18  a  36  metros,  fango  azulado 
y  condiBla  y  en  algunas  partes  estos  mezclados  con  arena;  si  se  halla  a  nUui  de  28 
Idldvetros  (15  millas)  del  cabo  el  fondo  es  majror,  36  a  80  metroe,  y  la  calidad  fango 
verdoso;  mJSs  al  sur  el  fondo  disminuye  y  es  de  arena,  conchilla  y  cascajo. 

En  las  cercanfas  de  la  iala  de  Lobes  el  fondo  es  de  fango  y  de  25  a  30  metros;  por  la 
parte  sur  se  encuentra  a  veoes  fondo  de  roca  y  muy  al  sur  de  arena. 

En  tiempos  dares  y  con  buques  de  vapor  puede  aproximarse  a  la  costa,  sin  m^ 
cuidado  que  dar  un  prudente  reqguardo  a  las  puntas  e  islotes, 

(km  buques  de  vela  es  necesario  tener  muy  en  cuenta  la  direcddn  de  las  oorrientes, 
que  con  vientos  del  segunde  y  tercer  cuadrante  abaten  sobre  la  costa  y  si  el  buque 
qmedaiekeacalmadoooRerfa  el  rie^godeira^  sobre  ella.  Navegando  de  vueha  y  vuelta 
deber^  exiiemarse  las  precaudones,  espedalmente  cuando  se  est^  proximo  a  Lobes, 
y  una  vez  pasada  esia  isla  conviene  mantenerae  en  profundidades  mayores  de  13 
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metros,  fondo  de  fango,  hasta  haber  avistado  el  faro  de  Flores  y  poder  orientarse  por 
^1.  Si  el  fondo  disminuyera  a  menos  de  10  metros,  arena  oscura,  puede  tenerae  la 
seguridad  de  que  se  halla  sobre  el  placer  en  que  radica  el  banco  Ingl^. 

VI. 

Lo6  bancos  mds  importantes  del  Plata,  por  su  8ituaci6n  cerca  de  la  deaembocadura, 
son  lo8  denominado6  Ingles  y  Rouen.  Ademds  existen  otros  como  el  Arqufmedes, 
Cuirassier,  Ortiz,  Chico,  y  los  placeres  de  punta  Piedras,  punta  del  Indio  y  playa 
Honda,  este  dltimo  pr6ximo  al  delta  del  Parand. 

Entrando  al  eetuario  por  las  inmediaciones  de  la  coeta  septentrional,  solo  tiene  que 
esquivarse  el  Ingl^,  si  el  destino  es  Montevideo.  Para  trasladarse  a  los  puertos 
argentinos  hay  que  pasarlos  casi  todos. 

Antiguamente  cuando  atin  no  habian  sido  habilitados  los  puertos  de  Maldonado  y 
Montevideo,  los  buques  frecuentaban  el  paso  por  el  sur  del  Ingl^  y  su  fondeadero 
preferido  era.  la  ensenada  de  Barrag&n,  donde  hoy  existe  el  puerto  de  La  Plata. 

Posteriormente,  los  barcos-correos  espafiolee  acostumbraban  quedarse  en  las  ense- 
nadas  de  Castillo  Chico  o  Grande,  donde  deeembarcaban  la  correspondencia  cuando 
los  pamperos  no  les  permitian  alcanzar  el  puerto  de  Maldonado. 

S^tin  afinnaban  los  viejos  marines,  era  tal  el  horror  que  infundfan  los  bancos  que 
se  suponfan  en  la  desembocadura  y  curso  del  Plata,  que  los  navegantee  llamaban  a 
^ste  el ''  infiemo  de  los  marineros*'  y  los  s^uros  marftimos  eran  iguales  para  navegarlo, 
a  los  que  se  pagaban  desde  Espafia  hasta  la  recalada,  teni^ndoee  por  milagrosa  su 
nav^;aci6n.  Eran  muy  pocos  los  buques  que  se  diriglan  a  ^  y  b6\o  en  tiempo  de 
guerra  se  vefa  alguno  del  Estado.  Los  que  solfan  frecuentarlo  eran  los  del  comercio 
•spafiol,  pero  ninguno  pasaba  de  500  toneladas.  Se  nav^gaba  tinicamente  de  dfa, 
pas&ndose  la  noche  al  ancla. 

La  fecunda  imaginaci6n  de  los  marinos  de  aquella  ^poca  descubrfa  continuamente 
nuevoe  bancos,  cuya  supuesta  ubicaci6n  se  apresuraban  los  hidr6grafos  a  sefialar  en 
las  deficientee  cartas  del  estuario.  Basta  ojear  uno  de  los  manuales  de  navegacidn  del 
Plata,  el  de  Lobo  y  Riudavets,  por  ejemplo,  para  encontrar  los  nombres  de  nume- 
rosoe  bancos  y  bajos  que  no  existen  y  sin  embargo  estin  descritoe  detalladamente 
en  esas  obras. 

Algunoe  de  los  bancos  del  Plata  sufren  modificadones,  eepecialmente  en  las  sec- 
clones  superior  y  media  del  estuario,  debido  a  las  avenidas  de  sus  dos  principales 
afluentes. 

La  enorme  cantidad  de  arenas  y  limoe  que  estoe  arrastran,  se  deslizan  por  endma 
del  banco  de  Flaya  Honda,  poeindose  en  gran  parte  sobre  ^ste  y  acrecentando  los 
restos  el  Ortiz  y  otros,  o  perdi^ndose  sobre  el  vasto  placer  cuya  parte  m^  alta  es  la 
rompiente  del  banco  Ingl6s. 

El  banco  Chico,  que  hasta  hace  unos  25  afios  crecfa  incesantemente,  permanece 
estacionario;  pero  en  cambio  se  ban  extendido  el  de  la  Magdalena  y  el  Culiassier, 
dividi^ndose  este  dltimo  en  doe  partes,  una  de  las  cuales  ha  sido  designada  con  el 
nombre  de  banco  Gaviota. 

Tanto  en  el  canal  del  Norte  como  en  el  del  Medio  ha  aiunentado  la  profundidad, 
disminuyendo  notablemente  en  el  banco  de  los  Pescadores. 

BoTuo  del  Cabezdn, — Este  placer  situado  fuera  de  la  desembocadura  del  Plata — del 
que  incidentalmente  ya  nos  hemes  ocupado — ^viene  a  ser  la  prdongaci6n  hada  los 
45^  de  los  fondos  del,  estuario  menores  de  20  metroe,  producido  por  el  arrastre  de  las 
arenas  en  la  direcci6n  de  las  corrientes .  Se  extiende  frente  a  la  costa  de  Kocha,  aproxi- 
mindose  a  poco  m^  de  30  kil6metros  de  ella  frente  al  cabo  Santa  Maria  y  alej^doee 
hasta  80  al  avanzar  hacia  el  oc6ano. 

Su  longitud  es,  aproximadamente,  de  160  kil6metroe;  su  ancho  es  muy  Tariable* 
teniendo  60  kil6metroe  a  la  altura  del  meriano  54^  80^  y  disminuyendo  hasta  5  en  su 
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extremo  N.  E.    Su  braceaje  es  muy  defligual,  siendo  de  18  metroe  la  prohmdidad 
mfnima  que  Bobre  ^1  se  Bonda,  con  fondo  de  arena. 

Entre  el  Gabez6n  y  la  coeta  existe  el  pozo  de  fango  que  ya  hemes  mencionado  al 
tratar  de  la  recalada.  En  este  pozo  se  encuentran  algunoe  pequefioe  altos  de  28  a  30 
metros  a  inmediaciones  del  cabo  Santa  Maria,  y  a  distancla  de  10  millas,  en  la  direc- 
ci6n  de  la  restinga  de  ^te,  hay  fondo  de  piedra  en  30  metros  de  agua. 

B<meo  IngUs, — Se  halla  entre  los  35°  7^  y  35°  2V  de  latitud,  siendo  su  ancho  decre- 
ciente  desde  el  centre  hacia  las  extremidades.  Su  cabeza  N.  dista  19  kil6metroB 
(10.5  millas),  al  177°  del  faro  de  la  isla  de  Flores. 

La  base  de  este  escollo  es  de  roca,  sobre  la  que  se  han  acumxilado  las  arenas,  exten- 
di^ndose  especialmente  en  direcci6n  a  los  cuadrantes  meridionales. 

Desplaya  en  varios  parajee  y  en  su  parte  mis  alta,  donde  s61o  hay  1  metro  de  agua» 
rompe  constantemente. 

Al  norte  del  paralelo  del  banco  el  fondo  es  de  barro  blando;  al  sur  de  arena  parda, 
arena  y  conchiUa  y  pedregullo.  En  los  veriles,  el  fondo  de  barro  blando  aparece 
gradualmente  mezclado  con  arena,  habiendo  algunos  parajes  en  que  el  cambio  de 
calidad  del  fondo  es  repentino. 

En  el  capltulo  correspondiente  hemes  mencionado  ya  el  valizamiento  actual  de 
este  escollo. 

EI  gdbiemo  de  la  Repdblica  Oriental  del  Uruguay,  bajo  cuya  juri8dicci6n  se  en- 
cuentra  el  banco  Ingl^,  proyecta  hacer  construir  sobre  ^ste  una  torre-faro,  con  luz 
de  gran  alcance. 

Banco  Arquimedes. — Se  halla  al  W.  del  Ingl^,  separado  por  un  canal  de  9  a  15  kil6- 
metros  (5  a  8  millas)  de  amplitud  y  9  metros  de  profundidad. 

La  mayor  extensidn  de  este  banco  es  de  5  kil6metros  de  N.  a  S.,  con  4  m.  50  de  pro- 
fundidad mfnima.  En  su  parte  occidental  existe  una  boya  de  luz  roja  a  destellos. 
Al  O,  y  al  S.  hay  varios  pequefioe  bajos  fondos  de  5.5  metros  a  distancia  de  6  millas 
de  los  veriles  del  banco. 

Banco  Rouen. — Ocupa  el  centre  de  la  boca  del  estuario,  sobre  el  meridiano  56° 
extendi^ndose  22  kil6metros  (12  millas)  de  N.  a  S.  Su  profundidad  mfnima  es  de  6 
metros  fondo  de  arena  negra  y  piedra  en  algunos  parajes. 

Banco  Cuirasgier. — ^Est&  situado  20  kil6metros  al  rumbo  22°  de  la  punta  del  Indio, 
tendido  en  direcci6n  N.  W.-S.  E.,  con  5  kil6metros  de  largo,  2  de  ancho  y  5  metres  de 
profundidad. 

BaTico  Oaviota, — ^Es  una  porci6n  segregada  del  anterior,  situada  al  N.  W.,  sepa- 
r&ndola  un  canal  de  2  ldl6metroe  de  amplitud  y  6  metres  de  profundidad. 

Ambos  bancos  angostan  el  canal  del  Medio  conjuntamente  con  el  extremo  S.  E. 
del  Ortiz. 

En  el  capftulo  siguiente  describiremos  la  Barra  de  la  Punta  del  Indio,  situada  entre 
estos  bancos  y  la  costa  argentina. 

Banco  Ortiz. — Es  el  m^  extenso  de  todos  los  situados  en  el  Plata.  Su  extremo 
N.  W.,  denominado  banco  de  los  Pescadores,  queda  frente  a  la  ciudad  de  la  Colonia. 
Su  extremo  S.  E.  queda  frente  a  pimta  del  Indio,  a  24  kil6metro6  de  distancia.  Su 
mayor  anchura  es  de  30  ldl6metros  a  la  altura  de  Oufr6  y  el  banco  Chico. 

Los  buques  de  3  metros  de  calado  pueden  navegarlo  en  casi  toda  su  extensi6n, 
salvo  algunos  pequefios  bajos  fondos  de  2  metros  pr6ximos  al  veril  meridional. 

Bancos  Chico  y  de  la  Magdalena. — Forman  un  extenso  placer  entre  los  canales  del 
Medio  y  del  Sur,  al  E.  del  meridiano  de  punta  Atalaya.  El  banco  Chico  tiene  17 
kil6metros  de  N.W.  a  S.E.con  3  metros  de  profundidad.  El  de  la  Magdalena  tiene 
20  kil6metros  de  extensi6n  con  profundidad  mfnima  de  1.50  metros. 

Este  placer  estd  valizado  con  dos  pontones-faros,  denominados  Intermedio  y  Banco 
Chico,  y  tres  boyas  luminosas. 

En  el  Plata  Superior  existen  numerosos  bancos,  siendo  el  m&s  extenso  el  denomi- 
nado Placer  de  las  Palmas  o  Playa  Honda,  que  se  extiende  desde  el  delta  del  Parand 
hasta  el  meridiano  58°j  pero  su  conocimiento  solo  interesa  a  la  navegaci6n  de  cabotaje. 
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VII. 

Todas  las  ielas  ezistentes  en  el  estuario  del  Plate  se  hallan  pr6zimafl  a  la  coeta  de  la 
Repdblica  Oriental  del  Uruguay. 

Frente  a  punta  del  Este  estd  la  Isla  de  Lobos,  con  bu  fxto  que  seffala  la  entrada  del 
estuario.  Tiene  1,100  metroe  de  extensi6n  de  N.  a  S.,  750  de  E.  a  W.  y  20  de  altuia. 
Es  de  piedra  y  despide  restingas  al  S.  y  S.  E.  y  un  extenso  arrecife  al  E. 

La  isla  Gorriti  proporciona  abrigo  a  la  bahfa  de  Maldonado,  tiene  1,500  metroe  de 
largo  por  700  de  ancho;  ee  baja  y  formada  de  piedra  y  arena.  Antiguamente  eetuTO 
fortificada. 

La  isla  de  Floree  es  importante  por  su  estrat^ca  situacidn  cercana  a  Montevideo, 
Tiene  2,300  metaros  de  longitud  y  500  de  ancho.  Es  de  piedra  y  con  las  grandee  cre- 
cientee  queda  dividida  en  tree  partes.  En  esta  isla  se  encuentran  los  edificios  del 
lazareto,  donde  son  desembarcados  los  pasajeros  atacados  de  enfermedades  infecto- 
contagiosas.  Hay  en  ella  im  piquete  de  marineria,  oficlnas  de  correo,  tel^grafo  y 
estaci6n  eemafdrica. 

En  la  parte  m^  alta  y  cerca  del  eztremo  S.  W.  se  levanta  una  torre  con  un  faro,  que 
emite  dos  destellos  blancos  cada  10  segundos,  siendo  visible  a  36  kil6metro8. 

En  el  interior  de  la  bahfa  de  Montevideo  se  encuentra  la  isla  Libertad,  que  se 
Qtiliza  para  depdsito  de  inflamables. 

En  el  Plata  Superior  existen  algunas  islas,  como  las  de  San  Grabriel,  Fandldn  (con 
un  faro),  L6pez  y  Homos  frente  a  la  ensenada  de  la  Golonia;  Martin  Garcia,  (rente  a 
la  punta  Martin  Ghico;  Dos  Hermanas,  Sola  y  Juncal. 

£n  divetsas  partes  de  la  costa  hay  tambidn  varios  islotes. 

VIII. 

La  navegaci6n  en  el  Plata  puede  hacerse  por  el  N.  o  por  el  S.  del  banco  Ingles. 

La  parte  m^  angosta  del  canal  N.  es  de  19  kil6metros  entre  dicho  banco  y  la  isla 
de  Flores,  y  la  profimdidad  varla  entre  30  y  11  metres  (esta  tiltima  muy  cerca  de  punta 
Brava). 

El  menor  ancho  del  canal  S.  es  de  55  kil6metros  (entre  el  mismo  banco  y  el  placer 
de  punta  Piedras)  y  su  piofundidad  4e  15  a  7  metres,  oicontr^doee  ademia  en  la 
entradii  el  banco  Rouen. 

La  navegacidn  por  el  N.  del  Ingl^,  ofrece,  fuera  de  toda  duda,  mayores  ventajaa 
y  es  la  que  vamos  a  describir  someramente. 

Reconoddo  el  cabo  Polonio  y  halUuidoee  N.  S.  con  ^1  a  distancia  no  menor  de  10 
millas,  se  puede,  con  buques  de  vapor,  a  un  solo  nimbo  (246**)  siempre  que  el  tiempo 
sea  claro,  dirigirse  a  pasar  por  el  N.  de  la  isla  de  Lobos  (distancia  navegada,  110  kil6- 
metios  6  60  millas).  De  Lobos  se  llegar4  a  Montevideo  con  el  rumbo  270^  despu^ 
de  navQgar  120  kil6metros,  o  sea  65  millas,  pasando  6  kildmetros  al  S.  de  la  iila  de 
Flores. 

Esta  serla  la  deirota  m^  corta,  siendo  la  menor  profundidad,  frente  a  Montevideo, 
de  10  metros;  pero  si  se  prolongara  el  canal  de  acceso  a  este  puerto  en  direcoidn  117^ 
y  en  un  tiayecto  de  10  kil6metroe,  podrian  llegar  a  61  buques  hasta  de  11  metros  de 
calado. 

Si  el  destine  del  vapor  fuera  La  Plata  o  Buenos  Aires,  desde  Lobos  deberia  hacerae 
rumbo  265**  hasta  haUaree  N.  S.  con  Flores  (90  ]dl6metros)  y  desde  aqui  251^  hasta  el 
pant6n  Recalada  (37  kil6metros),  tomando  luego  el  canal  valizado  con  doble  hilern 
de  (>oyas  luminosas  que  ccmduce  a  trav^  de  la  barra  de  la  punta  del  Indio  al  rumbo  270® 
(60  kil6metros).  Del  cpdillo  de  este  canal,  con  el  rumbo  309°  se  va  al  pontdn-faio  del 
banco  Ohico  (65  kil6metros),  desde  el  cual  se  puede  hacer  rumbo  directo  a  ke  male- 
cones  del  canal  de  entrada  al  puerto  de  la  Plata  (33  kil6metros)  o  al  de  Buenos  Aires 
(44  kil6metros)9  entrando  por  el  canal  cuya  extensidn  es  de  37  ]dl6metrQe  hasta  la 
4toena  norte.    Este  canal  se  halla  valizado  con  boyas  luminosas  [colocadas  de  a 
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pares  cada  kil6metro  y  valizaa  fijaa  cada  dnco.    Su  menor  profundidad  es  de  8  metros 
y  Bu  ancho  de  100. 

En  la  navegaci6n  deede  el  pont6n  Recalada  hasta  km  pi^ertoa  aigeatuiOB  es  obliga 
torio  utiliaar  prictico. 

En  todoe  eetos  canales,  como  ya  lo  hemoe  dicho,  el  fondo  es  de  fango,  y  se  hallari  el 
buque  tanto  m&B  pr6ximo  a  loe  bancos  cuanto  mia  mezclado  se  ^caentre  el  fango 
con  arena  o  que  el  escandallo  acnse  fondo  mia  duro. 

Si  el  barco  se  dirigiera  al  puerto  de  la  Colonia  o  a  los  rfoe  Uruguay  o  Parand,  deede 
6l  pont6n  del  banco  Chico  deberd  hacer  rumbo  288^  (44  kil6metroe)  iiasta  encontrar 
^1  canal  balizado  que  conduce  al  FaralI6n. 

Toda  esta  navegaci6n  esU  subordinada  a  la  prohindidad  de  la  barra  de  la  punta  del 
Indio,  que  es  de  6  metros.  Iios  vapores  o  veleros  a  remolque  tienen  en  el  canal 
dragado  una  profundidad  dQ  7.50  metros. 

Esta  barra  consiste  en  un  vasto  placer  de  fango  y  conchilla,  que  intercepta  los 
canalee  del  medio  y  del  Sur,  desde  el  extreme  S.  £.  del  bapco  Ortiz  hasta  la  costa 
azgentina. 

Eetd  cruzada  por  el  mencionado  canal  artificial  balizado  ccm  32  hoyBs  luminosas 
colocadas  de  a  pares  cada  5  kil^metroe  y  distantee  una  de  otra  500  metros.  Desde  el 
1**  hasta  el  11^  par  de  boyas  el  canal  corre  en  direcci^n  270**,  atravesado  45°  a  las 
corrientee.  Desde  el  11°  par  toma  al  rumbo  309°,  paralelo  a  la  direcci<Sn  de  las 
corrientes.  La  parte  menos  profunda  est4  frente  al  banco  Cuirassier  y  ee  de  7.50 
metros  fondo  duro. 

El  nivel  medio  de  las  aguas  es  de  1  metro  sobre  cero;  las  credentes  ordinarias 
son  de  1.80  metros  y  las  extraordinarias,  con  temporales  del  segundo  cuadrante,  de  3 
metros. 

Entre  el  Cuirassier  y  Buenos  Aires  es  donde  se  encuentran  las  mayores  profun- 
didades;  pero  debe  tenerse  presente  que  los  bancos  del  venl  sur  son  acantilados, 
mientras  que  por  la  parte  del  Ortiz  los  fondoe  disminuyen  graduahnente,  lo  cual  es 
una  indicacidn  preciosa  para  los  cases  de  bruma  en  que  no  puedan  avistane  lae  luces 
de  los  pontones-faros. 

IX. 

Los  principales  puertos  del  Plata  son:  Maldonado,  Piriipolis,  Monteyideo,  Sauce  y 
Colonia  en  la  costa  de  la  Reptiblica  Oriental  del  Uruguay;  La  Plata  y  Buenos  Aires 
en  la  Aigentina;  pero  los  m^  importantes  desde  el  punto  de  vista  comercial  son 
Montevideo  y  Buenos  Aires. 

El  puerto  de  Montevideo  tiene  un  antepuerto  espacioso,  defendido  por  doe 
escoUeras  de  940  y  1,300  metros  de  largo,  respectivamente,  perpendiculares  una  a  la 
otra  y  dejando  entre  ellas,  en  el  &ngulo  que  forman  una  abertura  de  300  metros  para 
la  entrada  y  salida  de  los  buques  de  gran  calado.  El  puerto  comercial  lo  forman  doe 
dtoenas  de  600  por  500  metros,  con  3,400  metros  lineales  de  muros  de  atraque,  a  cuyo 
pie  hay  9  metros  de  agua,  pudiendo  ser  profimdizado  hasta  10  metros. 

Hay  en  el  antepuerto  10  metros  y  8  metros  en  el  canal  de  acceso. 

Ahora  bien,  siendo  el  nivel  medio  de  la  marea  90  centimetres  y  pudiendo  los  buques 
cortar  con  sus  quillas  60  centfmetros  del  fondo  debarroblandoqueconstituyeel  canal, 
puede  contarse  normalmente  en  ^te  con  9.50  metros  de  agua. 

Se  proyecta  profundizar  el  canal  a  12  metros  y  construir  dos  nuevas  dtoenaa  con 
este  mismo  fondo. 

El  puerto  cuenta  con  dep^sitos  modemos  para  las  mercaderias,  las  que  pueden 
pasar  directamente  a  elloe  desde  las  bodegas  de  los  trasatl&nticos,  existiendo  un  per- 
fecto  servicio  de  grdas  y  trasportadores  el^ctricos,  vlas  f^rreas,  etc. 

Hay  dos  diques  de  carena,  uno  de  elloe  de  140  metros  de  eslora,  16  de  manga  y  5  de 
puntal  sobre  los  picaderos,  con  marea  ordinaria. 

Se  proyecta  construir  im  dique  seco  de  grandes  dimenaiones. 
68436— 17— VOL  vi 24 
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Lo6  siguientes  datos  demuestran  las  condicioiMe  favorablee  en  que  se  halla  el  puerto 

de  Montevideo  en  lo  relativo  a  mareaa: 

Metrot. 

Mayor  credente  (16  Abril  1914). 4.00 

Mayor  bajante  (6  Septiembre  1892) —0.94 

Nivel  medio +0.90 

Altas  ordinarias 1.31 

Bajas  ordinaiias +0.51 

E^te  puerto  puede  admltir  en  sua  ddraenas  buquee  de  cualquier  eslora  y  manga,  j 
mediante  obras  de  dragado  y  prolongaci6n  del  canal  de  acceeo  podri  dar  entrada  a 
trasatlinticos  de  11  metroe  de  calado,  gradas  a  su  situacidn  inmediata  a  los  mayofes 
fondos  del  estuario. 

£1  puerto  de  Buenos  Aires  estd  formado  por  cuatro  diques  y  dos  d^vsenas,  la  norte  y 
la  Bur,  en  los  diques  hay  7  metros  de  agua  al  cero,  y  en  la  parte  que  comunican  con  los 
dirsenas  tienen  compuertas  para  mantener  el  nivel  del  agua  en  caso  de  bajante. 

£n  la  dirsena  norte  la  profundidad  es  de  9  metros;  en  el  canal  de  acceso  a  ^sta  8 
metres  y  en  el  de  la  d&rsena  sur  7. 

En  la  parte  norte  de  la  ciudad,  pr6ximo  a  la  dirsena  de  este  nombre,  se  estd  pro- 
cediendo  a  la  constnicci6n  de  cinco  muelles  que  formardn  cuatro  nuevas  ddrsenas. 

£1  calado  miximo  de  los  buques  que  pueden  entrar  a  Buenos  Aires  estd  subordinado 
a  la  profundidad  del  canal  artificial  de  la  barra  de  la  punta  del  Indio  (7.50  metros). 

La  marea  es  de  30  a  60  centfmetros;  pero  con  los  vientos  del  segundo  o  cuarto 
cuadrantes,  respectivamente,  sube  o  baja  de  2.50  a  3  metros. 

£1  puerto  de  La  Plata  tiene  6.40  metros  de  profundidad;  pero  se  proyecta  dragar  el 

canal  del  rio  Santiago  a  8  metros. 

««««««« 

£1  puerto  de  Maldonado  que  se  halla  en  la  entrada  del  estuario;  a  100  kil6metros 
de  Montevideo,  tiene  profundidades  hasta  de  15  metros;  neceeitando  tinicamente 
algunas  obras  complementarias  para  ser  convertido  en  el  mis  amplio  y  de  f&cil  acceso 
de  todos  los  del  estuario. 

£ntre  Maldonado  y  Montevideo  estd  el  puerto  de  Piri&polis,  con  12  metros  de  agua 
y  una  escoUera  de  abrigo;  pero  que  en  la  actualidad  sdlo  tiene  importanda  como  esta- 
ci6n  balnearia. 

X. 

£1  r^imen  general  de  las  aguas  del  Plata  esti  subordinado  a  la  direcci6n  y  fuerza  de 
los  vientos. 

La  marea  lunar  s61o  se  produce  con  tiempo  bonancible. 

Esto  tiene  su  expUcaci6n  en  la  forma  particular  del  estuario,  cuya  desembocadura 
amplia  y  poco  profunda,  forma  un  vasto  golfo  al  cual  son  arrojadas  las  aguas  del  mar 
por  la  mis  moderada  brisa  del  lago  y  del  que  igualmente  se  retiran  bajo  la  acci6n  de  los 
vientos  de  tierra. 

Influye  tambi^n  en  el  nivel  de  las  aguas  el  enorme  caudal  que  aportan  incesante- 
mente  los  rios  Parani  y  Uruguay. 

Con  el  estuario  en  calma  se  producen  dJariamente  dos  corrientes  de  S.  £.  a  N.  W.» 
altemadas  por  otras  dos  en  sentido  inverse.  Al  penetru*  la  onda  de  marea  se  divide  en 
dos  ramas  principales  que  avanzan  con  mayor  facilidad  por  los  canales  m&a  profundos, 
se  retrasan  en  los  bancos,  alcanzando  velocidades  distintas,  siendo  mayor  el  movi- 
miento  de  propagacidn  correspondiente  a  la  costa  septentrional. 

Debido  a  estas  diferencias  de  velocidades  se  producen  corrientes  trasversales,  de 
direcciones  opuestas  segdn  se  originen  en  el  flujo  o  reflujo.  Las  dos  ondas  de  marea^ 
avanzan  una  desde  Montevideo  y  otra  de  la  punta  Pi^dras,  se  encuentran  y  predomina 
una  de  ellas  segtin  la  direccidn  del  viento  reinante. 
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Pero,  como  ya  lo  hemos  dicho,  estos  movimientoe  de  piopagaci6n  eon  modificadoe  por 
loe  vientos.  Tienen  ellos  tan  grande  Influencia  sobre  la  altura  de  las  aguas,  que  es  caai 
siempre  poslble  predecir  los  cambloe  de  tiempo  por  la  observacidn  diaria  de  dicha  al- 
tura y  de  la  direcci6n  de  la  coniente. 

Antes  que  loe  vientos  del  segundo  cuadrante  lleguen  a  la  costa,  el  nivel  del  agua 
empieza  a  crecer  en  la  orilla  meridional.  Algunas  boras  antes  del  anribo  del  pampero 
(viento  del  tercer  cuadrante)  el  agua  crece  en  el  puerto  de  Montevideo  y  costas  in- 
mediatas,  obserdmdose  que  siempre  que  los  vientos  soplan  a  trav^  del  estuario  laa 
aguas  bajan  en  una  orilla  y  suben  en  la  opuesta. 

En  resumen,  loe  vientos  del  S.  E.,  que  soplan  en  direcci6n  normal  a  la  deeemboca- 
dura,  pioducen  credente  general;  si  soplan  al  S.  aumenta  la  credente  en  la  costa 
oriental  y  la  bajante  en  la  argentina;  si  giran  al  S.  W..  se  acentdan  amboe  movimien- 
tos,  habi^dose  observado  en  la  costa  de  Montevideo,  al  soplar  el  viento  del  cuarto  al 
tercer  cuadrante  aumentando  de  intensidad,  alturas  positivas  de  1  metro  en  media  h(nra 
de  tiempo,  aproximadamente. 

Con  vientos  del  W.  la  bajante  se  hace  general  en  ambas  orillas. 

La  coniente  piodudda  por  las  mareas  no  pasa  de  2  kil6metros  en  el  flujo  y  de  3  en  el 
r^ujo.  En  cambio,  las  que  ocasionan  los  vientos  alcanzan  a  5  y  7  kilometros  en  algu- 
nos  parajes. 

La  cafionera  inglesa  "Bea^e"  comprob6  una  corriente  de  9  kil6metros  en  direcci6n 
al  Este,  halUndose  fondeada  al  W.  S.  W.  de  Lobos,  y  ban  ocurrido  cases  de  buques 
encalmados  que  ban  side  abatidos  en  una  nocbe  desde  el  S.  de  Lobos  alN.de  Castillos 
y  de  las  proximidades  del  banco  Ingl^  a  Lobos. 

Cuando  la  coniente  viene  del  Este  a  lo  largo  de  la  costa  septentrional,  pueden  espe- 
rarse  vientos  de  la  misma  direcci6n. 

Antes  de  dedararse  los  vientos  del  segundo  o  tercer  cuadrantes,  la  coniente  eatn.  en 
el  estuario  y  hace  subir  el  nivel  del  agua  a  una  altura  propordonal  a  la  duraci6n  y 
fuerza  del  temporal. 

XI. 

Los  vientos  en  d  estuario  dd  Plata,  adem^s  de  su  influenda  en  d  aumento  o  dis- 
minud6n  de  las  aguas,  y  direcci6n  de  las  corrientes,  a  que  ya  nos  hemos  referido,  pro- 
ducen  cambios  considerables  en  la  temperatura  y  humedad  atmosf^cas. 

Los  vientos  dominantes  son  los  del  segundo  cuadrante  o  suestadas,  que  enfilan  direc- 
tamente  a  lo  largo  del  estuario,  levantando  gruesa  marejada  y  viniendo,  por  lo  general, 
acompafiadoe  de  nieblas  o  gardas,  que  dificultan  la  navegad6n.  Estos  fendmenos  son 
m&9  peligrosos  fuera  de  la  desembocadura;  pues  obligan  a  disminuir  la  marcha  de  los 
buques,  con  lo  cual  aumenta  d  abatimiento  produddo  por  la  corriente,  que  si  no  se 
tiene  muy  en  cuenta  puede  llevar  el  buque  a  las  costas  de  Castillos,  o  d  se  encontrara 
dentro  de  la  boca  del  estuario  sobre  la  rompiente  del  banco  Ligl^s. 

Estos  vientos  vienen  precedidos  de  un  aumento  en  la  pred6n  atmosf^rica,  credda  de 
las  aguas  con  fuerte  corriente  hada  d  N.  W.  y  W.  y  mal  cariz  con  horizonte  rojizo  a  la 
salida  del  sol. 

La  velocidad  de  los  vientos  del  segundo  cuieuirante  es  tanto  mayor  cuanto  m^  r&pida- 
mente  se  verifica  la  subida  del  bar6metro. 

Los  vientos  del  tercer  cuadrante  redben  d  nombre  de  pamperos,  en  virtud  de  venir 
por  endma  de  las  llanuras  argentinas  llamadas  pampas.  Sus  mayores  dectos  se 
denten  en  la  costa  septentrional,  donde  producen  r&pida  credente  durante  las  tres  o 
cuatro  primeras  horas  inid&ndose  luego  la  bajante  con  corriente  en  direcd6n  a  la  boca 
dd  estuario. 

El  promedio  antial  de  pamperos  es  de  20«  habi^ndose  observado  en  los  dltimos  afios 
que  ban  tenido,  en  los  casos  m^  notables,  direcd6n  W.  }  SW.  con  mementos  de  180 
ldl6metros  por  hora,  produdendo  das  de  cerca  de  2  metros  en  la  bahfa  de  Montevideo  y 
2.50  metros  en  la  costa  inmediata. 
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Lo0  pamperoe  est&n  clasificados  en  doe  categorfas :  locales  y  generales.  Loe  ptimeros 
son  de  corta  duracidn  7  aunque  soplen  con  alguna  violencia  el  cielo  se  mantiene  des- 
X>eJado.  Loe  generalee  suelen  durar  varioe  dfaa,  generalmente  tree,  acampafiadoe  de 
gariias,  en  cuyo  caso  se  les  denomina  pamperos  sudos. 

En  v^ano  suelen  tener  menor  d\iraci6n  que  en  lae  otras  estadones;  pero  a  vecee  son 
violentos  7  temibles. 

Loe  fen6menos  que  preceden  a  los  pamperos  son:  vientoe  del  N.  7  N.  W.,  que 
enrarecen  el  aire,  elevan  la  temperatura  7  hacen  descender  la  colmnna  barom^trica; 
trasparencia  de  la  atm^efera  7  fen6menos  de  refiracci6n,  espedalmente  en  el  Plata 
Superior,  donde  los  buques  vistoe  desde  derta  distancia  parecen  estar  elevados  sobre 
la  superficie  del  agua,  lae  coetas  se  confunden  7  las  islas  aparentaA  acercaise  o  caibbia^ 
de  poeld6n.  Cuando  desde  Buenos  Aires  se  deecubre  la  coeta  de  la  Bepdbllca  OrienUl 
del  Urugua7  entre  la  Colonia  7  Kartin  Garcia,  o  las  dmae  de  los  cerros  de  San  Juan, 
es  sefial  segura  de  cambio  de  tiempo. 

Pocos  momentoe  antes  de  empezar  el  pampero,  se  advierte  una  disminuci6n  en  la 
yeloddad  del  viento  norte  0  noroeste  reinante;  luego  un  perfodb  de  calma;  fusilazos 
en  el  horizonte  del  tercer  cuskirante,  conjuntamente  con  la  aparid6n  en  el  mismo  de 
nubee  color  azul  oecuro,  7  movimiento  de  ascenso  de  las  aguas  que  entran  con  fiierza  a 
los  puertos  de  la  costa  norte. 

Los  pamperos  alcanzan  a  vecee  violencla  extraordinaria,  habiendo  babido  casos 
en  que  ban  arrojado  gran  cantidad  de  buques  a  la  costa.  Estos  acddentes,  ban  dis- 
minuido  en  gran  parte  despu^s  de  la  construcd6n  de  obras  de  abrigo  en  el  puerto  de 
Montevideo,  donde  eran  mis  frecuentee  ix>r  la  gran  aglomerad6n  de  buques.  H07 
86I0  sufren  las  consecuencias  de  estos  temporales  los  buques  anclados  en  la  rada, 
espedalmente  loe  de  vela,  que  no  adoptan  con  tiempo  las  precaudones  necesarias. 

Loe  vientos  del  norte-nordeste  al  oeste-noroeste  producen  las  ma7ores  bajantes 
hadendo  descender  al  mismo  tiempo  la  columna  baiom^trica,  observ^dose,  por  b 
tanto,  que  la  curva  de  prefli6n  7  la  de  marea  aiguen  tra7ectoria8  casi  paralelas.  Adem&i 
estos  vientos  dan  lugar  a  la  formad6n  de  un  oleaje  cc»rto  7  continuado,  que  remueve 
los  fondoe  del  estuaiio  7  retrasa  el  crecimientode  los  bancoe  al  impedir  ladecantad6n 
de  los  Umoe  que  arrastran  las  corrlentes. 

Durante  la  estad6n  calurosa  se  entablan  por  la  tarde  brisas  frescas  del  Este,  flamadas 
^'virazones."  Cuando  estas  no  se  producen  7  los  vientos  se  mantienen  por  el  4^  cua- 
drante  es  sefial  segura  de  mal  tiempo. 

Los  vientos  reinantes  durante  la  mayor  parte  del  afio  son  los  del  Norte,  7  en  segondo 
tannine  los  del  Sur  al  Este,  como  puede  verse  por  los  promedloe  obtenidos  en  nueve 
afios  (190(^14)  por  el  Institute  Meteorol<3gico  Nadonal,  de  Montevideo:  Enero,  febrero 
7  marzo:  Norte.  Abril:  Sur.  Mayo,  junlo,  julio  7  agosto:  Norte.  Septiembre  7 
octubre:  Sudeste.    Noviembre  7  didembre:  Norte. 

Promedio  anual  de  kil6metro6  recorridoe,  211,  892. 

Momento  de  velocidad  mAxima  en  los  nueve  afios:  208  kil6metios  el  dfa  15  de  mayo 
de  1911  a  las  17  boras  30,  con  direccidn  del  Sur. 

Promedio  de  veloddad  horaria,  24  kil6metros. 

XII. 

De  las  observadones  practicadas  en  Montevideo  reeulta  que  la  temperatura  media 
atmosf^rica  es  de  18°;  la  maxima  extrema  de  41°  7  la  minima  extrema  de  0°92. 

Los  promedios  en  las  diferentes  estacionee  son:  verano,  22°;  otofio,  14°;  invierno,  12°; 
pnmavera,  18°. 

Las  temperaturas  extremas  ban  ll^gado  a  44°  al  sol  7  35°  50^  al  abrigo,  7  a  — 
3°  50^  a  laintemperie  7  +  1^  40^  al  abiigo. 

En  cuanto  al  estado  del  delo  ha7  durante  el  afio  244  dias  serenes,  85  nublados  7  36 
delluvia. 
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£n  laa  estaclones  inteiioedias,  eepedalmente  ^  la  piimaT^n,  la  tempeiatura  es  muy 
variable,  dendo  irecuente  expeiimentar  en  un  aolo  dla  laa  influenciafl  de  laa  cuatre 
estaciones. 

La  temperatuia  en  Buenos  Auea  es  de  1^  a  2^  m^  elevada  que  en  Montevideo  en 
verano,  y  m4B  bfl^a  en  igual  piopozcidn  en  el  inviemo. 

La  cantidad  media  de  lluvia  anual  es  de  900  millmetios.  La  estacxdn  mia  Uuviosa 
es  el  inviemo  y  la  mis  escasa  en  precipitaciones  aeuosaa  el  otofLo.  Sin  embaxgo  esta 
regla  sulre  excepciones.  Suele  tambi^  caer  granizo,  pero  no  con  frecuencia  ni  de 
tamafio  muy  grande. 

XIII. 

La  tCTiperatura  media  de  las  aguas  del  Plata,  segtin  obeervaciones  practicadas  fuera 
del  ante-puerto  de  Montevideo,  durante  el  periodo  de  nueve  afioe  mendonado,  es  de 
13^  7^.  Los  promedios  para  las  distintas  estaciones  dan  10*^  en  verano  y  8^  en  in- 
viemo, alcanzando  la  maxima  a  27®  (lebrero  de  1906)  y  la  minima  a  3®  40^  (juHo  de 
1910). 

£1  m^TJmum  de  sales  en  disolucidn  se  encuentra  durante  los  vientos  del  segundo 
y  tercer  cuadrantes.  £n  verano,  la  proporddn  media  es  de  15  gramos  por  1,000;  en 
inviemo  de  9,  si  bien  eetas  cifras  sufren  altemativas  segtki  la  direcci6n  de  los  vientos. 

La  maxima  cantidad  de  eloruro  de  sodio  encontrada  ha  sido  de  33.97  gramos  por 
1,000,  con  viento  del  sudeste,  y  la  minima  de  0.58  con  viento  del  cuadiante  opuesto. 

RBSUMBN. 

£1  verdadero  llmite  norte  de  la  desembocadura  del  Plata  es  el  cabo  denominado 
Punta  del  £8te. 

£n  el  Plata  Superior,  el  talweg  natural  lo  constituye  el  Canal  de  Martin  Qarcla, 
denominado  eo.  las  tiltimas  cartas  inglessB  Canal  Buenos-Aires. 

La  Isla  de  Flores  y  los  Bancos  Ingles  y  Rouen  demuestran  ser  la  cQntinuaci6n 
submarina  de  las  sierras  de  la  costa  septentrional. 

£1  estuario  del  Plata  estd  muy  lejos  de  merecer  el  tltulo  de  infiemo  de  los  mari- 
neros  con  que  lo  bautiz6  la  propaganda  noveleeca  de  los  navegantes  del  siglo  XVIII. 
Su  navegaci6n  es  f^il,  siempre  que  se  preste  la  debida  atenci6n  a  la  sonda  y  a  la 
direcci6n  conocida  de  las  coirientes  aegta  el  viento  reinante.  A  la  omisi6n  de  eetas 
precauciones  ha  sido  debida  la  mayor  parte  de  los  naufragios  en  las  coetas  de  Rocha 
y  Maldonado  y  Banco  Ingles. 

La  recalada  debe  efectuarse  sobre  la  costa  norte,  por  las  facilidades  que  ofrece 
para  su  reconocimiento  y  los  excelentes  faros  modemos  en  ella  instalados. 

£1  uso  de  la  sonda  tiene  gtandlsima  importancia  en,  la  recalada;  pues  el  conoci- 
miento  exacto  de  la  profundidad  y  calidad  del  fondo  permite  sab«r  la  distanda  aproxi- 
mjida  a  que  el  buque  se  encuentra  de  la  costa. 

^  necesario,  al  inismo  tiempo,  tener  absoluta  seguridad  en  la  latitud. 

£n  case  de  duda,  no  debe  pasarse  a  fondos  menores  de  30  metres. 

£n  tiempos  claros  y  con  buques  de  vapor  puede  aproximarse  a  la  costa  norte  sin 
m&B  precauci6n  que  dar  un  pmdente  re^guardo  a  las  puntas  e  idotes. 

Con  vientos  d^  segundo  y  tercer  cuadrantes  las  corrientes  abaten  sobre  la  costa 
norte. 

£1  puerto  de  Montevideo  puede  admitzr  actualmente  buques  hasta  de  9  metros  de 
calado  y  de  cualquier  dlmensi6n  ^i  lo  que  respecta  a  esl<nra  y  manga. 

Prokmgando  su  canal  de  acceso  en  una  extensi<Sn  de  8  kiMmetros  al  rumbo  117^  y 
aumentando  su  prelundidad,  podrlan  entrar  a  61  buques  hasta  de  11  metros  de  calado. 

£ste  puerto  es  absolutamente  gratuito  para  los  buques.  S^  es  obli^torio  tomar 
pr^tico  para  la  entrada  y  salida. 

Para  los  buques  que  tenuinan  sus  viajes  en  los  pu^rtoe  de  Buenos  Aires,  La  Plata  y 
en  los  situados  sobre  las  riberas  del  Parani  y  Uruguay,  tiene  gran  importancia  Monte- 
video como  puerto  de  trinsito,  pues  por  su  mayor  profundidad  les  permite  completar 
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el  cargamento  y  la  provisidn  de  combufltible,  habiendo  mempre  un  stock  de  60,000  a 
70,000  toneladas  de  carbon  y  eetando  procedi^ndoee  actualmente  a  la  iiiBtalaci6ii  de 
dep6flito8  para  combustible  Ifquido. 

El  calado  miximo  de  los  buques  que  pueden  entrar  al  puerto  de  Buenos  Aires  esUl 
Bubordinado  a  la  profundidad  del  canal  artificial  que  atraviesa  la  barra  de  la  Punta  del 
Indio  (actualmente  7.50  metros). 

La  babf  a  de  Maldonado,  por  su  aituacidn  a  la  entrada  del  Plata,  a  sdlo  100  kildmetroe 
de  Montevideo  y  con  profundidades  basta  de  15  metros  est&  llamada  a  un  gran  porvenir, 
prestdndose  admirablemente  para  el  establecimiento  de  un  puerto  £ranco  y  eetacidn 
carbonera  para  los  vapores  que  bacen  la  carrera  entre  el  Atldntico  Norte  y  Pacifico  Sur. 

Para  completar  el  alizamiento  modemo  de  la  entrada  del  Plata  es  urgente  e  indis- 
pensable la  construpci6n  de  un  faro  fijo  de  gran  potencia  sobre  el  Banco  Ingl6s,  como  lo 
demuestra  la  estadistica  de  los  naufragios,  y  modificar  el  de  la  Punta  Jos6  Ignacio, 
hoy  s61o  visible  a  13  kil6metro6  que  por  la  deficienda  y  fijeza  de  su  luz  se  presta  a  peH- 
grosas  confusiones. 

BIBUOaiLLrfA. 

BaKzano  (Hamlet),  Publicaciones  del  Observatorio  Meteoiol6gico  Naqional  (Monte- 
video). 

Lobo  y  Riudavets,  Manual  de  Navegaci6n  del  Rio  de  la  Plata. 

Miranda  (Capita  de  Navio  Jos6  A.),  Apuntes  in^ditos  sobre  navegacidn  del  Plata. 

Miranda  (Oapitin  de  Fragata  Francisco  P.),  Apuntes  de  Geograffa  Maritima. 

Reyes  (General  Jos^  M.),  Descripci^n  geogr^ca  de  la  Repdblica  Oriental  del 
Uruguay. 

At  ibis  point  Mr.  Yillal6ii  took  the  chair. 

The  Chaibman.  Dr.  Corthell  will  now  present  his  paper  on  ''Con- 
tracting and  regulating  works  at  mouths  of  rivers.'' 


CONTRACTING  AND  REGULATING  WORKS  AT  MOUTHS  OF  RIVERS. 

By  ELMER  L.  OORTHELL. 

The  author,  in  his  experience  in  river  engineering,  covering  47  yean,  has  dealt 
with  this  problem  under  various  conditions  on  25  w<Mrks,  9  of  which  he  has  hims^ 
constructed.  This  pq;>er  contains  the  results  of  this  experi^K^e  in  North  and  South 
America  and  elsewhere. 

It  is  not  proposed  to  discuss  the  subject  in  an  academic  manner,  but  practically, 
in  order  that  the  results  may  be  of  use  in  the  design  and  ocmstruction  of  works  under 
similar  conditions  in  the  Pan  American  coimtries  interested  in  this  cangress.  The 
author  is  aware  of  the  very  considerable  differences  of  opinion  in  respect  to  the  proper 
and  beet  methods  of  overcoming  the  difficulties  and  the  obstacles  to  commerce  lying 
between  rivers  and  the  tidal  areas  inside  and  the  deep  waters  of  oceans,  seas,  gulfs, 
and  lakes  outside,  and,  because  there  are  generally  theoretical  differences,  he  be- 
lieves his  paper  will  be  of  greater  value  if  facts  only  are  stated,  for  they  always  speak 
more  effectively  and  convincingly  than  academic  discussibiis. 

In  considering  how  most  effectively  and  most  clearly  to  bring  before  the  enginetting 
secticm  the  important  matters  to  be  treated  in  this  paper  the  author  decided  to  select 
three  examples  showing  somewhat  diverse  conditions  and  to  treat  them  separat^y 
and  concretely: 

First,  treatment  of  the  conditions  at  the  mouth  of  a  great  sedimentary  river  with  a 
delta  outlet  to  the  sea; 

Second,  treatment  of  the  conditions  at  the  mouth  of  a  tropical  sedimentary  river 
discharging  intermittently  into  the  sea  without  a  delta;  and 
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Third,  treatment  of  conditionB  where  the  fluyial  discharge  is  at  a  long  distance 
from  the  sea  into  great  inland  areas  of  salt  water,  finally  dischaiging  without  a  delta 
into  the  ocean. 

In  the  first  two  cases  the  feeble  tides  have  little  influence  in  making  and  main- 
taining the  channels;  in  the  third  case  they  are  more  pronounced  and  exert  an 
important  influence. 

The  author,  on  the  condusion  of  his  first  and  quite  important  jetty  or  dike  work 
at  the  mouth  of  a  great  river,  enunciated  the  following  principles,  followed  by  con- 
cise suggested  rules.  This  was  in  1880.  Since  then  almost  continuously  up  to  the 
present  time,  1915,  he  has  been  engaged  in  similar  works  in  many  countries  and  he 
has  found  these  principles  and  rules  to  be  correct,  and  under  many  diverse  condi- 
tions. He  therefore  repeats  them  here  before  stating  the  facts  from  his  experience 
since  1875. 

PBINGIPLB8. 

First.  Dispersion  shoals.    Concentration  deepens. 

Second.  The  full  volume  of  the  river  and  the  full  volume  of  the  tides  must  be 
utilized  in  creating  and  maintAining  channels  through  bars,  either  in  the  sea  outside 
Cfr  in  the  river  and  estuary  channels  connecting  water  areas  inside  with  the  sea  outside. 

Third.  The  concentrated  volume  with  its  increased  surface  slope  and  its  acceler- 
ated current  will  obtain  what  it  can  maintAJn  and,  conversely,  it  will  not  maintain 
what  it  can  not  obtain.  Volume,  slope,  current,  and  friction  of  bed  are  all  so  inti- 
mately  connected  and  interdependent,  that  when  one  is  disturbed  all  these  other 
elements  set  themselves  at  work  to  restore  the  normal  and  healthy  condition  of  the 
disturbed  elem^it.  Nature  is  curative  if  handled  reasonably.  In  an  alluvial  bed 
of  river  or  outlet  this  natiual  equilibrium  is  perfect,  ev^i  the  velocity  curves,  both 
h(»izontal  and  vertical,  and  the  curve  of  the  cross  section  of  the  bed  of  the  stream, 
all  assume  and  maintAJn  a  beautiful  uniformity  and  similarity.  The  engineer, 
therefore,  can  change  permanentiy  only  the  form  of  the  channel  unless  he  permanently 
increases  its  volimie. 

Fourth.  There  are  exterior  forces  in  all  oceans,  seas,  gulfs,  and  lakes  that  are  of 
considerable  and,  often,  of  even  vital  importance,  affecting  the  success  of  the  works — 
action  of  waves,  the  varying  currents,  direction  of  wind  and  littoral  currents,  varia- 
tion and  amplitude  of  tides,  and  direction  of  approach  of  tidal  currents.  The  ends 
of  works  in  the  sea  must  take  the  greatest  possible  advantage  of  the  predominating 
sea  currents. 

Fifth.  Channels  are  created  through  sea  bars  by  increasing  by  works  the  velocity 
of  the  fluvial  and  tidal  currents.  To  deepen  the  channel  for  navigation  large  quanti- 
ties of  material  must  be  excavated  from  the  sea  bars  by  the  accelerated  currents  and 
the  tendency  will  always  be  to  deposit  this  eroded  material  in  advance  of  the  works 
and  so  push  the  bar  seawards.  Two  essential  conditions  are  therefore  necessary:  First, 
rapidity  of  construction  and  consequent  acceleration  of  the  issuing  current  so  as  to  give 
momentum  to  the  volume  and  cause  the  deposition  of  the  eroded  material  and  of  the 
natural  sediments  to  be  made  at  a  long  distance  out  in  the  sea  and  into  its  cross  currents; 
second,  this  sudden  projection  of  the  works  into  the  sea  currents  intensifies  them,  as  a 
dike,  when  built  out  into  a  river  current,  causes  a  scour  around  the  end  of  it.  Again, 
often,  the  accentuated  tidal  currents  inward  will  do  their  part  in  excavating  the 
channel  through  the  bar  between  the  jetties,  and  for  that  reason  no  wide  expanse  of 
water  should  be  left  above  the  jetties,  otherwise  the  excavated  material  will  be  de- 
posited in  the  river  above  the  works,  and  there  are  there  no  forces  of  littoral  or  other 
currents  to  remove  it. 

Sixth.  The  projection  of  works  out  over  bars  into  the  sea,  Increasing  the  velocity  of 
wave  and  littoral  currents,  is  of  vital  importance  in  the  maintenance  of  the  channel 
depth  and  in  the  prevention  of  bar  formation  on  the  foreshore,  but  these  currents,  dur- 
ing the  construction  and  advancement  of  the  works,  are  so  strong  that  the  bar  imme* 
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diately  in  front  of  tbe  progreesiiig  works  will  surely  be  scouj^  or  deepened,  making 
deep  excavations,  into  which  the  constructive  material  will  be  deposited,  greatly  in- 
creasing its  amount  and  consequently  the  cost  of  the  works.  Therefore  the  surface  of 
the  bar  must  be  protected  for  a  considerable  distance  in  advance — say,  300  meteis 
(984  feet) — ^by  a  carpeting  of  either  stone  or  mattress  work. 

An  instance  of  the  want  of  prevision  of  this  kind  was  seen  in  the  attempt  of  a  French 
company  to  build  the  north  dike  at  the  harbor  of  Vera  Cruz  many  years  ago.  The 
bottom  was  scoured  out  by  the  increased  sea  currents  over  40  feet  below  the  original 
underwater  shore,  immense  quantities  of  rock  being  thrown  into  this  excavation  thus 
constantly  formed  in  advance.  The  plans  made  by  the  American  engineer  who  was 
displaced  by  this  French  company,  comprised  a  carpeting  of  stone  entirely  across  the 
opening  between  the  shore  and  the  fort  of  San  Jua^  d'Ulloa  before  the  work  was  started. 
The  neglect  to  meet  the  current  conditions  defeated  the  French  company  that  followed 
him. 

The  six  main  principles  above  stated  lead  to  the  following  rules  or  suggestions  to  the 
engineer  in  chaige  of  designing  or  building  contracting  and  regulating  works  at  the 
mouths  of  rivers: 

First.  There  should  be  two  parallel  jetties  (or  training  worics)  connected  with  the 
ends  of  the  land  or  the  shores. 

Second.  The  effective  distance  between  the  jetties  diould  be  that  of  those  sections 
of  the  river,  or  outlet,  where  the  best  channel  exists  by  nature. 

Third.  Projection  of  the  jetties  into  the  sea  into  about  the  depth  of  water  required 
in  the  new  channel,  by  navigation,  and  in  a  direction  either  straight  or  curved  to  meet 
the  predominant  sea  currents  at  as  nearly  a  right  angle  as  possible. 

Fourth.  The  jetties  should  be  built  their  entire  length  well  above  the  surface  of  high 
tide,  so  as  to  utilize  the  whole  flow  and  prevent  the  deposit  of  material  brought  by  the 
waves  in  the  channel. 

Fifth.  The  sea  bottom  should  be  protected  from  scour  in  advance  of  the  progressing 
jetties  to  prevent  scour  beyond  them. 

Sixth.  It  is  a  sine  qua  non  that  the  jetties  should  be  pushed  to  completion  as  rapidly 
as  possible  to  prevent  the  re-formation  of  the  bar  in  advance,  as  happened  at  the  mouth 
of  the  Rhone  and  at  other  works,  leading  to  extra  cost  and  often  to  failure. 

Seventh.  In  the  case  of  jetties  where  the  tides  are  of  suflScient  amplitude  to  greatly 
accentuate  the  velocity  of  the  tidal  current  by  the  works,  the  jetties  should  maintain 
their  parallelism  landward  until  they  join  the  river  banks  at  a  point  where  the  river 
has  the  normal  depth  of  the  proposed  channel.  If  this  rule  Is  not  followed  there  is 
likely  to  be  a  troublesome  deposit  in  the  area  above  the  land  ends  of  the  jetties  made 
either  from  the  sedimentary  matters  of  the  river  itself  or  by  material  excavated  out  of 
the  bar  channel  by  the  incoming  flood  tide  current. 

The  author  will  now  refer  to  the  concrete  examples  hitherto  indicated. 

The  flrst  example  is  at  the  mouth  of  the  Mississippi  River,  the  second  at  the  mouth 
of  the  Panuco  River  at  Tampico,  Mexico,  and  the  third  at  Rio  Grande  in  the  State  of 
Rio  Grande  do  Sul,  Brazil.  The  first  is  well  known  internationally;  the  second  gen- 
erally  known;  and  the  third  not  well  known,  although  it  is  by  no  means  less  important 
than  the  first  two,  financially  at  least,  for  its  cost  has  already  exceeded  110,000,000, 
American  gold. 

The  bibliography  of  reports,  papers,  and  other  documents  is  immense  on  these  three 
works  alone.  The  author  himself  has  presented  nearly  a  dozen  published  papers  on 
this  subject,  and  these,  with  what  others  have  written  and  placed  on  record,  make  the 
subject  a  difficult  one  to  handle  by  the  very  abundance  of  material. 

MISSISSIPn  RIVXR. 

Probably  no  work  has  had  a  more  important  or  interesting  history,  physically,  con- 
troversially, or  conunercially,  than  that  at  the  mouth  of  the  Mississippi  River.    The 


Digitized  by  VjOOQIC 


SNOI^EEEINQ.  365 

conditions  there  for  more  than  three-quarters  of  a  century  have  been  studied  by  many 
engineers,  for  the  necessities  of  a  growing  country  and  an  increasing  commerce,  and  an 
always  increasing  size  and  draft  of  steamships  made  it  always  urgent  that  someone 
should  be  able  to  design  and  construct  works  of  some  kind  that  would  relij^ve  the  situ- 
tion  constantly  growing  more  serious. 

A  rapid  review  of  the  physical  and  commercial  conditions  must  precede  any  descrip- 
tion of  the  work  and  its  results;  otherwise  the  subject  can  not  possibly  be  understood 
and  the  conditions  and  problems  appreciated.  There  are  few  rivers  the  valleys  of 
which  contain  as  great  an  area  of  rich  and  cultivated  land  as  that  of  the  Mississippi, 
and  its  numerous  inportant  tributaries,  embracing  1,200,000  square  miles  (3,108,000 
square  kilometers),  draining  a  variety  of  soils  and  carrying  to  the  sea  a  variety  of 
sediments.  There  have  been  in  the  last  5,000  years  great  changes  at  its  mouth. 
There  is  evidence  that  an  estuary  1,000  miles  (1,609  kilometers)  long  and  60  miles 
(96.6  kilometers)  wide  was  first  filled  with  deposits  from  its  tributaries  before  the  river 
b^gan  its  march  5,000  years  ago  into  the  Gulf  of  Mexico,  a  march  of  220  miles  (354 
kilometers)  up  to  the  present  time,  and  no  doubt  always  in  the  form  of  outletB, 
forming  deltas,  gradually  moving  on  to  its  present  position.  Until  a  comparatively 
recent  period  this  delta  formation  advanced  in  comparatively  shallow  water,  not 
over,  probably,  2,000  feet  (610  meters)  deep  at  New  Orleans,  110  miles  (177  kilo- 
meters) beyond  the  old  shore  line.  When  it  reached  the  present  ''Head  of  the  Passes " 
15  miles  (24  kilometers)  from  the  present  Gulf  shores,  its  advance  into  deeper  water 
was  more  rapid.  Ten  miles  (16.1  kilometers)  off  the  coast  of  the  present  mouths  of 
the  Passes,  the  depth  of  water  is  over  600  feet  (183  meters),  under  which,  no  doubt, 
is  a  mass  of  deposit  thousands  of  feet  thick,  since  25  miles  (40  kilometers)  off  the 
coast  the  water  is  over  3,000  feet  (914  meters)  deep,  and  off  the  mouth  of  the  South, 
or  Middle  Pass,  at  no  great  distance,  there  is  a  depth  of  2)  miles  (4  kilometers).  The 
annual  discharge  of  solid  matter  into  the  Gulf  of  Mexico  off  the  Delta  is  estimated  at 
300,000,000  cubic  yards  (229,000,000  cubic  meters). 

The  following  graphic  description  of  what  has  been  going  on  for  5,000  years  will 
convey  an  idea  of  the  situation  and  of  the  forces  at  work  to  extend  the  land  into  the  sea: 

The  river,  by  its  horizontal  currents  and  its  vertical  eddies,  by  its  whirls  and  boUs, 
transports  the  mountains  to  the  sea.  At  first  the  rocks  come  tumbling  down  into  the 
creek  and  canyon  beds;  broken  by  the  fall,  the  dashing  torrent  rolls  them  onward, 
wearing  off  the  sharp  comers  and  loosened  portions,  grinding  the  rocks  into  gravel, 
wearing  the  gravel  into  sand,  rolling  over  and  over  the  sand  from  one  bar  to  another 
until,  disintegrated,  worn,  and  ground  to  an  almost  impalpable  powder,  the  river 
sweeps  it  out  into  the  Gulf  of  Mexico  to  be  distributed  by  its  ceaseless  currents  over 
its  vast  basin. 

Thus  forever  the  river  is  at  work,  striving  to  maintain  its  channel  by  transporting 
to  the  sea  the  solid  matter  which  the  rains  pour  into  it  through  its  numberlees  tribo* 
taries. 

At  extreme  high  water  the  Mississippi  trans{X)rts,  through  its  delta,  to  the  sea 
1,210,000  cubic  feet  (33,900  cubic  meters)  of  water  and  2,000  cubic  feet  (56  cubic 
meters)  of  solid  earth  in  suspension  every  second.  It  is  during  the  flood  season  that 
the  bars  at  the  mouths  of  the  Passes  are  pushed  out  into  the  Gulf  at  the  approximate 
rate  of  300  feet  (91  meters)  per  annum  at  the  Southwest  Pass,  260  feet  (79  meters)  at 
Pass  a  L'Outre  and  (formerly)  111  feet  (34  meters)  at  South  Pass,  the  first  to  the  right, 
the  second  to  the  left,  and  tiie  last  in  the  center  of  the  delta. 

When  the  muddy  waters  leave  the  land's  end  at  the  mouth  of  the  Passes  and  begin 
to  spread  out  over  the  submerged  banks  and  shoals  forming  in  advance,  the  current, 
which  has  all  through  the  Passes— which  are  from  12  to  15  miles  (19  to  24  kilometers) 
long— flowed  at  a  rapid  and  uniform  rate  in  a  deep  and  stable  channel,  gradually 
loses  its  velocity  and  its  ability  to  transport  its  load  of  sediment,  and  it  drops  its 
burden,  or  the  larger  part  of  it,  thus  forming  the  bars  that  exist  at  the  mouths  of  all 
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the  Passes.  At  the  Southwest  Pass  the  nonnal  depth  of  water  was  about  12  feet 
(3.6  meters);  at  Pass  a  L'Outre  11  feet  (3.3  meters),  and  at  South  Pass  8  feet  (2.4 
meters). 

The  percMitage  of  the  normal  discharge  of  the  Passes,  varying  somewhat  from  year 
to  year,  is  as  follows:  The  Southwest  Pass  and  Pass  a  L'Outre,  45  per  cent,  and  the 
South  Pass,  10  per  cent. 

At  the  South  Pass  the  slope  from  the  land's  end  to  the  crest  of  the  bar,  about  2 
miles  (3.2  kilometers)  was  1  in  400  and  from  the  crest  seaward  1  in  60.  The  distance 
to  the  crest  of  the  bar  at  the  Southwest  Pass  was  about  5  miles  (8  Idlomet^s)  and  the 
seaward  slope  flatter  than  at  South  Pass.  The  material  composing  the  bars  is  a  very 
fine  sand  mixed  with  clay.  The  river  discharges  into  what  really  is  a  great  sea  of 
salt  water,  so  situated,  wiUi  the  Island  of  Cuba  in  front  and  the  peninsulas  of  Yucatan 
and  Florida  extending  toward  Cuba  from  the  west  and  east,  that  there  is  practically 
only  one  tide  each  24  hours,  and  that  has  only  about  14  inches  (35  centimeters)  of 
amplitude.  At  flood  river  the  fresh  water  pu^es  the  salt  water  out  of  all  the  river 
channels  and  passes  and  away  from  their  mouths,  and  then  flows  through  a  bed  of 
salt  water,  gradually  widening  and  thinning  until  it  becomes  a  thin  brown  sheet, 
whose  line  of  demarcation  with  the  green  salt  water  is  clearly  defined  and  can  be 
seen  many  miles  from  land.  The  river  thus  continually  piishes  out  its  bars  into  this 
almost  tideless  sea,  which  in  turn,  by  its  waves,  tides,  and  littoral  currents,  exerts  a 
leveling  and  eroding  effect  upon  them,  especially  at  low-water  seasons. 

There  are  many  factors  in  the  problem  of  channel  development  at  the  mouths  of 
the  Passes,  such  as  the  slope  of  the  main  river  from  the  Gulf  upstream  to  Cairo,  1,000 
miles  (1,609  kilometers),  where  the  Ohio  Kiver  enters  the  Mississippi;  the  range 
between  high  and  low  water  at  various  points;  the  fact  of  crevasses  or  breaks  in  the 
low  banks  of  the  river  in  its  lower  reaches  and  in  the  Passes  themselves;  the  gradual 
subsidence  of  the  whole  delta  and  even  at  New  Orleans  and  farther  upstream  to  the 
old  shore  line;  the  velocities  at  various  stages  of  the  river,  both  in  the  Passes  and 
above  them  in  the  main  river;  the  direction  of  winds  in  the  Gulf,  the  direction  and 
strength  of  the  littoral  currents,  and  many  other  features,  all  of  which  are  important 
for  a  complete  study  of  this  problem. 

Attempts  were  made  as  early  as  1726  to  deepen  the  channel  by  dragging  harrows 
over  the  bar,  and  in  1837,  over  three-quarters  of  a  century  ago,  the  first  appropriation 
was  made  by  the  United  States  Congress  to  attempt  to  ameliorate  the  conditions  by 
an  ordinary  bucket  drag,  later  by  a  stirring  up  process  and  then  by  two  steam  pro- 
peller dredges,  arranged  with  deflectors  to  throw  the  material  to  the  surface  of  the  water 
in  the  vain  hope  that  it  would  be  carried  to  sea  by  the  outward  currents. 

Several  boards  of  Government  engineers  discussed  the  problems,  which  resulted  in 
the  recommendation  by  a  board  in  1871  to  build  a  ship  canal  35  miles  (56  kilometers) 
above  the  mouth  from  ihe  river  to  the  adjoining  bay  on  the  east  instead  of  attempting 
to  improve  the  mouth  of  the  river.  There  was,  however,  one  distinguished  member  of 
Ihe  board  who  believed  that  an  "open  river  mouth"  might  be  obtained  by  means  of 
confining  works  or  jetties,  but  the  fear  of  an  excessive  advance  of  the  bar  seaward, 
felt  by  several  members  of  the  board,  led  to  the  recommendation  for  the  canal 
proposition.  The  prediction  was  made  by  one  member  of  the  board  that  the  advances 
at  the  South  Pass  with  jetties  constructed ,  if  it  were  possible  to  construct  tiiem,  would 
be  2,240  feet  (683  meters)  per  annum. 

During  the  discussions  in  Congress  and  before  anything  was  done  on  the  proposed 
canal  except  to  make  surveys  and  plans,  a  proposition,  in  February,  1874,  was  made 
to  Congress  by  Mr.  James  B.  Eads,  a  civil  engineer,  offering  to  obtain  a  30-foot  (9.1 
meters)  channel  at  the  mouth  of  the  river  and  maintain  it  on  the  basis  of  "no  cure, 
no  pay." 

It  is  unnecessary  to  go  into  the  history  of  the  discussions  that  followed  this  proposi- 
tion.   A  board  of  engineers  was  authorized  by  Congress  to  examine  the  whole  ques- 
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tion.  It  was  composed  of  seven  members,  three  Anny  engineers,  three  civilian  en- 
gineers, and  a  member  of  the  United  States  Coast  Survey.  They  studied  the  matter 
carefully  and  went  to  Europe  to  examine  jetties  there.  They  found  many  successful 
examples  of  such  works.  Their  opinion  finally  was  favorable  to  the  jetty  plan  and 
the  contract  was  given  to  Mr.  Eads  in  January,  1875.  He  proceeded  at  once  to  the 
construction  of  the  works.  The  plans  consisted  of  two  parallel  jetties  1,000  feet 
(306  meten)  apart  from  center  to  center  and  about  2^  miles  (4  kilometers)  long,  so  lo- 
cated as  to  b^  at  their  sea  ends  at  rifjbt  angles  to  the  westward  littoral  current,  a  pre- 
dominant current  which  passes  along  the  outer  face  of  the  bar  at  South  Pass,  where 
he  was  charged  by  Congress  to  make  what  was  then  considered  by  many  a  doubtful 
experiment. 

The  author  of  this  paper  was  the  resident  engineer  in  charge  of  the  construction, 
which  covered  four  years.  The  foimdation,  consisting  of  wide  willow  mattresses,  was 
laid  in  the  summer  of  1875. 

The  prediction  of  excessive  advance  of  the  bar  seaward,  or  any  advance  of  the  bar, 
will  be  seen  to  be  unfoimded  when  the  fact  is  stated  that  this  year,  1915, 40  years  after 
the  works  were  initiated  and  36  years  after  their  completion,  and  the  attainment  of 
the  channel  required  by  Congress,  the  present  sea  end  of  the  east,  or  controlling  jetty, 
is  320  feet  (97  meters)  nearer  the  land  tiian  the  sea  end  of  the  foimdation  laid  by  the 
author  40  years  ago.  It  may  be  stated  further  that  this  year  the  channel  through  the  2} 
miles  of  the  jetties  (4  kilometers),  has  a  least  depth  of  34  feet.  There  is  absolutely  no 
bar  beyond  the  sea  ends  of  the  jetties,  and  in  the  year  1914,  71  per  cent  of  all  the 
steamships  drawing  over  25  feet  (7.6  meters)  entering  and  leaving  New  Orleans,  used 
the  South  Pass,  althou^  at  the  Southwest  Pass,  4^  times  as  large  as  the  South  Pass  in 
volume  of  discharge,  the  United  States  Grovemment  has  been  at  work  15  years  making 
a  channel  larger  than  was  contemplated  as  possible  at  the  small  South  Pass,  35  feet 
(10.7  meters)  deep,  and  1,000  feet  (305  meters)  wide  at  that  point.  The  failure  to  ac- 
complish at  Southwest  Pass  all  that  was  desired  was  not  due  to  unsolvable  problems, 
and  it  is  necessary  to  state  the  facts  in  order  to  show  that  the  disappointment  resulted 
from  the  adoption  of  erroneous  views  not  in  accord  with  the  principles  laid  down  in 
this  paper.  Before  giving  the  views  <m  winch  these  works  were  based  it  should  be 
stated  that  Mr.  Eads'  proposition  to  Congress  was  to  improve  the  channel  of  the  South- 
west Pass,  but  Congress,  resting  upon  the  opinion  of  the  Board  of  Engineers,  gave 
him  the  smaller  pass. 

In  1893  the  author  made  a  proposition  to  Congress  to  improve  the  channel  of  the 
Southwest  Pass  on  the  basis  of  "no  cure,  no  pay, "  as  Mr.  Eads  had  previously  done, 
for  the  commercial  interests  of  New  (Cleans  were  demanding  a  deeper  and  wider 
channel  than  could  be  obtained  in  the  small  South  Pass,  but  the  War  Department, 
which  in  the  United  Stated  has  charge  of  all  harbor  and  river  work,  disapproved,  as 
it  considered  it  wiser  to  have  the  work  done  by  the  (jovemment  itself  when  the  time 
should  arrive  to  undertake  it.  Five  years  later  a  board  of  United  States  engineer 
officers  was  appointed  to  make  a  survey  and  report  upon  the  practicability  and  cost 
of  securing  a  navigable  channel  35  feet  (10.7  meters)  deep  and  1,000  feet  (SM}5  meters) 
wide  at  that  depth.  The  plan  reported  by  them  for  the  jetty  was,  in  the  author's 
opinion,  absolutely  correct,  which  was  two  paraUel  jetties  extending  to  30  feet  (9.1 
meters)  depth  outride  the  bar,  2,400  feet  (731  motors)  apart,  center  to  center,  with  an 
effective  channel  width  between  them  of  about  2,000  feet  (610  meters).  The  crowns 
of  the  jetties  were  to  be  4  feet  (1.2  meters)  above  gulf  level.  The  estimated  cost  of 
the  entire  works,  including  some  auxiliary  works  in  the  pass  itself  and  at  the  head 
of  the  passes,  and  a  generous  amount  for  maintenance,  was  113,000,000.  Congress  was 
unwilling  to  appropriate  so  large  a  sum,  and  authorised  the  President  to  appoint  a 
board  of  four  engineers,  of  which  two  should  be  civilian  engineers.  This  board  did 
away  with  the  parallel  jetties.  It  laid  its  jetties  (or  dikes  rather)  along  the  line  where 
the  water  was  flhoalest,  in  fact  on  the  submerged  shoals  on  either  side,  and  terminated 
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tliem  before  the  crest  of  the  bai  was  reached.  At  one  point  theee  dikes  were  7,000 
feet  (2,134  meters)  apart.  At  their  sea  ends,  where  only  they  were  parallel,  they 
were  3,000  feet  (914  meters)  apart.  The  works  were  not  to  be  brought  above  the 
surface  of  the  water,  and  the  direction  of  the  channel  at  the  sea  ends,  as  planned  by 
the  board  and  as  afterwards  built,  strikes  the  Uttoral  current  at  an  angle  of  less  than 
30  degrees.  Financially,  the  result  of  the  board's  lab<»B  was  very  successful,  for  they 
reduced  the  estimated  cost  from  $13,000,000  to  $6,000,000,  but  their  success  ended 
there. 

The  principle  on  which  the  plans  were  based  was  exactly  the  reverse  of  the  prin* 
ciples  enunciated  in  this  paper.  Instead  of  permanent  works  so  located  as  to  create 
the  channel,  with  dredging  as  an  auxiliary,  the  board's  plan  was  to  create  the  channel 
mainly  by  dredging  and  protect  it  by  these  outlying  works  from  a  deposit  of  sand  from 
the  outside. 

The  board  estimated  that  22,000,000  cubic  yards  (17,000,000  cubic  meters)  of  mate- 
Kiai  would  have  to  be  moved  to  make  a  channel,  two-thirds  of  which  was  to  be  removed 
by  dredging. 

The  author,  at  that  time,  was  consulting  engineer  of  the  Argentine  Government, 
and  was  about  to  start  for  Buenos  Aires.  However,  he  made  a  vigorous  protest  against 
the  plans,  both  to  the  chairman  of  the  Senate  Committee  on  Commerce  and  to  the 
Chiei  of  Engineers  of  the  War  D^;>artment.  The  plana  of  the  board  were  afterwards 
somewhat  modified,  but  not  to  any  great  extent.  The  works  were  commenced  in  Decem- 
ber, 1903,  and  completed  in  1908.  What  have  been  the  results?  Instead  of  15,000,000 
cubic  yards  (11,470,000  cubic  meters)  to  be  dredged  th^e  have  been  removed  by 
dredges  up  to  June,  1914,  from  between  the  dikes,  23,746,935  cubic  yards  and  up  to 
June  30,  1915,  a  total  of  28,000,000  cubic  yards  (21,408,000  cubic  meters).  At  one 
time  in  the  spring  of  1915,  seven  years  after  the  works  were  completed,  the  con- 
trolling depth  was  only  25  feet  (7.6  meters).  A  narrow  channel  depth  of  30  feet  (9.1 
meters)  is  usually  found,  made  and  maintained  by  dredging.  The  engineers  of  the 
Government  have  done  all  that  was  possible  under  the  circumstances.  They  have 
built  contracting  spur  dikes  to  narrow  the  channel  in  the  widest  parts.  From  1909 
to  1912  they  extended  both  jetties  seaward,  the  east  3,000  feet  (914  meters)  and  the 
west  3,750  feet  (1,143  meters). 

It  is  a  question  now  what  to  do,  contract  the  channel  all  the  way  through  by  fii>ur 
dikes  or  build  lines  of  interior  jetties  to  make  the  channel  of  the  proper  width.  In 
any  event  it  is  necessary  to  raise  up  the  outer  jetties  and  tighten  them  so  that  no 
water  will  escape  either  through  or  over  them,  "and  then,"  it  has  been  remarked, 
''we  must  keep  at  work  with  the  dredges  and  try  to  assist  naturo  in  building  up  a 
channel  exactly  as  it  has  built  it  up  without  assiitance  in  the  upper  portion  of  the 
pass."    .. 

Why  could  not  this  work  have  been  done  according  to  the  principles  and  rules 
enunciated  in  this  paper  and  published  as  long  ago  as  1881  in  the  "History  of  the 
Mississippi  Jetties,''  and  again,  in  1884,  in  a  professional  paper  read  befoipe  the  Ameri- 
can Society  of  Civil  Engineers,  imder  the  title  of  "South  Pass  Jetties;  Ten  Years 
Practical  Teachings  in  Biver  and  Harbor  Hydraulics?'' 

A  Government  engineer  in  1889  made  the  following  romark  about  the  South  Pass 
chann^  in  an  engineering  report:  "  Under  the  very  best  of  conditions  the  life  of  the 
30-foot  channel  created  and  maintained  by  jetties  and  dredging  will  not  last  at  South 
Pass  beycmd  1913."  Yet  in  1914  there  was  a  least  depth  of  34  feet  (10.4  meters),  a 
channel  wide  and  straight  and  uniform,  with  no  shoals  nor  any  bar  outside,  and  the 
Pass  itself,  instead  ol  the  normal  10  per  cent  of  the  volume  of  the  river,  is  carrying 
now  12  per  cent,  so  tiiat  it  is  not  dead  yet. 

The  words  of  the  engineer,  "created  and  maintained  by  jetties  and  dredging," 
might  be  misleading,  and  convey  the  idea  that  some  of  the  channel  results  were 
obtained  by  dredging,  but  the  amount  of  material  removed  by  this  means  was  only 
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about  one  x>ct  cent  of  the  whole  amount  exGavttted  and  carried  out  to  sea  by  the  cur- 
renta.  This  artificial  appliance  simply  hastened  the  result  which  the  current  had 
ample  power  to  accomplish,  as  is  evident  from  the  fact  that  it  was  able  not  only  to 
tnalntain  but  to  enlarge  the  channel. 

Dredging  as  an  auxiliary  was  resorted  to  for  three  reasons: 

J4iBt,  to  handle  resistant  clayey,  or  "mud  lump,"  material  which  was  eroded  with 
great  difficulty  by  the  current. 

Second,  because  the  charter  from  Congress  made  it  absolutely  necessary  to  obtain 
the  depth^tequired  by  it  as  soon  as  possible,  especially  the  20  foot  (0.1  meters)  depth 
for  the  first  payment,  which  necessitated  the  construction  of  about  two-thirds  of  the 
entire  works,  the  total  cost  of  which  was  $5,250,000.  The  predictions  of  failure  by 
those  high  in  authority,  not  only  before  the  inception  of  the  work  hut  during  its 
{yrogreas,  nearly  killed  the  enterprise  financially,  and  half  a  million  dollars  had  to 
be  borrowed  at  10  per  cent  interest  and  100  per  cent  bonus  to  carry  the  work  on  in 
^e  face  of  these  predictions  of  failure.  Is  it  strange  that  almost  superhuman  exer- 
tionB  were  made  to  obtain  the  20  foot  (6.1  meters)  depth? 

Third,  the  contract  with  the  United  States  Government  required  the  creation  and 
maintenance  of  a  channel  of  three  dimensions,  26  feet  (8  meters)  deep  and  200  feet 
(61  meters)  wide  at  that  depth,  with  30  feet  (9.1  meters)  central  depth.  There  might 
be  at  times  a  width  of  300  feet  (91.4  meters)  to  26  feet  (8  meters)  depth  but  with  a 
central  depth  of  29}  feet  (9  meters),  and  such  a  channel,  ample  for  navigation  pur- 
poses, would  be  reported  "deficient,"  and  that  day,  or  days,  were  deducted  during 
the  maintenance  period,  which  meant  a  loss  at  the  rate  of  5  per  cent  per  annum  on 
the  $1,000,000  guaranty  fund  held  by  the  Government,  and  one  day's  proportion  of 
the  yearly  allowance  for  maintenance  of  $150,000,  so  that  a  large  part  of  what  little 
dredging  there  was  done  was  due  to  the  peculiar  requirements  of  a  contract  requiring 
a  channel  of  three  dimensions  which  was  assimied  to  have  been  executed  and  main- 
tained by  the  free  flow  of  the  water  through  a  channel  two  and  one-half  miles  (4  kilo- 
meters) long,  a  natiual  force  that  was  not  always  willing  to  operate  along  a  mathe- 
matical line. 

PiNUCO  RIVEB. 

The  second  example  is  at  Tampico,  Mexico,  on  the  western  shore  of  the  Gulf  of 
Mexico,  about  800  geographical  miles' (1,287  kilometers)  from  the  mouth  of  the  Missis- 
sippi River,  where  the  Pdnuco  River  discharges  into  the  Gulf  of  Mexico.  It  is  a 
tropical  stream  and  partakes  of  the  nature  of  such  intermittent  streams  in  its  flow, 
due  to  extreme  variations  of  rain  on  its  watershed,  of  36,400  square  miles  (94,300 
square  kilometers),  which  rises  quickly  to  7,000  feet  (2,133  meters)  above  the  level  of 
the  sea.  At  times  there  was  scarcely  any  fluvial  flow,  and  at  other  times  190,000 
cubic  feet  per  second  (5,320  cubic  meters).  The  velocity  during  great  floods  was,  near 
the  mouth  of  the  river  about  7  feet  (2.13  meters)  per  second.  The  siurface  slope  was 
about  10  inches  per  mile  (157  milimeters  per  kilometer).  The  maximum  flood  vol- 
ume may  be  estimated  at  about  215,000  cubic  feet  (6,026  cubic  meters)  per  second. 
The  floods  are  accompanied  by  an  abundance  of  heavy  detritus.  It  is  a  river  without 
a  delta  and  with  the  same  feeble  tide  conditions  as  at  the  mouth  of  the  Mississippi, 
but  with  different  littoral  ciurent  conditions.  The  Gulf  Stream  current  flows  northerly 
along  its  coast,  but  there  are  strong  southerly  ciurents,  produced  by  the  Texas 
"northers''  that  sweep  across  this  part  of  the  C^ulf. 

The  P&nuco  River  between  its  mouth  and  Tampico  is  about  1,000  feet  (305  meters) 
wide.  The  bar  in  front  of  it  is  composed  of  18  per  cent  of  silicious  matter  and  82  per 
cent  of  clayey  matter.  It  was  a  very  changeable  bar.  It  shifted  remarkably  and 
suddenly  under  river  and  Gulf  current  conditions  and  wave  action.  At  one  time  there 
was  an  island,  well  named  *'  Block  Island, "  immediately  in  front  of  the  mouth  of  the 
river,  and  at  that  time  there  was  a  tortuous,  straggling  channel  into  the  sea,  with  5  feet 
(1.5  niieters)  only  in  it. 
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At  the  South  Paas  of  the  MiaaiaBippi  River  the  main  jetties  were  planned  by  Mr. 
Eads  1,000  feet  (305  meters)  apart,  although  the  channel  of  the  Pass  was  not  over  660 
feet  (198  meters)  wide.  When  the  South  Pass  was  given  to  him  to  improve  Congreos 
put  upon  him  the  task  of  making  the  channel  of  the  same  dimensions  as  that  proposed 
by  him  at  the  Southwest  Pass,  four  and  one-half  times  as  large,  namely  30  feet  (9.1 
meters)  deep  and  350  feet  (107  meters)  wide  at  that  depth.  In  order  to  create  a  channel 
of  such  laige  dimensions  in  a  Pass  only  650  feet  (198  meters)  at  the  surface  of  the  water, 
and  12  miles  (19.3  kilometers)  long,  it  would  have  been  necessary  by  controlling  wofka 
to  divert  a  considerable  additional  volume  from  the  main  river  into  the  little  Paos, 
which  would  have  been  dangerous  and  probably  impracticable,  but  it  had  to  be  pro- 
vided for  by  fixing  at  the  outset  the  artificial  banks  of  the  new  bar  channel  fxr  enough 
apart  to  permit  the  possible  enlarged  volume  to  pass  through;  consequently  they  were 
placed  1,000  feet  (305  meters)  apart,  and  it  is  the  author's  recollection  that  Mr.  Eads 
had  obtained  the  view  from  Mr.  Galand,  who  built  the  Hook  of  Holland  channel  of  the 
Maas  below  Rotterdam  that  a  river  channel  should  widen  as  it  approached  the  sea. 
Possibly  this  may  be  so  in  a  tidal  channel,  but  not  in  a  practically  tideless  channel,  ae 
at  the  South  Pass.  Even  at  the  Hook  of  Holland  Mr.  Galand  had  to  see  his  channel 
narrowed  up  by  200  meters  (656  feet)  by  a  commission  of  Dutch  engineers.  Fortunately 
Congress  decided  to  modify  the  dimensions  of  the  maximum  channel  between  the  jet- 
ties to  ''twenty-six  feet  (7.9  m)  in  depth,  not  less  than  two  hundred  feet  (60.9  m)  in 
width  at  the  bottom  and  having  through  it  a  central  depth  of  thirty  feet  (9.1  m)  with- 
out regard  to  width, "  and  through  the  12  miles  (17.7  meters)  of  the  Pass  itself  a  26  foot 
(7.9  meters)  channel  only  was  required. 

The  above  details  are  stated  in  coimection  with  the  Tampico  works  to  show  why  the 
author  decided  ih>o^  ^  width  no  greater  than  the  minimum  and  normal  width  of  the 
P4nuco  River  between  its  mouth  and  Tampico,  seven  miles  (11.2  kUometers)  upstream. 
In  other  words,  he  adopted  the  second  suggestion  of  this  paper,  above  given,  namely 
"The  effective  distance  between  the  jetties  should  be  that  of  those  sections  of  the 
river  where  the  best  channel  exists  by  nature.'' 

The  width  between  center  lines  of  the  jetties  was  therefore  made  1,000  feet  (305 
meters),  having  an  effective  width  of  about  900  feet  (274  meters). 

The  projection  of  the  jetties  is  straight  out  to  sea  and  at  right  angles  to  the  predomi- 
nant and  strongest  shore  currents.  The  sea  ends.of  the  jetties  are  in  the  depth  of  water 
reqiiired  for  the  channel,  24  feet  (7.3  meters).  A  broad  foundation  of  mattress  work 
was  laid.  Mattresses  84  feet  (25.6  meters)  wide  were  used  near  the  sea  ends  of  the  jet- 
ties. The  entire  hearting  to  the  surface  of  the  water  was  built  of  brush  mattresses, 
suspended  during  their  construction  from  an  overhead  double  track  railroad  trestle. 
When  completed  and  bound  solidly  together  the  mattresses  were  dropped  on  signal 
into  the  water  and  sunken  and  loaded  with  rubble  stone  brought  out  on  flat  cars.  The 
whole  work  was  loaded  with  stone  in  the  same  manner,  and  finally  the  crown  and 
slopes  were  consolidated  with  large  rock,  some  of  it  weighing  several  tons. 

When  the  works  were  projected,  and  the  plans  made  to  construct  them,  there  was  no 
railroad  between  Tampico  and  La  Barra  at  the  mouth  of  the  river.  The  author  pro- 
posed the  building  of  a  railroad  in  order  to  bring  stone  and  other  material  by  rail  to 
the  works  and  then  to  construct  a  double  track  trestle  from  the  shore  to  the  ends  of  the 
jetties  from  which  to  build  the  works,  and  not  to  be  dependent  upon  a  floating  equip- 
ment, always  an  uncertain  method,  dependent  on  the  weather.  By  this  method  the 
bar  could  be  conveniently  protected  ahead  of  the  advancing  jetties,  as  required  by  the 
author's  fifth  rule,  given  above. 

He  also  arranged  for  a  double  track  railroad  trestle  on  the  opposite  side  of  the 
river  and  a  car  ferry  which  transported  stone  and  other  materials  and  railroad  cars 
across,  and  by  locomotives  hauled  the  cars  out,  as  on  the  north  jetty.  By  this  means 
the  work  on  both  jetties  went  on  independently  of  weather  and  waves  and  the  author's 
sixth  rule,  building  the  entire  work  with  the  greatest  possible  rapidity,  was  fully 
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complied  with,  so  that  the  two  subetantial  jetties,  each  about  6,500  feet  (1,981  meters) 
long,  were  built  in  about  one  year's  time,  during  1891-92. 

The  cash  cost  of  the  works,  including  engineering,  was  $2,221,000  American.  This 
does  not  include  the  buildings,  railroad  extensicm  from  Tampico  to  La  Barra,  real 
estate,  wharves,  yard  tracks,  etc.  The  entire  cost  of  construction,  including  the 
above  and  all  other  items,  and  including  the  cost  of  maintenance  of  the  work  to 
December  31,  1902—10  years— was  $3,157,690.40,  as  it  appears  in  the  report  to  the 
stockholders  of  the  Mexican  Central  Railroad  Co.,  which  built  the  works  under 
a  concession  from  the  Mexican  Federal  Government. 

The  development  of  the  channel,  caused  by  the  two  parallel  jetties  extending 
from  the  shore  rapidly  to  the  sea,  was  progressive  and  noticeable  from  the  outset. 
They  concentrated  and  directed  against  the  bar  the  entire  volume  of  the  river.  The 
only  delay  in  the  development  of  the  channel  was  the  ''Inner  Bar,''  which  during 
300  years  has  been  a  ''graveyard  of  commerce."  There  was  in  it  much  cemented 
material  and  coral  formation  and  even  thin  strata  of  bastard  rock,  all  of  which  had 
fOTmed  around  the  numerous  wrecks  simken  in  the  bar  during  this  long  period. 
This  material  had  to  be  loosened  up  by  djoiamite,  and  a  small  hydraulic  dredge, 
which  had  previously  worked  in  the  Gedney  channel  at  New  York.  The  heavier 
portions  of  the  wrecks  were  removed  by  a  derrick  boat.  Soon  after  the  removal  of 
these  obstructions  a  heavy  flood  came,  in  the  summer  of  1893.  In  less  than  three 
weeks  the  channel  was  enlaiged  throughout  its  entire  length.  During  this  flood 
the  current  removed  and  carried  out  to  sea  1,200,000  cubic  yards  (917,471  cubic 
meters)  of  material.  The  whole  amount  of  material  removed  by  the  current  in 
forming  the  full  channel  was  about  4,000,000  cubic  yards  (3,058,000  cubic  meters). 
The  works  created  by  the  current  produced  a  channel  of  great  size  and  excellent 
navigability.  The  concession  from  the  Mexican  Government  required  a  channel 
22  feet  (6.7  meters)  deep,  with  the  option  to  the  railroad  company  of  making  it  24 
feet  (7.3  meters).  The  least  depth  upon  full  development  was  28  feet  (8.5  meters). 
The  least  width  of  the  24-foot  (7.3  meters)  channel  was  580  feet  (176.8  meters)  and 
straight  as  an  arrow  from  the  mouth  of  the  river  to  the  sea. 

These  dimensions  remaiaed  constant,  with  slight  rectifications  by  the  current  as 
time  Went  on.  Other  advantageous  changes  were  going  on  steadily;  first,  the  filling 
up  of  the  dead  angles  outside  between  the  jetties  and  the  shore  by  sediment  going 
throiigh  the  jetties  from  the  inside  and  by  deposit  of  sand  by  the  waves  on  the  outside. 
After  some  time  this  action  ceased  and  the  new  shore  line  became  permanent.  A 
similar  change  took  place  at  the  South  Pass,  Mississippi  River,  and  it  is  the  author's 
observation,  both  here  and  elsewhere,  that  no  fear  may  ever  be  entertained  that 
a  deposit  at  such  sea  works  will  ever  reach  the  ends  of  the  dikes  and  obstruct  the 
channel.  These  formations  only  increase  the  strength  of  the  currents  across  the  sea 
ends  of  the  jetties,  and  they  prevent  any  formations  in  front  of  the  works.  On  the 
other  hand,  these  formations  are  of  immense  advantage  in  the  development  and  main- 
tenance of  the  channel,  for  they  fill  up  the  interstices  in  the  new  works,  especially 
when  built  of  mattress  work  and  rubble  stone,  and  prevent  the  waste  of  the  river 
volume  passing  in  the  jetty  channel.  In  the  earlier  stages  of  the  channel  develop- 
ment at  Tampico  float  observations  were  made  simultaneously  at  several  cross  sec- 
tions of  the  works,  from  the  land  ends  of  the  jetties  to  the  sea  ends,  and  it  was  found 
that  there  was  a  progressive  loss  of  volume  going  seaward  until  it  reached  25  per 
cent  near  the  sea  ends  of  the  jetties.  This  is  an  important  condition  to  consider  in 
the  construction  of  such  works. 

Second,  the  wearing  away  of  the  sea  face  of  the  bar  creating  deeper  water  beyond 
the  sea  ends  of  the  jetties  than  originally  existed  there.  As  at  the  mouth  of  the 
Mississippi  River,  the  jetties  extending  over  the  bar  into  the  deep  waters  of  the  Gulf 
acted  like  a  dike  extending  from  a  river  bank  into  the  channel,  scouring  away  not 
only  the  material  deposited  there  during  construction,  but  also  some  of  the  original 
face  of  the  sea  slope  of  the  bar. 
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The  author  calls  attention  to  the  photograph  of  four  very  intereeting  relief  models, 
one  showing  the  conditions  at  the  time  of  the  original  survey  in  1889,  before  any 
work  was  done.  The  excellent  channel  at  the  mouth  of  the  river  is  plainly  seen; 
then  a  very  irregular,  lumpy  bar  with  no  channel  through  it.  Then  in  1892,  during 
construction,  the  partial  development  of  the  channel  between  the  lines  of  jetties 
and  a  protrusion  of  the  bar  beyond  the  sea  ends  of  the  works  on  the  foreshore.  Then 
in  1895,  after  the  development  of  the  channel  during  1893-94,  and  then  finally 
in  1903,  when  the  river  currents  had  made  a  splendid  permanent  channel  and  the 
sea  currents  had  carried  away  the  entire  sea  slope  that  had  formed  beyond  the  ends 
of  the  jetties  during  construction.  These  models  were  prepared  for  the  Louisiana 
Purchase  ExjKmtion,  held'at  St.  Louis  in  1904. 

From  surveys  of  the  channel  between  Tampico  and  the  Gulf  of  Mexico  in  1903 
th^  river,  the  lines  of  the  works,  and  the  channel  depths  may  be  cleariy  seen,  also 
the  various  port  installations  along  the  banks  of  the  river,  none  of  which  existed 
previous  to  the  construction  of  the  jetties,  as  no  ships  of  any  size  could  enter  the  river 
over  a  stormy  bar.  All  cargo  and  passengers  had  to  be  transported  from  outside  the 
bar  to  Tampico  by  tugs  and  lighters  and  often  the  bar  was  impassable  for  days, 
Sometimes  weeks  at  a  titne,  compelling  ships  to  remain  at  anchor  outside  and  at  times 
to  weigh  anchor  and  go  on  to  other  ports  without  dischaigfng  or  receiving  cargo. 

It  may  be  asked  how  pile  trestles  could  be  built  and  maintained  during  construc- 
tion, in  a  seaway  and  exposed  to  heavy  storms  and  wave  action.  That  they  were 
used  is  proof  that  they  were  able  to  stand  the  terrific  seas  that  at  times  swept  across 
the  bar.  The  only  accident  was  the  loss  of  one  pile  driver,  which  had  been  left  on 
unbraced  piling  at  the  extreme  end  of  the  north  jetty  over  night.  A  storm  that 
came  on  suddenly  during  the  night  made  it  impossible  to  reach  the  pile  driver  and 
haul  it  back  to  safety  upon  the  completed  trestle. 

An  interesting  result  of  the  rapid  construction  was  the  temporary  decrease  of  depth 
in  the  river  channel  between  the  jetties  and  Tampico.  This  may  always  be  expected 
in  a  sedimentary  river,  for  the  jetties  form  in  connection  with  the  bar  a  partial  dam, 
raising  the  water  surface  behind  them,  slackening  the  current  and  inducing  deposit  in 
the  river  channel.  This  action  slowly  continued  until  the  summer  of  1893,  at  which 
time,  as  above  described,  the  "inner  bar"  and  the  outer  also,  were  entirely  removed 
by  the  current.  In  December,  1892,  there  were  only  25.7  feet  (7.8  meters)  depth  in  the 
river  channel  above  the  jetties  and  the  river  bed  was  shoaling  to  some  extent  over 
the  whole  distance  to  Tampico.  Toward  the  end  of  1893,  however,  when  the  river 
volume  found  a  free  outlet  to  the  sea,  the  river  channel  deepened  to  its  normal  depth. 
As  a  matter  of  recent  history  it  must  be  stated  that,  due,  first,  to  a  controversy 
between  the  Mexican  Government  and  the  Mexican  Central  Railway  Co.,  as  to 
which  should  pay  for  the  maintenance  of  the  works,  and,  second,  the  unfortunate 
political  situation  during  the  last  four  years,  the  works  have  not  been  properly  main- 
tained, and  the  result  has  been  a  diminution  of  depth  near  the  sea  ends  of  the  works, 
all  of  which  shows  the  absolute  necessity  of  maintaining  intact  rubble  mound  jetties 
exposed  to  the  sea. 

The  importance  of  the  port  of  Tampico,  which  has  become  a  great  oil  shipping 
port,  the  fact  that  it  is  the  terminus  of  the  important  railroad  from  Aguas  Calientes 
on  the  main  line  of  the  Mexican  Central  Railway,  and  also  the  terminus  of  the  Mon- 
terey &  Mexican  Gulf  Railway,  all  these  commercial  features  make  the  maintenance 
of  the  jetties  an  absolute  necessity,  which  will  no  doubt  be  attended  to  when  a  stable 
government  has  again  been  established  and  maintained  in  Mexico. 

The  great  commercial  benefits  of  such  works  are  apparent.  No  arguments  are 
needed,  but  it  will  encourage  engineers  and  governments  to  know  the  commercial 
results  of  the  two  works  described. 

In  1897  a  break  in  the  banks  of  Pass  a  L'Outre,  near  the  Head  of  the  Passes,  Mis- 
sissippi River,  made  it  necessary  to  apply  to  the  United  States  Congress  for  an  ap- 
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propriation  to  close  it.  The  author  was  engaged  by  the  commercial  interests  of  New 
Orleans  to  show  the  importance  of  closing  this  outlet,  as  it  tended  to  reduce  the  volume 
of  water  in  the  South  Pass  and  to  deteriorate  the  jetty  channel.  He  was  able  to 
0how  that  the  deep  channel  from  New  Orleans  to  the  sea  had  reduced  the  freight  rates 
on  export  cotton  to  Liverpool,  Havre,  and  Hamburg;  that  the  port  of  New  Orleans 
was  now  able  to  compete  with  the  rail  lines  to  the  Atlantic  Seaboard  from  the  entire 
Mississippi  Valley,  and  that  a  deep  channel  at  the  mouth  of  the  river  had  developed 
what  might  be  called  the  ''Mississippi  Valley  Route"  by  water  and  rail,  and  that 
the  jetty  channel  by  all  these  developments  had  saved  the  people  of  the  United 
States,  and  was  continuing  to  do  so,  over  125,000,000  per  annum. 

At  Tampico  similar  results  had  come  from  creating  the  channel  by  the  jetties,  for  the 
Mexican  Central  Railway  Company,  immediately  upon  completion  of  the  channel, 
lowered  its  rates  of  freight  from  Europe  to  all  points  in  Mexico  33  per  cent,  which 
compelled  all  other  lines  into  Mexico  to  do  the  same,  so  that,  while  the  physical 
results  in  both  cases  have  been  eminently  satisfactory,  commerce,  for  which  the 
:works  were  built,  has  been  enormously  benefited  and  also  the  world  at  huge. 

BIO  ORANDB  BIVBB. 

The  third  example  is  the  port  and  Barra  works  at  the  outlet  to  the  Atlantic  Ocean 
of  two  extensive  lagoaa— lagunas  in  Spanish,  lagoons  in  English— in  the  State  of  Rio 
Gtrande  do  Sul,  the  southern  State  of  Brazil.  The  physical  conditions  differ  greatly 
from  those  at  the  mouth  of  the  Mississippi  River  and  at  Tampico.  Unlike  Tampico, 
it  is  in  a  temperate  region,  at  about  32^  south  latitude. 

The  two  lagoas  have  an  area  of  about  9,400  square  miles  (24,346  square  kilometers). 
They  receive  the  drainage  of  a  watershed  of  83,000  square  miles  (214,970  square  kilo> 
meters).  One  of  the  lagoas,  Dos  Patos  (Lagoa  of  the  Ducks),  is  nearly  200  miles  (322 
kilometers)  long,  one-half  of  which  is  30  feet  (9.1  meters)  deep  and  30  miles  (48.3 
kilometers)  wide.  There  are  870  miles  (1,400  kilometers)  of  navigable  channels  in 
the  rivers  that  discharge  their  waters  into  these  lagoas  and  deposit  their  heavy  sedi- 
ments a  long  distance  from  the  ocean.  This  is  one  of  the  great  advantages  of  improve 
ment  of  outlets  of  such  water  areas,  for  the  difficulties  and  complications  that  exist  at 
the  mouths  of  rivers  discharging  their  sediments  directly  into  the  sea  are  not  found 
at  the  outlet  of  Canal  Norte  (North  Channel),  near  the  port  of  Rio  Grande,  where  the 
fluvial  and  tidal  volume  is  discharged  into  the  ocean  over  a  bar  after  traversing  thia 
channel  about  8  miles  (12.8  kilometers).  The  two  large  lagoas  constitute  immense 
interior  basins,  or  ''hafib,"  whose  issuing  waters  at  Canal  Norte  are  clear. 

The  bar  is  a  "drift,"  not  a  ''delta"  bar.  There  is  only  one  outlet.  The  channel 
through  the  sea  bar  is  unstable,  since  under  the  effect  of  winds  and  tides  it  swings 
slowly  during  the  years  from  one  side  to  the  other  of  the  outlet,  but  always  maintaining 
its  southerly  direction.  Between  1884  to  1900  it  trended  slowly  from  east  of  south  to 
west  of  south  and  back  to  east  of  south,  where  it  was  in  1905,  when  the  author  made 
his  examinations.  Canal  Norte  is  a  deep,  wide  channel,  having  a  10-meter  (33-foot) 
channel  three-fourths  of  a  mile  (1.2  kilometers)  wide.  The  central  depth  is  much 
greater,  up  to  60  feet  (18.3  meters). 

The  bar  is  composed  of  sand,  with  some  admixture  of  clay,  but  no  resisting  material. 
It  can  all  be  removed  by  current.  The  mean  range  of  the  tide  is  2  leet  (0,6  meter); 
the  ex^me  range,  due  to  weather  conditions,  about  8  feet  (2.4  meters).  The  general 
direction  of  the  laiger  lagoa,  Dos  Patos,  is  northeast  and  southwest.  The  prevailing, 
though  not  the  strongest,  wind  is  from  the  northeast,  which  lowers  the  water  surface 
not  only  in  the  lagoa  but  in  the  ocean  outside  the  outlet  Undw  these  conditions  there 
is  a  strong  current  over  the  bar  out  to  sea.  When  the  reverse  conditions  ^Hrevail,  with 
the  wind  from  the  southwest,  and  even  before  this  wind  begins  to  blow,  there  is  a 
strong  current  into  the  lagoa,  especially  in  times  of  small  fluvial  discharge.  The 
maximum  current  either  way  is  about  6  feet  (1.8  meters).  The  volume  of  discharge 
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reaches  at  tiines  500,000  cubic  feet  (14,000  cubic  meters),  and  a  discharge  of  250,000 
cubic  feet  (7,000  cubic  meters)  per  second  is  not  unusual.  During  extraordinary 
conditions  last  year  the  outgoing  current  reached  a  velocity  of  2.20  meters  (7.2  feet) 
between  the  jetties,  still  incomplete,  and  a  volume  of  discharge  of  over  18,000  cuMc 
meters  (636,000  cubic  feet)  per  second. 

These  figures  show  clearly  that  there  are  at  hand  hydraulic  forces  of  the  first  ofrder 
to  utilize  in  making  and  maiutainiTig  a  navigable  cluumel  of  33  feet  through  the  sea 
bar.  The  sea  slope  of  the  bar  varied  little  in  position.  In  22  years  prior  to  1905  the 
contours  of  lesser  depths  outside  the  bar  advanced  about  100  meters  (328  feet),  but  the 
deeper  contours  showed  no  advance. 

It  had  been  t^e  great  desire  of  the  Brazilian  Government  for  half  a  century  to 
deepen  the  channel  through  this  bar.  In  1876  the  Emperor,  Dom  Pedro  II,  came  to 
the  United  States  to  visit  the  Centennial  Exposition.  He  took  the  opportunity  to 
visit  the  works  then  imder  construction  at  the  South  Pass  of  the  Mississippi  River  in 
order  to  use  his  knowledge  gained  by  his  examination  in  arranging  for  the  improve- 
ment of  this  bar  at  the  port  of  Rio  Grande  do  Sul.  In  1904,  at  the  St.  Louis  expcv 
sition,  a  syndicate  of  Americans  was  induced  by  the  Brazilian  commission  to  look 
into  the  project,  and  the  author,  in  the  winter  of  that  year,  accompanied  them;  and 
to  him  personally,  or  the  company  which  he  might  form,  was  given  the  concession 
to  deepen  the  bar  channel  on  practically  the  same  basis  as  the  United  States  Oongress 
gave  the  charter  to  Mr.  Eads  for  improving  the  South  Pass  bar  of  the  MisniflHippi 
River.  The  channel,  however,  was  to  have  a  maximum  navigable  depth  of  10  meters 
(32.8  feet),  which  by  a  recent  interpretation  of  the  Brazilian  Government  requires  a 
channel  11  meters  (36.1  feet)  deep.  The  first  payment  became  due  when  a  navigable 
depth  of  6  meters  (19.7  feet),  with  a  sounded  depth  of  7  meters  (22.9  feet),  was  recently 
obtained  and  proven  by  the  passage  through  the  bar  channel  in  a  heavy  sea  of  a 
Brazilian  war  vessel  drawing  6.50  meters  (21.3  feet). 

The  author  at  the  outset  laid  down  the  same  principles  and  rules  as  those  estab- 
lished in  the  present  paper  as  absolutely  necessary  to  be  strictly  observed  in  this 
important  work  to  cost  110,000,000.  The  proposed  port,  costing  about  the  same 
amount,  was  included  in  the  concession,  but  that  was  to  have  its  principal  and  6  per 
cent  interest  guaranteed  by  the  National  Brazilian  Government. 

The  outline  plan  of  the  jetties  was  parallel  lines  straight  out  from  the  shore  at  the 
mouth  of  Canal  Norte  to  a  depth  of  30  feet  (9.1  meters)  outside  the  bar  and  at  right 
angles  to  the  predominant  sea  current.  The  center  lines  of  the  jetties  were  to  be  760 
meters  (2,461  feet)  apart.  The  length  of  the  east  jetty  was  to  be  about  5  kilometers 
(3.1  miles)  and  the  west  jetty  about  4  kilometers  (2.5  miles). 

The  French  company  to  whom  the  author  transferred  his  concession  appointed 
its  own  consulting  engineer  and  a  director,  the  latter  fully  empowered  to  act  for  the 
company.  The  author,  who  was  chief  engineer,  was  deprived  of  all  authority,  and 
his  plans  were  radically  changed  both  in  the  bar  works  and  in  the  port.  The  east 
jetty,  to  save  money,  was  shortened  to  3.7  kilometers  (2.3  nules)  by  utilizing  a  kilo- 
meter of  old  work  built  previously  by  the  Brazilian  Government.  This  change 
threw  the  zero  of  the  new  east  jetty  900  meters  (2,953  feet)  east  of  the  author's  loca- 
tion and  increased  the  width  of  the  area  of  water  surface  opposite  the  root  of  the  west 
jetty  to  2,200  meters  (7,218  feet).  The  author  unsuccessfdly  protested  against  this 
modification  as  creating  a  great  area  for  deposit  in  the  channel,  either  by  the  out- 
going or  the  inward  current.  His  fears  proved  well  founded-nluring  a  period  of 
prolonged  inflow,  following  his  departure,  when  a  strong  tidal  current  scoured  the 
bar  channel  and  deposited  the  material  in  this  wide  area.  The  next  year  there  was  a 
period  of  pronounced  outgoing  current,  when  thia  interior  shoal  was  picked  up  and 
deposited  outside,  making  a  protrusion  of  the  bar,  or  reaUy  a  new  bar,  1  kilometer 
(0.6  mile)  in  advance  of  the  existing  bar. 
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Another  BeriouB  modification  was  the  widening  of  the  jetty  channel  from  750  meters 
(2,461  feet)  to  945  meters  (3,100  feet). 

It  is  surprising  that  a  commission  of  six  very  experienced  engineers  of  England, 
France,  Germany,  and  Holland,  who  were  called  in  as  a  special  advis(»ry  board, 
should  insist  upon  a  width  of  1,000  meters  (3,281  feet)  in  the  parallel  pwtion  of  the 
jetties,  which  was  more  than  the  consulting  engineer  of  the  company  could  himself 
approve,  and  he  gave  telegraphic  instructums  in  December,  1913,  to  make  the  width 
945  meters  (3,100). 

In  February,  1915,  the  lack  of  results  and  of  development  was  so  evidently  due 
to  excessive  width  that  the  responsible  managers  of  the  property  took  the  responsibility 
of  changing  the  alignment  of  the  west  jetty,  so  that  when  both  jetties  should  reach  the 
4-kilometer  (2.5-mile)  point  in  the  sea  the  space  between  the  ends  of  the  jetties  would 
be  700  meters  (2,296  feet)  wide. 

The  many  changes  in  the  alignment  of  the  west  jetty,  due  to  a  variety  of  opinions, 
is  indicative  of  at  least  a  diversity  of  views.  Another  serious  defect,  also  contrary 
to  the  autiior's  established  principles,  was  the  neglect  to  protect  the  bar  in  front  of 
the  advancing  jetties,  although  most  insistent  advice  to  do  so  was  given  by  the  author. 
The  result  was  that  very  expensive  rock  brought  a  long  distance  was  used  to  fill  the 
deep  holes  scoured  out  in  front  of  the  jetties  5  meters  (16.4  feet)  below  the  original 
surface  of  the  bar.    The  millions  of  unnecessary  cost  can  easily  be  imagined. 

Another  serious  defect  was  the  slow  progress  of  the  work,  which  was  also  contrary 
to  Hie  principles  laid  down,  as  a  sine  qua  non,  by  the  author. 

The  author,  unable  to  compel  correct  plans  and  methods,  was  unwilling  to  renudn; 
therefore  he  resigned  and  left  the  work  in  April,  1910.  Most  of  the  work  above  de- 
scribed has  been  done  during  the  last  five  years,  since  he  left  the  enterprise.  Whether 
success  or  nonsuccess  results  will  depend  upon  whether  the  management  returns,  and 
soon  enough,  to  the  principles  and  rules  laid  down  in  this  paper  and  exemplified  in  the 
author's  plans  for  the  Rio  Grande  Jetties.  The  natural  conditions  are  eminently 
fovorable,  and  the  owners  of  the  property  may,  it  is  hoped,  save  from  failure  this 
very  important  commercial  enterprise  and  obtain  a  permanent  channel,  so  earnestly 
derired  and  so  much  needed  for  the  commerce  of  the  world  at  this  important  port 
between  Santos  and  Montevideo  and  so  ardently  longed  for  by  Rio  Grande  do  Sul, 
one  of  the  most  enterprising  States  of  Brazil. 

The  author  after  many  years  of  experience  is  glad  to  offer  the  results  of  his  labors  for 
commerce  to  the  engineerB,  scientists,  and  Governments  of  Pan  America. 

Chairman  Villalok.  Does  any  gentleman  present  wish  to  make 
any  remarks?  If  not,  the  chair  will  now  be  reoccupied  by  Dr. 
Corthell. 

Thereupon  Dr.  Corthell  resumed  the  chair. 

The  Chairman.  The  next  paper  is  on  "New  York  State  Canals/' 
by  William  B.  Landreth,  deputy  State  Engineer,  Albany,  N.  Y. 


NEW  YORK  STATE  CANALS. 

By  WILLIAM  B.  LANDRETH. 
Deputy  Engineer  State  of  New  Tbrh. 

Historians  have  claimed  that  the  first  canals  were  built  from  7,000  to  3,500  B.  C, 
mostly  for  irrigation  and  drainage  in  Babylonia  and  Egypt.  The  first  use  of  these 
canals  for  navigation  or  the  building  of  new  ones  for  that  purpose  can  not  be  definitely 
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determined.  The  Suez  Canal  was  op^i  fat  the  navigation  of  small  boats  by  600  B.  C. 
and  remained  in  operation  for  1,400  years.  The  Royal  Canal  of  Babylon  was  opened 
between  the  Tigiis  and  the  Euphrates  about  600  B.  C.,  and  while  it  has  been  claimed 
that  China  had  canals  before  the  Christian  era,  evidence  fixing  the  date  is  lacking. 

Canals  were  built  under  the  Roman  Empire  from  the  Rhone  to  the  Mediteiranean, 
from  the  Tiber  to  the  sea,  and  during  its  occupancy  of  England  two  canals  were  built 
in  Lincolnshire,  one  of  which  is  now  in  use. 

In  the  fourth  century  canals  were  built  in  Lombardy  and  near  the  end  of  the  fifth 
century  from  the  Adriatic  to  Mentone. 

The  Imperial  Canal  of  China  was  completed  in  1289. 

The  invention  and  use  of  canal  locks  with  movable  gates  marked  a  great  advance 
in  canal  design  and  construction.  Prior  to  the  use  of  the  canal  lock,  canals  were 
restricted  to  level  countries  or  to  small  boats  that  could  be  readily  moved  by  the 
inclined  planes  or  other  devices  used  for  transfixing  them  to  differing  levels. 

It  seems  almost  unaccountable  that  the  great  necessity  for  locks  did  not  earlier  lead 
to  their  invention  by  the  able  and  skillful  constructors  of  ancient  times.  That  the 
development  of  the  canal  lock  seems  to  have  been  a  gradual  one  is  evidenced  by 
the^t  that  its  first  use  was  not  impressed  on  the  minds  of  early  histraiaiis  sufiSdently 
to  lead  them  to  record  its  inventor  ot  the  country  of  its  first  use. 

Late  in  the  fifteenth  century  locks  were  in  use  in  Italy  and  Holland,  though  some 
writers  attribute  its  first  use  to  Holland  a  century  earlier. 

Possibly  the  precursor  of  the  lock  was  a  form  of  dam  described  by  Robert  Fulton 
as  being  in  early  use  in  Flanders.^  This  is  described  as  a  dam,  located  below  a  natural 
fall,  with  buttresses  having  vertical  grooves  into  which  gates  could  be  lowered,  thus 
stopping  the  water  till  its  surface  rose  to  that  above  the  faM, 

The  introduction  of  locks  was  followed  by  the  construction  of  several  canals  in 
France,  notably  the  canal  joining  the  Seine  and  Loire  and  the  Languedoc  Canal 
connecting  the  Bay  of  Biscay  with  the  Mediterranean.  This  canal,  completed  in 
1681,  was  an  enormous  undertaking  for  its  day  and,  with  its  length  of  nearly  150  mileSy 
rise  of  600  feet  above  the  sea,  numerous  locks,  aqueducts,  a  long  tunnel,  and,  for 
that  day,  its  laige  capacity,  stood  as  a  model  for  canal  building  for  nearly  a  century 
and  a  half. 

Almost  a  century  elapsed  after  the  French  construction  was  under  way  before  the 
English  people  began  the  era  of  canal  construction.  This,  however,  was  vigorously 
pushed,  the  period  from  1791  to  1800  being  marked  by  extensive  speculation  in  canal 
■hares,  finally  resulting  in  the  financial  ruin  of  many. 

It  was  but  natural  that  the  people  of  the  American  colony  should  perceive  the  need 
of  similar  improvements  in  the  new  land.  While  the  opportunities  were  great,  the 
diffictdties  were  greater.  During  the  colonial  period  various  attempts  were  made 
to  improve  various  streams,  but  little  iHH)gre6s  was  made  until  after  the  Revolution- 
ary War. 

The  first  attempt  to  improve  the  methods  of  inland  transportation  by  water  on  this 
continent  dated  from  early  in  the  eighteenth  century,  when  the  priests  of  the  Catholic 
Church  began  to  build  a  canal  around  the  nqpids  in  the  St.  Lawrence  River  near 
Montreal,  Canada. 

The  first  canal  in  the  United  States  was  built  in  Orange  County,  N.  Y.,  by  the 
surveyor  general  for  transporting  stone. 

Gen,  Washington  early  became  convinced  of  the  benefit  to  be  derived  by  the  colo- 
nists, and  before  the  Revolutionary  War  he  was  interested  in  a  inroject  to  improve  the 
Potomac  River. 

When  the  matter  of  building  a  canal  from  Albany  to  Bufiblo  was  seriously  contem- 
plated in  the  early  part  of  the  nineteenth  century,  Thomas  Jefferson  said  it  was  mad- 
ness to  attempt  the  building  of  a  canal  from  Albany  to  Buffalo,  while  Madison  thought 

lAtnatiseon  Um ImproyviikflDt of  Otnal Narigatiom,  by  B. Fulton  ,LondoD»17M. 
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that  the  cost  would  exceed  the  resources  of  the  entire  United  States  and  refused 
national  aid  to  the  project.  On  the  other  hand,  Gen.  Washington  was  a  strong  advo- 
cate of  the  construction  of  a  canal  across  New  York  State  and  earlier  in  the  agitation 
of  the  project,  soon  after  the  close  of  the  Revolution,  made  a  trip  from  Newbuigh  by 
way  of  the  Hudson  and  Mohawk  Rivers  to  Wood  Creek  and  stated  on  his  return  that 
he  hoped  the  people  of  the  State  of  New  York  would  not  fail  to  improve  the  great 
natural  watercourses  in  that  State. 

About  1791  first  attempts  were  made  to  improve  the  inland  navigation  oi  New  York 
State  by  the  construction  of  locks  and  connected  canals  by  private  companies,  and 
about  1808  the  policy  isi  constructing  canals  in  New  York  State  under  State  aid  was 
inaugurated.  In  New  York  State  there  exist  more  &v(H:able  natural  conditions  for 
opening  communication  by  water  between  the  Great  Lakes  and  the  Atlantic  secia 
board  than  elsewhere  in  the  country.  The  westerly  range  of  the  AU^eny  Moun- 
tains practically  disappears  as  it  approaches  the  Mohawk  Valley.  This  compara- 
tively low-level  route  formed  by  passing  up  the  Mohawk  River,  then  across  country 
to  the  headwaters  of  Wood  Creek  into  Oneida  River,  and  down  the  Oneida  River 
to  the  junction  of  the  Oneida  and  Seneca  Rivers  at  the  head  of  Oswego  River, 
thence  either  by  the  Osw^;o  River  to  Lake  Ontario  or  by  ascending  the  Seneca  River 
and  its  branches  to  the  interior  lakes,  was  used  by  the  Indians  and  early  settlers  as  a 
natural  highway.  This  act  undoubtedly  led  to  the  early  examination  of  this  route 
when  the  project  for  better  means  of  transportation  was  first  considered. 

The  actual  construction  of  the  Erie  Canal  began  on  July  4, 1817,  and  was  completed 
October  26, 1825.  This  canal  had  a  bottom  width  of  28  feet  and  a  depth  of  water  of  4 
feet.  The  actual  cost  of  the  original  canal  was  a  little  more  than  $7,000,000.  After 
this  canal  had  been  in  use  a  few  years  it  became  evident  that  the  benefits  to  be  derived 
from  it  would  be  greatly  increased  if  the  canal  were  made  larger.  This  led  to  the 
beginning  of  the  first  enlargement  in  August,  1836,  which  was  completed  September  1, 
1862,  at  a  cost  of  about  $32,000,000.  The  first  enlaigement  increased  the  width  of 
the  Erie  Canal  to  52)  feet,  with  a  minimum  depth  of  7  feet  of  water.  Various  branch 
canals  were  bxult  before  and  during  the  first  enlargement  of  the  Erie  Canal. 

During  the  years  from  1896  to  1898  a  partial  enlargement  of  portions  of  the  various 
canals  was  made  under  what  is  known  as  the  "nine  million"  appropriation.  The 
early  traffic  on  the  State  canals  consisted  mainly  of  the  products  of  the  forests  and 
farms,  and  as  the  forests  were  cut  off  the  traffic  on  certain  of  the  canals  gradually  di- 
minished, leading  finally  to  their  abandonment  about  1878.  The  Erie,  Oswego, 
Champlain,  Black  River,  and  Cayuga  and  Seneca  Canals  were,  however,  retained. 
Owing  to  lack  of  approi»iations  these  canals  to  a  large  extent  were  not  maintained 
in  a  condition  that  permitted  them  to  be  used  to  their  full  extent.  Structures  had 
become  dilapidated  and  the  prism  in  many  localities  partially  filled  up. 

THB  BABOX  GANAL. 

In  1899,  Gov.  Roosevelt  appointed  a  canal  commission  to  investigate  and  report 
to  him  on  the  question  as  to  whether  the  canals  should  be  improved  with  their 
IHresent  dimensions  and  retained,  or  whether  they  should  be  enlarged,  or  altogether 
abandoned.  This  committee  reported  early  in  1900  that  they  believed  the  canals 
should  be  retained;  that  the  Erie  Canal  should  be  enlarged  to  provide  for  boats  of  a 
thousand-ton  burden;  that  the  Oswego  and  Champlain  Canals  should  be  improved, 
but  for  boats  of  a  smaller  capacity.^ 

The  legislature  of  1900  approi»iated  $200,000  for  making  detail  surveys,  plans,  and 
estimates,  and  a  report  on  the  probable  cost  of  what  became  known  as  the  barge  canal « 
The  State  engineer,  as  a  result  of  such  surveys,  plans,  and  estimates,  reported  to  the 
governor  thereon  on  February  12,  1901.    At  this  time  much  discussion  was  hsA  in 

>  Report  of  the  Committee  on  Canals  of  New  York  State,  Albany,  1900. 
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the  public  presB  regarding  the  question  of  the  proper  dimensions  of  the  proposed 
baige  canal,  and  the  legislature  of  1903  i»ovided  for  a  submission  to  the  people  at 
the  general  election  in  that  year  of  the  project  for  the  improvement  of  the  EriOt 
Ghamplain,  and  Oswego  Canals  on  a  unifonn  basis  that  would  provide  for  boats  ci 
1,000  tons  burden.  This  referendum  was  submitted  to  the  voters  at  the  general 
election  of  1903  and  api»oved  by  them  by  a  substantial  majority.  This  act,  known 
as  the  ''baige  canal  law,"  provided  for  the  appropriation  d  $101,000,000  for  the  pur- 
pose of  rebuilding  the  Erie,  Oswego,  and  Champlain  Canals,  and  i»ovided  for  a  depth 
of  water  of  not  lees  than  12  feet. 

Contracts  were  entered  into  in  April  and  May,  1905,  and  operations  were  speedily 
begun.  The  first  actual  work  d  construction  was  started  on  April  24,  1905,  at  Fort 
Miller  on  the  Chami^ain  Canal,  and  the  first  work  on  the  Erie  Canal  at  Waterford 
on  June  7, 1905. 

An  important  change  in  the  original  plans  was  made  in  1905,  providing  for  a  width 
of  lock  chamber  of  45  feet  in  place  of  the  28  feet  provided  in  the  original  law. 

BOUTB  or  THB  BASOX  GANAL. 

The  baige  canal,  as  well  as  its  predecessor,  the  Erie  Canal,  connects  Lake  Erie  with 
the  Hudson  River,  the  Erie  Canal  entering  that  river  at  Troy  and  the  barge  canal  at 
Waterford.  From  Wateriord  westward  to  the  vicinity  of  Utica  the  baige  canal 
utilizes  and  canalizes  the  Mohawk  River,  then  passes  over  a  divide  and  into  Oneida 
Lake,  and  through  Oneida  Lake  and  Oneida  River  to  Three  River  Point,  the  junction 
of  the  Oneida  and  Seneca  Rivers.  It  ascends  the  Seneca  River  and  its  branches 
to  Lyons.  From  Lyons  to  the  Grenesee  River  at  Rochester  the  canal  follows  gener- 
ally the  valleys  and  Is  really  a  land  line.  Crossing  the  Genesee  River  at  Rochester 
in  a  pool  formed  by  a  dam,  the  canal  westward  to  Lockport  is  a  virtual  enlaigement 
of  the  existing  Erie  Canal.  From  Lockport  to  Tonawanda  the  canal  follows  the  route 
of  the  Erie  Canal  and  Tonawanda  Creek  canalized.  From  Tonawanda  to  BufCalo  and 
Lake  Erie  barge  canal  traffic  will  pass  through  the  Niagara  River. 

The  Oswego  Canal  starts  at  the  junction  of  the  Oneida,  Seneca,  and  Oswego  Riven; 
passes  northward  in  the  Oswego  River  to  Lake  Ontario. 

The  Champlain  Canal,  starting  at  Wateriord  in  the  Hudson  River,  follows  that  river 
to  Fort  Edward,  then  passes  across  a  divide  to  Fort  Ann,  then  through  Wood  Creek 
canalized  to  Lake  Champlain  at  Whitehall. 

Starting  at  the  Niagara  River  at  elevation  565.6,  the  Erie  Canal  descends  by  various 
locks  to  Three  River  Point  at  the  junction  of  the  Oneida,  Seneca,  and  Oswego  Rivers. 
Proceeding  eastward  the  canal  ascends  to  the  Summit  Level  at  Rome  at  elevation  420 
and  then  descends  eastward  In  the  Mohawk  Valley  to  elevation  184  above  the  Cohoes 
Falls;  then  to  elevation  15.2  in  the  Hudson  River  at  Wateriord. 

The  Oswego  Canal  descends  northward  from  Three  River  Point  at  elevation  363  to 
Lake  Ontario  at  elevation  244.4. 

From  Wateriord  the  Champlain  Canal  ascends  to  elevation  140.0  near  Fort  Edward, 
then  descends  northward  to  elevation  96.5  at  Lake  Champlain. 

The  legislature  of  1909  submitted  to  the  voters  a  project  for  the  expenditure  of 
$7,000,000  for  the  improvement  of  the  Cayuga  and  Seneca  Canal  on  the  same  general 
plan  and  dimensions  as  the  Barge  Canal.  This  referendum  was  approved  by  the 
people  and  the  State  engineer  proceeded  at  once  to  prepare  plans  for  the  work. 

The  Cayuga  and  Seneca  Canal  leaves  the  route  of  the  Erie  Canal  near  the  Montezuma 
Aqueduct  and  ascends  the  Seneca  River  to  Seneca  Lake,  with  a  branch  to  Cayuga  Lake, 
thus  connecting  these  two  lakes  with  the  Barge  Canal. 

By  the  enlargement  of  the  original  canal,  completed  in  1862,  the  route  of  the  Erie 
Canal  was  in  many  localities  changed,  and  carried  along  the  sides  of  the  valley  and 
generally  several  feet  above  the  flood  height  of  the  stream,  while  the  original  canal 
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followed  nearer  the  streama,  croflsing  them  generally  in  a  pool  formed  by  a  dam.  The 
designers  of  the  Baige  Canal,  as  far  as  was  feasible,  followed  the  streams,  thus  lessening 
the  cost  and  loss  of  water  by  percolation  and  seepage. 

WATBB  SUPPLY — BRIE  CANAL. 

That  portion  of  the  canal  from  Tonawanda  eastward  to  Three  Kiver  Point  will  be 
supplied  by  water  mainly  from  the  Niagara  Kiver,  supplemented  by  additional  sup* 
plies  from  a  series  of  lakes  known  as  the  Fing^  Lakes,  tributary  to  the  Seneca  River. 
The  summit  level  at  Rome  will  be  supplied  frx)m  existing  reservoirs  south  of  the  Erie 
Canal  between  Syracuse  and  Rome,  and  from  storage  reservoirs  on  the  Mohawk  River 
at  Delta,  and  on  West  Canada  Creek  at  Hinckley.  Water  from  the  latter  reservoir 
will  be  carried  down  West  Canada  Creek  for  a  few  miles  and  then  by  a  new  open  chan- 
nel across  a  divide  into  Nine  Mile  Creek,  a  tributary  of  the  summit  level. 

The  storage  reservoir  at  Delta,  formed  by  building  a  concrete  dam  about  1,000  feet 
long  with  a  maximum  height  of  100  feet  floods  an  area  of  4}  square  miles,  and  stores 
2,760,000,000  cubic  feet  of  water. 

The  Hinckley  Reservoir,  formed  by  a  dam  across  West  Canada  Creek,  floods  an  area 
of  4}  square  miles,  and  has  a  capacity  of  3,445,000,000  cubic  feet. 

The  sununit  level  of  the  Champlain  Canal  at  Fort  Edward  will  be  supplied  frx)m  an 
existing  feeder  taking  water  from  the  Hudson  River  at  Glens  Falls. 

EXCAVATION. 

The  total  amoimt  of  excavation  for  the  construction  of  the  canal  is  estimated  at 
100,000,000  yards,  of  which  about  10  per  cent  is  rock. 

Many  methods  of  excavating  have  been  used  on  the  various  canals.  The  stripping 
of  the  embankment  areas  and  light  excavation  has  been  done  on  some  contracts  by  the 
use  of  graders  propelled  by  horses  or  traction  engines. 

Various  types  of  drag  scrapers  operated  either  from  stationary  towers  or  revolving 
derricks  have  been  used.  Steam  shovels  of  varying  weights  and  capacities  with  their 
necessary  equipment  of  locomotives  and  cars  have  been  employed  on  many  contracts. 
On  some  portions  of  the  work  the  dry  earth  excavation  has  be^  moved  by  cantilever 
cranes  moimted  on  a  single  tower,  and  others  by  a  double  boom  excavator  operating 
on  a  portable  turntable,  and  on  one  contract  a  cantilever  bridge  q[>anning  the  prism 
and  moving  upon  tracks  parallel  therewith  is  used  for  transporting  a  grab  bucket  of 
large  capacity. 

Almost  every  known  type  of  hydraulic  or  dipper  dredge  has  been  used  as  well  as  a 
combination  of  the  two  where  the  material  was  excavated  by  a  dipper  dredge  separated 
by  screens  into  fine  and  coarse  material,  and  the  fine  material  earned  to  the  spoil  bank 
by  hyxiraulic  pumps. 

Various  forms  of  rock  drills  have  been  used  and  on  some  portions  of  the  work  the  rock 
was  broken  by  a  rock  breaking  machine  consisting  of  a  steel  hammer  weighing  about 
16  tons  which  was  repeatedly  raised  above  the  surface  of  the  rock  and  allowed  to  faU 
upon  it,  thus  breaking  the  rock. 

Ladder  dredges  of  laige  capacity  have  been  employed  on  portions  of  the  work. 

STBUOTURBS. 

Many  methods  of  mixing  and  transporting  concrete  are  in  use.  On  several  contracts 
the  gravity  Haines  mixer  is  used,  while  on  others,  various  types  of  mechanical  mixers 
are  in  operation.  The  concrete  is  transported  and  deposited  generally  in  buckets 
running  on  narrow-gauge  cars,  or  by  boom  derricks. 

On  contract  No.  11  the  ingredients  for  concrete  are  raised  to  the  top  of  a  Haines 
mixer  by  means  of  belt  conveyors  and  the  mixed  concrete  is  conveyed  from  the  mixer 
a  maximum  distance  of  817  feet  over  a  succession  of  belt  conveyors.    On  arriving  at 
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the  end  of  the  belt  conveyor,  the  concrete  is  placed  in  the  forms  by  lateral  belt  con- 
▼eyon  or  through  pix>ee. 

On  barge  canal  masonry  structures,  Portland  cement  concrete  only  is  used.  The 
proportionB  of  the  ingredients  of  the  concrete  are  as  follows: 

First-class  concrete — ^1  part  cement,  2  parts  sand,  and  4  parts  crudied  stone. 

Second-class  concrete — 1  part  Portland  cement,  2)  parts  clean  sand  or  crusher  dust» 
and  5  parts  crushed  stone  or  gravel. 

Third-class  concrete — ^1  part  Portland  cement,  3  parts  clean  sand  or  crusher  dust, 
and  6  parts  crushed  stone  or  gravel.  All  of  the  ingredients  are  measured  in  looe^ 
bulk. 

The  tests  for  tensile  strength  of  Portland  cement,  for  a  mixture  of  3  parts  by  weight 
of  crushed  quartz  and  1  part  by  weight  of  Portland  cement  are  as  follows: 

At  the  end  of  7  days,  at  least  150  pounds  per  square  inch;  at  the  end  of  28  days,  at 
least  240  pounds  per  square  inch.  The  separate  samples  must  diow  an  increase  of 
strength  in  the  28-day  test  over  the  results  secured  in  the  7-day  test. 

LOOKS. 

The  baige  canal  locks  have  lock  chambers  45  feet  wide,  a  useable  length  of  chamber 
of  310  feet,  and  a  minimum  depth  of  water  of  12  feet.  Nearly  all  of  the  locks  have  mi- 
tered  swing  gates,  the  exceptions  being  the  lower  gate  of  the  lock  at  Little  Falls» 
which  has  a  solid  lift  gate  and  guard  locks. 

A  large  majority  of  the  locks  have  lifts  from  16  to  20  feet.  Three  of  the  locks  at  the 
Waterford  flight  have  lifts  of  34.5  feet  each,  and  the  Little  Falls  lock  a  lift  of  40.5 
feet.  The  chambers  of  the  locks  are  filled  and  emptied  through  ports  in  the  side 
walls  connecting  with  the  conduits,  and  the  flow  is  governed  by  vertical  lift  valves, 
with  the  exception  of  one  lock  at  Oswe^,  where  the  chamber  is  filled  and  emptied 
by  siphons. 

Nearly  all  of  the  lock  gates  are  of  steel,  and  they,  as  well  as  the  various  valves, 
capstans,  and  other  appliances  at  the  locks,  will  be  electrically  operated.  At  nearly 
all  of  the  locks  turbines  are  installed  for  the  generation  of  the  electricity  needed. 

At  the  flight  of  locks  at  Waterford  a  separate  power  plant  has  been  built  taking 
water  from  the  Mohawk  River  at  the  Crescent  Dam. 

nXBO  DAMS. 

For  fixed  dams  a  gravity  type  is  used  either  straight  or  curved  in  plan  with  an  ogee 
form  of  downstream  face.  The  height  of  the  fixed  dam  varies  from  about  6  feet  at 
the  Caughdenoy  Dam  in  the  Oneida  River  to  100  feet  for  the  reservoir  dam  at  Delta. 

MOVABLE  DAMS. 

Movable  dams  are  used  wherever  necessary  to  reduce  damage  from  floods.  The 
two  general  types  are  ''Taintor"  gates,  a  segmental  dam  rotating  about  an  axis,  and 
bridge  dams. 

The  type  of  bridge  dam  used  consists  of  a  heavy  steel  bridge  of  spans  varying  from 
150  to  240  feet  with  a  concrete  sill  extending  between  the  piers  in  the  bed  of  the  river. 
Steel  uprights  are  attached  to  the  downstream  chord  of  the  bridge  and  when  in  posi* 
ition  for  use  rest  against  heavy  castings  set  in  the  concrete  sill.  Steel  gates  are  placed 
against  the  upstream  side  of  adjacent  uprights.  The  water  is  maintained  at  the  proper 
height  by  varying  the  number  of  gates  used,  and  in  periods  of  low  water  nearly  or 
quite  all  the  openinge  will  be  dosed.  As  the  stream  rises,  a  sufScient  number  of 
gates  will  be  removed  from  time  to  time  to  maintain  the  pool  level  at  the  proper 
height,  and  in  case  of  heavy  flood  or  at  the  close  of  the  canal  season,  all  of  the  gates  and 
their  supporting  uprights  will  be  raised  and  attached  to  the  bridge  floor.  This  type 
of  bridge  dam  has  been  in  successful  operation  for  several  years  on  the  Moldau  River 
in  Bohemia. 
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SIPHON  8FILLWAT8. 

In  order  to  reduce  the  fluctuation  on  the  summit  level  to  the  Champlain  Canal  and 
at  Whitehall,  a  form  of  spillway  designed  by  Mr.  G.  F.  Stickney,  member  American 
Society  of  Civil  Engineers,  supervising  engineer,  has  been  used.  If  the  (ndinary  form 
of  spillway  had  been  used  on  the  summit  level,  a  crest  200  feet  long  would  have  been 
required.  The  siphon  spillway,  however,  measures  but  57  feet  between  abutments 
and  accomplishes  the  same  result  as  would  be  secured  by  a  longer  spillway  without  the 
siphon. 

BBn>GB8. 

Several  hundred  new  bridges  will  be  built  over  the  new  canal.  The  law  authorizing 
the  construction  of  the  canal  provides  that  there  shall  be  a  clearance  at  bridges  of  151  feet 
above  the  maximum  navigable  water  surface.  The  greater  part  of  the  new  bridges 
art,  therefore,  built  as  fixed  bridges  with  the  legal  clearance.  In  a  few  towns  and 
villages  the  local  conditions  are  such  that  the  construction  of  fixed  bridges  would 
necessitate  long  and  steep  approaches,  and  in  other  cases  the  approaches  to  fixed 
bridges  would  cause  heavy  damages  to  valuable  property.  In  such  cases  vertical  lift 
bridges  balanced  with  concrete  counterwei^ts  by  means  of  steel  cables  are  used. 
These  bridges  always  maintain  a  horizontal  position  and  are  lifted  sufficiently  to  give 
the  legal  clearance.  Stairways  are  constructed  connecting  with  the  sidewalks  of  such 
bridges  when  in  raised  position. 

It  is  expected  that  the  harbor  at  Tonawanda  will  eventually  become  a  barge  canal 
terminal  and  receive  lake  vessels.  The  bridges  crossing  this  harbor  will,  therefore,  be 
of  the  bascule  type,  giving  an  unlimited  overhead  clearance.  The  movable  bridges 
over  the  Oswego  Canal  will  also  be  of  the  bascule  type  and,  in  so  far  as  possible,  the 
new  fixed  bridges  over  that  canal  will  be  so  constructed  that  they  may  readily  be 
converted  into  movable  bridges  at  some  future  time  with  small  expense.  All  movable 
bridges  are  to  be  operated  by  electric  power,  which  is  now  generally  available. 

All  bridges  of  lees  than  about  200  feet  are  riveted  throughout.  Those  of  longer  spans 
than  200  feet  are  pin-connected.  Plate  girders  are  used  for  a  few  short  spans  at  the 
lower  ends  of  locks. 

Bridges  in  the  various  localities  are  designed  for  the  probable  traffic,  those  in  and 
near  cities  and  large  towns  being  ample  for  the  largest  traffic  that  can  come  upon  them, 
while  in  the  smaller  towns  and  country  districts  bridges  of  a  lighter  design  are  used. 

TERMINALS. 

In  order  that  the  canal  or  waterway  may  be  of  the  greatest  benefit  it  is  necessary  that 
harbors  or  terminals  should  be  provided  at  various  points  where  frei^t  may  be  readily 
loaded  or  unloaded.  It  would  be  as  illogical  to  build  a  line  of  railroad  across  a  country 
without  making  provision  for  passenger  stations,  freight  yards,  or  freight  houses  as  to 
build  a  canal  or  waterway  and  make  no  provision  for  the  loading  or  unloading  of 
freight,  depending  entirely  on  the  foresight  and  business  judgment  of  individuals  to 
provide  such  facilities. 

Having  this  fact  in  mind,  the  people  of  the  State  of  New  York  by  a  popular  vote  pro- 
vided funds  for  the  construction  of  terminals  along  the  barge  canal.  The  plans  for  the 
terminals  vary  with  the  needs  at  the  different  localltiee,  but  in  general  they  consist  of 
suitable  dockage,  mechanical  devices  for  handling  goods  quickly  and  cheaply,  and  a 
building  for  temporary  storage,  and  in  many  cases  connection  with  adjacent  railroads. 

The  purpose  of  the  State  is  to  furnish  a  place  where  any  shipper  may  have  the  ad- 
vantages of  efficient  terminal  facilities  at  a  reasonable  cost.  Funds  have  been  x>rovided 
for  terminals  at  all  of  the  cities  and  many  of  the  smaller  towns  and  villages  along  the 
route  of  the  canal,  and  many  of  these  are  in  process  of  construction.  The  particular 
type  of  machinery  to  be  used  in  the  various  terminals  for  a  prompt  movement  of  frei^t 
depends  upon  the  general  character  of  the  freight  and  in  many  cases  can  not  be  deter- 
mined until  use  of  the  terminal  has  developed  the  necessity  for  a  particular  type  oi 
machinery. 
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BIFICT  OV  OANALB  ON  TRAN8POSTATION. 

Prior  to  the  completion  of  the  Erie  Canal  in  1825  traffic  between  the  Hudson  River 
and  the  Great  Lakes  was  carried  on  by  using  wagons  between  Albany  and  Schenectady, 
then  ascending  the  Mohawk  River  by  small  boats,  passing  over  a  carry  to  Wood  Creek  at 
Rome;  thence  down  Wood  Creek  through  Oneida  Lake  and  down  the  Oneida  and 
Oswego  Rivers  to  Lake  Ontario  at  Oswego;  thence  by  boat  along  the  shore  of  Lake 
Ontario  to  the  mouth  of  the  Niagara  River,  and  by  wagons  to  above  the  Falls  at  Niagara 
Falls,  and  thence  to  Bufitalo  and  Lake  Erie.  This  means  of  travel  was  expensive  and 
slow,  and  naturally  the  cheaper  and  more  rapid  method  of  navigation  by  canal 
resulted  in  diverting  travel  to  it. 

At  this  time  the  States  bordering  the  Great  Lakes  were  being  gradually  settled  by 
emigrants  from  the  Atlantic  Seaboard  or  foreign  countries,  and  the  improved  facilities 
for  travel  induced  people  to  emigrate  to  those  States.  Tliis  is  shown  numerically  by 
Table  No.  1,  abstracted  from  Table  XCIV,  Statistical  View  of  the  United  States,  by  the 
superintendent  of  the  Seventh  Census.^ 

Table  No.  1. — Showing  relative  rank  o/8taU$  opened  by  the  Erie  Canals  compared  with 
other  States  of  the  United  Stateif  on  bake  of  population. 


state. 

1790 

1800 

1810 

isao 

1880 

1840 

1900 

New  York. 

6 

8 

17 

ao 

3 
13 

ao 

1 

6 
18 
M 
27 

1 
4 
13 

ao 

27 

1 
8 
10 
14 
28 

Ohio 

TndUlIM 

nUiiois .    . 

Michigan 

This  table  shows  that  States  whose  population  prior  to  the  opening  of  the  canal 
had  placed  them  low  in  the  list  of  States  immediately  began  to  increase  in  population. 
For  instance,  the  State  of  Ohio  between  the  years  1820  and  1840  changed  from  fifth 
place  to  third  place;  Indiana  from  the  eighteenth  to  the  tenth;  Illinois  from  the 
twenty-fourth  to  the  fourteenth;  and  Michigan  from  the  twenty-seventh  to  the 
twenty-third. 

After  the  opening  of  the  Erie  Raibroad,  providing  another  means  of  through  travel, 
the  increase  in  emigration  to  the  Lake  States,  of  course,  had  a  certain  impetus  and 
increase  from  the  additional  means  of  travel.  The  improved  methods  of  transporta- 
tion allowed  the  products  of  the  Lake  States  to  reach  the  populous  seaboard  and  im- 
proved markets  and  gave  a  ready  means  for  the  return  of  manufactured  articles  from 
the  seaboard  to  the  Lake  States. 

The  general  idea  of  the  traffic  carried  by  the  ^e  Canal  in  the  minds  of  most  people 
is  that  it  IB  mostly  through  traffic;  that  is,  freight  passing  entirely  through  the  State 
from  the  Lakes  to  the  seaboard  and  vice  versa.  The  facts  are  that  for  many  years  the 
local  freight;  that  is,  freight  to  and  from  iKonts  within  the  State  other  than  New  York 
City,  has  been  about  four  times  the  amount  of  the  through  freight. 

Historians  of  the  epoch  have  in  many  instances  recorded  the  belief  that  the  com- 
pletion and  operation  of  the  Erie  Canal  greatly  increased  the  rapidity  of  settlement 
of  the  Lake  States.  This  increase  in  emigration  and  relative  ease  of  transportation 
had,  of  course,  a  substantial  influence  upon  New  York  State.  This  State  possessed 
natural  advantages  superior  to  those  in  other  Atlantic  States  as  a  route  of  commimi- 
cation  from  the  inland  district  to  the  seaboard. 

A  study  of  statistics  of  population,  manufactures,  and  commerce  shows  that  the 
growth  of  New  York  State  in  these  respects  greatly  increased  after  the  completion  of  the 
Erie  Canal,  and  a  comparison  with  the  remainder  of  the  thirteen  original  States  shows 

iHlrtoryof  N«w  YofkOansls,  by  Nohto  S.  Whitford,  Albtti7,1906. 
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that  such  increase  of  New  York  State  was  phenomiiial.  The  amount  of  canal  navi- 
gation greatly  increased  until  in  1846  the  value  of  shipments  brought  to  tide  water 
on  the  New  York  canals  was  greater  than  the  whole  export  traffic  of  the  State. 

A  study  of  the  distribution  of  population  in  the  State  of  New  York  shows  that  73  per 
cent  of  the  total  population  is  within  two  miles  of  the  internal  waterways,  either  canal 
or  river,  and  87  per  cent  of  the  total  population  is  within  20  miles  thereof,  showing 
that  any  improvement  of  the  means  of  water  transportation  and  reduction  in  freight 
rates  can  readily  benefit  a  large  portion  of  the  inhabitants  of  the  State. 

A  recent  writer,  regarding  the  facts  of  water  transportation  and  upon  the  cost  of 
the  commodities  in  New  York  State,  shows  that  after  the  completion  and  operation 
of  the  baige  canal  the  freight  rates  by  water  from  New  York  to  or  from  the  various 
cities  in  the  State  will  be  much  less  than  the  prevailing  railroad  rate,  and  that  a  con- 
servative estimate  shows  that  the  rates  either  by  the  all-water  route  or  water  and 
motor  tnick  will  be  about  75  cents  a  ton  less  than  the  rate  of  the  all-rail  route.^ 

Taking  into  account  the  Panama  Canal  and  its  effect  on  transcontinental  freights^ 
freight  from  the  Pacific  coast  can  be  carried  by  the  all-water  route  to  New  York  and 
by  the  baige  canal  to  the  Great  Lakes  at  a  price  so  low  that  the  line  of  equal  costs 
by  this  route  and  by  the  all-rail  route  from  the  Pacific  coast  eastward  passes  west  of 
the  Mississippi  River  and  along  the  Ohio  and  its  branches  so  that  lumber,  for  instance, 
can  be  brought  from  the  Pacific  coast  by  way  of  the  Panama  Canal  and  through  the 
barge  canal  and  Great  Lakes,  and  then  by  rail  to  the  Mississippi  River  for  the  same, 
cost  for  freight  as  it  can  be  carried  for  from  the  Pacific  to  the  Mississippi  River  by 
raU. 

Because  the  present  economic  conditions  in  New  York  State  are  radically  differant 
from  those  existing  when  the  Erie  Canal  was  first  constructed  there  is  little  basis  of 
comparison  between  the  effects  of  the  bidlding  of  the  old  canal  on  transportation 
and  those  to  be  expected  from  the  completion  of  the  baige  canal.  Competent  obsenreis 
of  traffic  conditions,  cause  and  effect,  have  stated  that  undoubtedly  the  effect  of  the 
completion  and  operation  of  the  baige  canal  will  be  to  greatly  lessen  the  cost  ci  trans* 
portation  between  the  Atlantic  seaboard  and  the  Great  Lakes. 

Ship  builders  and  owners  and  operators  of  boats  stated  their  intention  to  build, 
equip,  and  operate  lines  of  freight  boats  between  New  York  City  and  the  Great  Lakes 
and  they  confidently  expect  to  reduce  the  time  of  transit  between  New  York  and 
Buffalo  to  5i  days  or  about  one-half  the  average  frei^t-car  schedule. 

The  State  of  New  York  up  to  the  end  of  1882,  the  time  that  the  collection  of  tolls 
on  the  canals  ceased,  had  received  from  tolls  about  $9,000,000  more  than  the  entire 
cost  of  construction,  improvement,  and  maintenance. 

As  no  tolls  are  to  be  collected  for  the  use  of  the  baige  canal  the  mcmey  expended 
for  that  construction  can  not  be  directly  returned  to  the  taxpayers  of  the  State.  Hie 
benefits  of  the  citizens  of  the  State  must  come  from  reduced  freight  rates  and  the 
general  effect  that  an  existing  cheap  means  of  transportation  has  on  the  rates  of  other 
transportation  lines. 

0O8T8  AND  PBOOBB88  OF  WOBK. 

The  following  appropriations  have  been  voted  by  the  taxpayers  of  the  State  for  the 
baige  canal  construction: 

Erie,  Champlain,  and  Osw^o  Canals $101,000,000 

Cayuga  and  S  enec  a  Canal 7, 000, 000 

Terminals 19,800,000 

Total  appropriations 127,800,000 

To  complete 27,000,000 

Total 164,800,000 

I  Bitfi  Canal  BuUetfai,  Albany,  N.  Y.,  July  1916. 
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At  the  present  time  about  90  per  cent  of  the  canal  is  completed,  the  uncompleted 
portions  being  scattered  throughout  the  State  where  legal  or  physical  obstacles  have 
deferred  the  completion.  The  Oswego  Canal,  about  one-half  of  the  Champlain  Canal, 
and  portions  of  the  Erie  Canal  are  now  in  operation,  and  it  is  expected  that  about  75 
miles  more  of  the  canals  will  be  put  in  operation  the  coming  spring  and  the  entire 
construction  completed  in  two  working  seasons. 

Mr.  Landbbth.  At  the  time  the  paper  was  \mtten  the  matter 
of  raising  the  $27,000^000  to  complete  the  work  was  before  the 
people  and  had  not  at  that  time  been  determined.  Since  that 
time  the  voters  have  approved  the  expenditure  of  the  $27,000,000, 
which  it  is  believed  will  be  sufficient  to  complete  the  work.  The 
contracts  will  soon  be  let  for  most  of  the  work  of  completion.  There 
are  certain  points  where  complications  with  railroad  companies  as 
to  crossing  omder  their  tracks  has  delayed  the  work.  Most  of  the 
construction  necessary  to  complete  the  canals  is  at  those  points. 
It  is  believed  that  by  a  year  from  now,  or  the  beginning  of  naviga- 
tion in  1917,  that  the  Erie  Canal  from  the  Hudson  River  to  Lake 
Ontario,  and  the  Champlain  Canal  from  Waterford  or  Troy  to  Lake 
Champlain,  will  be  completed  for  the  full  depth  of  12  feet  of  water 
and  that  in  one  more  season,  that  is,  at  the  beginning  of  1918  or 
at  the  end  of  1917 — the  canal  through  to  Buffalo — ^in  fact,  the  entire 
system — ^will  he  finished. 

Mr.  E.  W.  James.  I  should  like  to  ask  what  disposition  is  going 
to  be  made  of  the  old  canals  in  those  places  where  they  are  parallel 
or  very  closely  parallel  or  where  they  actually  intersect!  Jb  there 
any  intention  of  using  the  old  canals  t 

Mr.  Landbbth.  No;  the  old  canal  as  a  canal  will  be  abandoned. 
There  are  certain  places  where  they  will  be  utilized  for  mimicipal 
purposes. 

Mr.  James.  There  are  certain  places  where  the  two  canals  are 
nearly  parallel,  although  considerable  distance  apart. 

Mr.  Landbeth.  The  city  of  Schenectady  wished  to  buy  the  bed 
of  the  canal  for  a  broad  cross-town  street. 

Mr.  James.  They  will  fill  it  in! 

Mr.  Landbeth.  Yes;  and  with  other  cities  the  same  way.  The 
city  of  Syracuse  will  put  some  of  its  railroad  tracks  in  the  canal 
bed.  They  propose  to  buy  it  from  the  State.  The  City  of  Roches- 
ter is  making  preparations  already  to  place  their  suburban  trolley 
lines  in  the  bed  of  the  canal. 

Mr.  James.  Without  filling  it  in  t 

Mr.  Landbbth.  Yes;  without  filling  it,  because  the  existing  street 
crossings  and  bridges  can  be  lowered  to  the  street  level,  and  still 
leave  sufficient  headroom  for  the  trolley.  By  a  State  law  the  land 
board  puts  an  appraisal  on  a  certain  section  of  the  canal.  If  one 
of  those  cities  wishes  to  buy  two  miles  of  the  canal,  the  land  board 
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puts  an  appraisal  on  it,  and  they  advertise  it  for  sale.  They  can 
not  accept  an  offer  less  than  the  appraised  valuation,  and  it  goes 
to  the  highest  bidder. 

Mr.  James.  The  intention  is,  then,  in  a  general  way,  to  dispose  of 
the  old  canal  rights  1 

Mr.  Landbeth.  Yes.  In  many  cities  the  old  canal  bed  is  the 
best  place  for  a  broad  street  or  a  railroad  or  trolley  line.  In  other 
cases  the  canal  will  be  disposed  of  for  a  merely  nominal  sum,  or 
possibly  be  given  away,  because  of  the  expense  of  preventing  nui- 
sances and  drainage,  and  other  questions  of  that  kind.  I  am  sorry 
to  have  to  say  that  the  local  authorities  let  nuisances  go  by  without 
any  protest,  until  it  can  be  claimed  that  the  nuisances  are  caused 
by  the  State.  Then  the  local  authorities  go  for  the  State  officials, 
and,  in  many  cases,  the  State  has  paid  a  great  deal  of  money  to 
improve  matters  which  really  should  have  been  improved  by  the 
local  authorities;  so  it  is  the  general  practice  of  the  State  to  let  the 
land  go  at  a  nominal  sum,  often  because  it  finds  in  that  way  that 
it  really  saves  expense  and  annoyance  in  futiu'e  years. 

The  Chairman.  With  regard  to  those  long  stretches  at  Syracuse, 
does  the  old  canal  revert,  or  may  it  be  bought  for  agricultural  pur- 
poses between  the  municipalities  ? 

Mr.  Landbeth.  Yes;  the  State  law  allows  anyone  to  buy  a  stretch 
of  the  canal.  After  it  has  been  abandoned,  and  a  price  placed  on 
it,  it  must  be  sold  at  public  auction,  but  there  is  no  restriction  as 
to  the  bidding.  The  only  restriction  I  know  of  is  in  the  dty  of 
Schenectady,  where  a  law  has  been  passed  giving  the  city  the  first 
option,  because  they  wished  to  get  it  for  a  broad  street.  They 
have  to  bid  the  price  which  the  land  board  has  placed  on  it.  That 
is  by  a  special  law  of  the  legislature,  but  I  know  of  no  other  instance. 
Anybody  may  buy  it  elsewhere  for  agricultiu'al  purposes,  or  for 
trolley  lines,  if  they  pay  the  price. 

The  Chairman.  Aiiy  further  questions  of  Mr.  Landrethf  If  not, 
before  this  session  is  adjourned,  I  beg  to  state  that  the  following 
paper  by  Sr.  Eduardo  Garcfa  de  Zdfiiga,  of  Montevideo,  will  be  read 
by  title: 


TRANSPORTADORES  A£RE0S  EN  EL  INTERIOR  DE  LOS 
DEP6SIT0S  DEL  PUERTO  DE  MONTEVIDEO. 

Por  EDUARDO  GARClA  DB  ZtJSlGA. 
Profesor  de  la  FaotUtad  de  Ingenieria  de  la  UniverHdad  de  Montevideo. 

Los  dispositivos  mecftnlcos  destinados  a  acelerar  las  operaclones  de  carga  j 
descarga  en  los  pu^tos  tienen  una  importancla  cada  dfa  mayor  a  medlda  que 
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aumenta  la  capacidad  y  la  velocldad  de  los  bnques.  De  ahl  el  maravilloso  pro- 
greso  que  ha  experimentado  el  utilaje  portuario  en  los  tUtimos  afios  con  la 
introducci6n  de  grdas  poderosas  y  de  r&pido  movlmiento,  elevadores  de  granos, 
aparatos  carboneras,  montacargas,  etc.,  y  con  la  apllcacidn  cada  vez  m&s  ge- 
nerallzada  de  la  energfa  el^ctrica  para  poner  en  iDOvimiento  todo  ese  material 
con  el  m&ximo  de  eficacia. 

En  los  puertos  de  tr&nsito,  como  el  de  Montevideo,  la  necesidad  de  proceder 
r&pidamente  es  mayor  atln  que  en  los  puertos  terminales,  pues  las  demoras 
inevitables  para  la  entrada  a  las  d&rsenas  y  el  atraque  a  los  muros  afectan  ya 
en  una  proporcl6n  desfavorable  a  los  buques  de  gran  tonelaje,  los  cuales  s61o 
efectdan  generalmente  operaciones  de  poca  Importancia  relativa  en  el  puerto 
de  tr&nsito,  dado  que  la  mayor  parte  de  su  carga  Ueva  otro  destino.  Guiados 
por  aquella  tendencia  general  y  obligados  por  esta  circunstancia  especial  en  que 
se  halla  el  puerto  de  Montevideo,  proyectamos  el  utilaje  de  sus  muelles  y  de- 
p6sitos  buscando  la  mayor  economla  de  tlempo  posible  en  la  estadia  de  los 
buques.  A  ese  respecto,  gracias  tambi^n  a  la  buena  organizacidn  de  los  servl- 
dos,  se  ban  conseguido  ya  resultados  excepcionalmente  halagadores.  Pero  la 
entrada  de  las  mercaderlas  en  los  dep6sitos,  su  estivaci6n  dentro  de  ellos  y  su 
salida  y  colocacidn  sobre  los  vehlculos  que  ban  de  llevarlas  a  otros  dep6sltos, 

0  a  los  almacenes  particulares  de  la  ciudad,  o  al  Interior  del  pais,  deben 
igualmente  efectuarse  con  la  prontitud  correspondiente  para  evitar  acumula- 
clones.  A  este  fln  responde  la  instalaci6n  de  transportadores  a6reos  en  los 
dep6sitos  situados  frente  a  los  muros  de  atraque.  Este  g^nero  de  transporta- 
dores no  ha  sido  todavfa,  que  yo  sepa,  empleado  en  ningtln  otro  puerto.  EiSpero 
pues  que  la  breve  descripcl6n  aue  sigue  podr&  ofrecer  algtln  interns. 

Por  ahora  se  ha  limitado  la  instalaci6n  de  estos  aparatos  a  los  cuatro  gal- 
pones-dep6sltos  del  Muelle  B  (v^ase  el  piano  No.  1).  La  disposicidn  interior 
de  estos  dep6sitos  puede  verse  en  el  piano  No.  2.  El  trazado  de  la  via  monorrlel 
(viga  doble  T  de  51  kgs.  por  metro)  suspendida  del  techo  de  cada  uno  de  los 
dos  plsos  de  los  galpones-dep6sitos  estd  indicada  en  el  piano  No.  3.^ 

Vamos  a  entrar  en  algunos  pormenores  sobre  el  tipo  elegido.  El  peso  que 
pueden  levantar  los  transportadores  es  de  1,500  kilogramos,  siendo  el  peso 
propio,  sin  incluir  el  del  conductor,  de  2,715  kilogramos.  La  longitud  del  cable 
de  acero  que  sostiene  la  carga  permite  un  movimiento  vertical  de  15  metros. 
Las  velocidades  de  elevacldn  y  translaci6n  son,  respectivamente,  de  0  m.  20  y 

1  m.  por  segundo,  estando  provisto  el  transportador  para  cada  uno  de  estos 
movimientos  de  un  electromotor  de  tipo  blindado  de  61  H.  P.  Tienen  para  su 
manejo  todos  los  aparatos  de  seguridad  y  medlda  generalmente  usados :  corta- 
circuitos,  fusibles,  interruptores  de  maxima,  amperdmetros  y  voltlmetros,  colo- 
cados  de  modo  que  puedan  ser  f&cilmente  observados  y  controlados  por  el  con- 
ductor, para  lo  cual  Uevan  tambi^n  una  lAmpara  fija  y  otra  port&til;  poseen 
flnalmente  dos  controlers:  uno  para  el  movimiento  de  elevacidn  y  otro  para 
el  de  translacl6n. 

Para  detener  la  marcha,  el  conductor  dispone  de  un  freno  de  cinta  de  acero, 
fnertemente  construldo,  que  por  medio  de  un  electro-imftn  se  afloja  nuevamente. 
El  fundonamiento  de  este  freno  puede  reforzarse  por  medio  de  una  palanca 
de  pie,  la  cual,  en  caso  de  accidente,  suplir&  eficazmente  al  freno  de  electro-im&n. 
Para  el  mecanismo  elevador  se  ha  provisto  igualmente  un  freno  de  cinta 
movido  por  un  electro-im&n,  que  funciona  instant&neamente  en  caso  de  inte- 
rrupci6n  de  la  corriente  allmentadora  del  respectlvo  motor  y  que  tiene  suficiente 
poder  para  detener  la  carga  en  cualqulera  posid6n.  Un  interrupter  terminal 
autom&tico  impide  que  la  carga  sea  levantada  demasiado  alto.  Tanto  los  cam- 
bios  (movidos  por  medio  de  manijas  al  alcance  del  conductor)  como  las  ex- 

<  S«  han  tenido  que  omitir  las  ilustradones  referidas. 
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tremidades  de  las  vfas,  est&n  provlstos  igualmente  de  aparatos  de  seguridad 
que  evitan  los  choques  o  la  cafda  de  los  transportadores.  La  corriente  empleada 
es  contfnua  de  550  voltios.  Se  han  tornado  todas  las  precauciones  para  garan- 
tizar  el  aislainiento  de  los  edificlos,  que  siendo  de  cemento  armado,  podrfan 
8uf rir  a  causa  de  los  efectos  electrolltlcoa  de  la  corriente. 
El  contrato  contenla  las  siguientes  clfiusulas  para  la  recepcidn : 
Abt.  19.  Antes  de  redblr  los  transportadores,  la  Direcddn  del  Puerto  los 
fiometerft  a  las  siguientes  pruebas: 

(A)  Movimiento  de  eleyaci6n  y  descenso  de  una  carga  de  1,500  kgs.  a  la 
velocidad  de  0  bl  20  por  segundo  durante  una  bora  en  un  trayecto  vertical  de 
5  m.  El  ntlmero  mlnimo  de  movimientos  completos  ejecutados  durante  una 
bora  ser&  mayor  de  50. 

(B)  Movimiento  de  transladdn  con  la  carga  mftxlma  a  la  velocidad  de  un 
metro  por  segundo  en  un  trayecto  de  50  metros  que  comprender&  una  curva  de 
la  via,  durante  una  bora,  debiendo  bacer  por  lo  menos  20  movimientos  completos 
de  Ida  y  vuelta  en  esa  bora. 

Abt.  20.  La  8obre-elevaci6n  de  temperatura,  con  respecto  a  la  temperatura 
ambiente,  no  deber&  exceder  en  estos  ensayos  de  45^  O  para  los  inductores; 
50^  0  para  los  inducidos;  55^  0  para  los  colectores  y  escobillas;  40*"  0  para 
los  cojinetes,  bronces  y  coneziones. 

Estas  experiendas  se  llevar&n  a  cabo  en  un  dfa  en  que  la  tanperatura  en 
el  interior  de  los  dep6sitos  no  exceda  de  35^  0.  Adem&s  deber&n  resistir,  sin 
que  se  produzcan  cbispas  en  el  colector  y  sin  sufrir  deterioraci6n,  una  sobre- 
carga  eventual  de'40  por  ciento  durante  cinco  minutos. 

Abt.  21.  Se  aplicarft  durante  dos  minutos  una  tensi6n  altemativa  de  2,000 
voltios  entre  los  circuitos  el6ctricos  y  la  masa,  no  d^iendo  producirse  ningfin 
deq;>erfecto. 

Abt.  22.  Se  someterd  al  transportador  a  un  ensayo  mec&nioo^l^trico  con- 
sistente  en  la  elevaci6n  a  dos  metros  de  altura  de  una  carga  de  prud[)a  de 
2,000  kgs. 

Se  repetirft  esta  ezperienda  dnco  veces  en  el  espado  de  cinco  minutos. 

Abt.  28.  Los  proponentes  d^>erftn  espedficar  bien  daramente  el  ntlmero  de 
watt-boras  consumidas  por  tonelada  titil  para  efectuar  el  siguiente  ddo: 

Levantamiento  de  dnco  metros  en  carga. 

Transporte  de  dncuenta  metros  en  carga  sobre  una  vfa  que  comprenda  una 
curva  de  90*  con  radio  de  tres  metros. 

Descenso  de  dnco  metros  de  carga. 

Blevad6n  de  cinco  metros  en  vado. 

Begreso  en  vado  basta  el  punto  de  origen. 

Descenso  de  dnco  metros  en  vado. 

Estas  eq;)eciflcadones  se  har&n  para  cargas  de  1,500  kilogramos. 

Abt.  24.  El  proponente  indicar&  el  ntlmero  de  toneladas  que  puedan  removerse 
en  el  ddo  anterior  durante  una  bora,  suponiendo  que  el  engancbe  y  desen- 
gancbe  de  la  mercaderfa  no  absorberft  m&s  de  10  segundos  por  dclo  y  que  el 
movimiento  de  traslad6n  puede  comenzar  despute  de  baber  levantado  la  carga 
un  m^ro. 

La  propuesta  aceptada  garantizaba  un  consume  m&ximo  de  148  watt-boras 
por  tonelada  para  el  cido  indicado  en  el  artlculo  23  y  19  ddos  completos  en 
una  bora  con  una  carga  de  1,500  kilogramos. 

Las  prudws  de  recepci6n  se  Uevaron  a  cabo  con  &cito  completamente  satis- 
factorio.  El  consume  result6  de  93  watt-boras  por  tonelada  y  el  ntbnero  de 
ddos  de  26. 

Los  ensayos  pr&cticos  se  veriflcaron  el  9  de  Julio  del  corriente  alio  en  presenda 
de  las  aut(Nrtdad€S  portoariaa. 
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El  primer  ensayo  €0Dsisti6  en  trasportar  deede  la  bodega  de  un  buque 
atracado  al  muelle  hasta  el  fondo  del  galp6n-dep6slto  No.  8  (planta  baja)  cinco 
toneladas  de  mercaderfas  en  llngadas  de  una  tonelada.  Cada  carga  de  una 
tonelada  era  tomada  por  el  gancho  de  una  grda  el^ctrlca  en  la  bodega  del  buque, 
levantada  hasta  2  metros  y  medio  sobre  el  nlvel  del  pavimento  del  muelle,  girada 
de  180**  y  descendida  sobre  una  zorra  colocada  frente  a  un  port6n  del  galp6n- 
dep6sito.  Un  pequefio  movimiento  de  esta  zorra  ponfa  la  carga  verticalmente 
debajo  del  gancho  de  un  transportador  que  la  llevaba  hasta  el  otro  extremo  del 
dep6sito  y,  recorrlendo  uno  de  los  circuitos  de  la  via  monorrlel,  volvla,  sin  retro- 
ceder,  al  punto  de  partida.  Dos  transportadores  eran  necesarios  para  serylr 
a  una  grtia.  El  tiempo  ^npleado  para  la  q[)eracldn  completa  de  trasladar  una 
tonelada  de  mercaderfa  desde  la  bodega  del  buque  hasta  el  fondo  del  dep6slto, 
result6  en  t§nnlno  medio  de  55  segundos  y  el  gasto  de  energfa  correspondiente 
de  160  watt-horas,  cuyo  costo  no  alcanza  a  un  cent^slmo  de  peso  a  la  tarifa  de 
$0,085  por  kilowatt-hora. 

En  el  segundo  ensayo,  se  elev6  la  mlsma  carga  de  la  planta  baja  a  la  planta 
alta  del  galp6n-dep68ito  empleando  un  trasportador  de  la  planta  baja  y  otro 
de  la  alta  y  utilizando  los  puentes  exteriores  del  lado  de  tierra.  Esta  operaci6n 
duro  dos  minutos  y  seis  segundos  t§rmlno  medio  por  cada  tonelada  con  un 
gasto  de  energfa  de  $0,002. 

Finalmente,  el  trasportador  descargd  el  menclonado  peso  desde  el  piso  alto 
hasta  dejarlo  sobre  un  vehfculo  estacionado  en  la  calle  que  separa  los  galpones- 
dep6sitos  6  y  7  de  los  8  y  9,  empleando  en  esa  maniobra  un  minuto  y  cuarenta 
y  cuatro  segundos  con  un  gasto  de  energla  equivalente  a  $0,001. 

La  impresi6n  de  todas  las  personas  que  presenciaron  estos  ensayos  es  que, 
cuando  las  causas  de  la  gran  paralizaci6n  del  tr&fico  marftimo  hayan  desapare- 
cido,  los  transportadores  ser&n  un  auziliar  valioso  del  utllaje  de  nuestro  puerto. 

Diremos  para  terminar  que  todo  el  material  fn6  proporcionado  y  montado  por 
la  flrma  Deutsche  Maschinenfabrick  A.  G.  Duisburg,  y  que  el  costo  se  e1ev6  a  la 
df ra  total  de  $171,179,  descompuesta  asf :  $28,080  los  24  trasportadores ;  $139,106 
los  cables  y  rieles  y  su  colocacidn  (incluyendo  los  puentes  exteriores)  y  $3,994 
en  trabajos  accesorios  hechos  por  administraci6n. 

Hereupon,  at  11  o'clock;  the  session  adjourned. 
6843^— 17— VOL  VI 26 
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SESSION  OF  SUBSECTION  6  OF  SECTION  V. 

Raleigh  Hotel, 
ITiAirada/y  morning,  December  SO,  1915. 

Chairman,  S.  W.  Stratton. 

The  session  was  called  to  order  at  9.30  o'clock  by  the  chairman* 

The  Chairman.  Gentlemen,  we  will  now  come  to  order. 

We  h&ve  with  us  this  morning  Dr.  Clayton  H.  Sharp,  of  the  Elec- 
trical Testing  Laboratories  of  New  York,  which  has  been  doing  more 
perhaps  than  any  other  institution  of  the  kind  in  this  country  toward 
the  examination  of  materials  and  apparatus,  especially  electrical 
testing  instruments.  Dr.  Sharp  will  describe  for  us  this  morning  the 
work  of  this  testing  bureau.  The  bureau  is  destined,  I  think,  to  play 
a  very  important  part  in  our  relations  with  the  South  American 
coimtries.  It  has  come  to  the  attention  of  many  of  us  who  have 
come  in  contact  with  that  business  that  many  of  the  Latin  Americans 
are  entirely  unfamiliar  with  our  practices  and  with  our  materials 
and  have  been  accustomed  to  the  use  of  foreign  specifications. 
Every  effort  is  being  made  at  present  to  acquaint  them  with  our 
different  lines  of  manufacturing  through  the  commercial  attaches 
of  the  Department  of  Commerce,  and  also  through  the  Bureau  of 
Foreign  and  Domestic  Commerce.  Trade  will  be  greatly  benefited 
thereby;  in  fact,  it  is  almost  necessary  that  there  exist  stable  means 
of  inspection.  There  are  several  inspection  bureaus  that  have  to 
do  with  steels  and  materials  of  that  kind,  but  this  New  York  testing 
bureau  has  a  great  deal  to  do  with  electrical  apparatus  and  materials 
in  particular. 

It  may  interest  you  to  know  that  within  the  last  week  the  Bureau 
of  Foreign  and  Domestic  Commerce  and  the  Bureau  of  Standards 
have  arranged  jointly  to  publish,  in  foreign  languages,  the  specifica- 
tions of  the  American  Society  for  Testing  Materials.  That,  we  think, 
will  assist  in  the  extension  of  our  foreign  trade  in  the  South  American 
countries.  This  whole  question  of  standardization  is  exceedingly 
important  at  present. 

I  take  great  pleasure  in  introducing  Dr.  Sharp. 
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PRUEBAS  DE  SECBPClON  DE  APARATOS  ELeCTRICOS.' 

Pot  CLAYTON  H.  SHARP, 
De  lo$  Laboratorio$  de  Prueboi  ElSctricoM  de  Nueva  York. 

El  objeto  de  esta  pablicaci6n  es  sefiaUr  la  importanda  de  los  laboratorioB  de 
pmebas  comerdales  en  el  fomento  del  comerdo  y  las  tranBacdones  intemacionales. 
Entre  los  obst^culos  al  comerdo  intemadonal  hay  dos  que  un  laboratorio  de  pruebas 
comerdales  de  reconodda  poeici6n  y  autoridad,  ocupado  de  ensayos  y  revisiones, 
puede  con  toda  eficada  eliminar.  El  primero  de  ellos  conslste  en  la  falta  de  cono- 
dmiento  intimo,  por  parte  del  presunto  comprador,  residente  quiz^  a  gran  distancia 
del  labricante,  del  cai4cter  y  la  calidad  de  los  artfculos  ofrecidos  en  venta.  De  par- 
ticular importanda  es  esto  ahora  que  se  est^  establedendo  nuevas  reladones  de 
negodos  entre  los  Estados  Unidos  y  las  Beptiblicas  de  Centre  y  Sud  America.  El 
comprador  de  los  paises  latinoamericanos  se  y6  colocado  en  diflcil  situaci6n  al  tener 
que  hacer  su  elecd^n  de  mercaderfas  f abricadas  en  Estados  Unidos  sin  otra  base  que 
descripdones  orales  o  escritas;  o  al  verse  obligado  a  escribir  bus  especificadones  sin 
claro  conodmiento  de  las  caracteristicas  de  las  dases  normales  de  artefactos  y  mate- 
riales  disponibles  en  el  mercado.  S&bese  muy  bien  cu&n  econ6mico  es,  desde  el 
punto  de  vista  del  predo,  de  la  prontitud  de  entrega  y  de  la  unifonnidad  de  calidad, 
el  comprar  mercaderfa  en  existenda  normal  o  corriente,  en  vez  de  mercaderia  de 
dase  especial,  cuando  aquella  se  adapta  al  servido  exigido  lo  mismo  que  el  artfculo 
especial.  Baz6n  es  esta  por  la  cual  hay  ventajas  en  que  las  espedficadones  con 
arreglo  a  las  cuales  se  efectdan  las  compras  abarquen  sustandalmente,  en  cuanto  sea 
posible,  artfculos  de  calidad  y  manufactura  normales.  Tocante  a  este  punto  pueden 
ser  de  gran  valor  los  servidos  de  un  laboratorio  de  pruebas,  a  favor  de  los  cuales  sea 
posible  determinar  las  caracteristicas  de  artefactos  y  materiales;  y  tambi^n  cuando  sea 
menester  apartarse  de  los  tipos  normales  o  corrientes,  a  fin  de  adaptar  el  artfculo  a 
nuevas  o  inusitadas  condldones  de  servido,  para  que  el  laboratorio  determine  cuales 
deben  ser  las  caracterfsticas  modificadas. 

Los  resultadoB  de  esta  dase  de  pruebas  pueden  servir  de  base  x>ara  las  espedfica- 
dones; o  cuando  haya  disponibles  diversos  modelos  de  artefactos  del  mismo  car&cter, 
indicar  cu&l  es  la  hechura  o  manufactura  m^  adecuada  al  pedido.  Las  materias 
primas  y  los  artfculos  manufacturados  m&s  pequefioe  y  livianos,  como  son  los  que  se 
compran  en  grandes  partidas  teniendo  a  la  vista  muestraarespectivas  de  ellos,  son  las 
prindx)ales  clases  de  mercaderfas  a  que  es  aplicable  el  indicado  g^nero  de  pruebas. 

£1  segundo  obst&culo  al  comerdo  intemadonal,  que  eficientemente  puede  allanar 
un  laboratorio  de  pruebas,  proviene  de  la  natural  vacilaci6n  del  comprador  -pAm 
colocaise  enteramente  a  merced  de  un  vendedor  m^  o  menos  desconoddo,  por  lo 
que  mira  a  la  calidad  de  las  mercaderfas  x>or  redbir.  Nada  m^  natural  que  el  com- 
prador desee  examinar  las  mercaderias  que  el  vendedor  le  somete  al  Uenar  la  orden. 
Se  reeiste  a  colocar  una  orden  cualquiera  sin  m^  garantfa  que  las  seguridades  que 
ofrecen  los  vendedores,  pues  le  consta  la  imposibilidad  de  comprobar  la  exactitud 
de  esas  afirmaciones  en  tanto  que  las  mercaderlu  no  hayan  llegado  al  x>afs  o  a  la  ciudad 
de  destine.  No  desea  tampoco,  al  haber  dado  una  orden  eujeta  a  eepecificaciones 
cuidadosamente  establecidas,  aceptar  las  mercaderfas  mientras  no  se  le  muestre  que 
cumplen  con  esas  especificaciones.  Si  el  comprador  personalmente  o  por  intermedio 
de  un  representante  se  hallase  en  aptitud  de  realizar  pruebas  de  recepci6n  e  inspecddn 
de  la  mercaderfa  antes  de  su  embarque,  de  suerte  que  cualquiera  cosa  que  desmereciese 
en  lo  menor  de  la  norma  de  calidad  estipulada  en  el  contrato  de  compra  pudiera 
rechazarse  a  tiempo  -p&iA  ser  reemplazada  por  mercaderfa  de  fabricad6n  aceptable, 
es  claro  que  considerarfa  poco  probable  el  case  de  ser  vfctlma  de  una  imposiddn 
cualquiera.    Asf  se  evitarfa  un  serio  impedimento  x>aTa  las  transacdones  comerciales. 

t  Tradnoido  del  fngMs  por  oortesta  dal  8r.  Prot  A.  B.  Sabsar  de  U  Unirenidad  de  C^ 
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Las  promesaa  de  loe  vendedores  quedarlian  de  esta  suerte  sujetas  a  yerificad^n  y 
podrfan  aceptarse  con  mucha  menor  reserva  que  si  este  no  fuera  el  caeo,  al  miamo 
tiempo  que  el  hecho  que  las  espedficadonee  se  hubieran  reepetado  fielmente  no 
dejarlan  de  ejercer  influencia  sobre  las  transacdones  en  general. 

Segdn  se  dijo,  esta  espede  de  inspecd6n  de  rec^;>d6n  debe  piacticane  en  un 
punto  tan  cercano  como  sea  posible  del  lugar  de  fabricad6n  de  la  mercaderia.  Guando 
se  presenten  fadlidades  adecuadas,  que  es  lo  coniente,  es  mejor  que  esta  inspeccidn 
se  haga  en  la  misma  £&brica.  Es  mudio  m&B  eficas  una  inspecd6n  de  este  gdneto  en 
la  forma  antedldia  que  practicada  en  lugar  distante.  Aai  que  Us  distandas  aumentan, 
las  dificultades,  Us  demoras  y  los  gastos  inherentea  a  U  enmienda  de  cualquler  equivo- 
cad6n  aumentan,  tambi^n  a  menudo,  a  tal  punto  que  sdlo  por  consideradones  de  orden 
prictico  se  aceptan  mercaderias  que  indudablemente  habrUn  side  rechazadas,  de 
haberse  practicado  U  reviai6n  en  U  £&brica.  £1  elemento  de  coste  del  traspoite 
como  asf  mismo  el  factor  de  tiempo  entran  x>ot  mucho  en  una  resoluci6n  semejante. 
Para  estar  seguro  de  U  mayor  rlgidez  de  U  in8pecci6n  de  las  mercaderias  ofreddaa 
como  asf  mismo  de  U  cuidadosa  elecci6n  de  las  aceptadas,  es  de  todo  punto  necesario 
que  dicha  inspecci6n  se  efectde  en  el  lugar  donde  los  reemplazos  o  cambios  puedan 
hacerse  con  U  mayor  prontitud. 

La  in8pecd6n  y  i^ueba  de  nuevos  aparatos  hecha  en  U  f&brica  antes  del  embarque 
es  de  gran  importancia  para  el  comprador  por  diversas  razones,  a  saber: 

1.  £1  ef ecto  moral  del  conodmiento  de  que  los  objetos  van  a  ser  revisados,  es  prenda 
de  cuidadosa  atenci6n  a  U  orden. 

2.  Cualquler  imperfecd6n  en  ellos  o  cualquler  diferencia  en  la  interpretad6n  de 
las  especificadones  son  deecublertas  y  subsanadas  antes  del  embarque. 

3.  Para  que  las  espedficacionee  tengan  algiin  valor  deben  ser  seguidas  de  pruebas. 

4.  Minudosos  datos  sobre  fundonamiento  de  los  aparatos  de  inestimable  valor 
para  una  compafiia  con  servicio  activo,  pueden  asegurarse  bajo  f av<»ablee  condidones 
por  ese  medio. 

£stas  consideradones  inducen  al  comprador  extranjero  a  desear  los  servidos  de  una 
organizad6n  encargada  de  pruebas  e  inspecciones,  sita  en  lugar  conveniente  respecto 
del  de  fabricad6n  y  embarque  de  las  mercaderias. 

Conviene  seflaUr  los  requisites  que  deben  exigirse  de  una  organizad6n  destinada 
a  pruebas  y  revisiones  a  fin  de  que  su  trabajo  en  esta  Ifnea  presente  el  misdmum  de 
ventajas  para  los  compradores.  Es  evidente  que  una  oiganizad6n  de  este  g6nero 
debe  en  primer  lugar  haUarse  libre  de  toda  connivencia  con  los  manufactureros  que 
puedan  propender  en  cualquler  forma  a  torcer  o  modificar  las  decisiones  resultantes 
de  las  pruebas  o  U  revisidn  de  los  artlculos.  Debe  estar  preparada  para  obrar  abso- 
lutamente  en  interns  de  sus  clientes,  mas  sin  olvidar  que  las  transacdones  comerdales 
tienen  caricter  de  repetid6n  incesante,  que  todas  estdn  ligadas  entre  si,  y  que  todo 
acto  comerdal  se  basa  en  un  convenio  mutuamente  ventajoeo  para  las  partes.  Hay 
que  evitar  x>or  lo  tanto  decisiones  de  car&cter  arbitrario  sobre  puntos  t^cnicos,  que, 
aparte  de  no  significar  ventaja  alguna  para  el  comprador  envuelven  innecesarU 
traba  para  el  fabricante.  La  cordialldad  de  reladonee  con  el  manufacturero  tiene 
en  sf  la  virtud  de  conducir  m^  eficazmente  al  logro  de  los  mejores  resultados  para  el 
comprador.  Es  muy  importante,  en  consecuencia,  que  U  organizad6n  encargada 
de  las  pruebas  inspire  confianza,  tanto  a  los  vendedores  como  a  los  compradores, 
resx>ecto  a  su  integridad,  impardalidad  y  racionabilidad. 

Una  organizad6n  de  esta  espede  debe  poseer  un  Uboratorio  adecuado  con  dotad6n 
completa  de  instrumentos  y  patrones  de  medidas  de  alta  precisidn,  de  modo  que  los 
resultados  de  las  pruebas  queden  a  cubierto  de  toda  objeci6n  por  este  capltulo.  Debe 
contar  con  sufidente  apoyo  finandero  que  afiance  de  todo  en  todo  su  car&cter  de  insti- 
tuci6n  responsable.  Debe  contar  adem^  con  un  personal  de  ingenieros  de  habilidad 
tunica,  conocimlentos  y  experienda.  Eetos  ingenieros  deben  estar  f  amiliarizados  con 
el  car4cter  de  los  aparatos  sometidos  a  prueba,  con  bus  puntos  ddbiles  y  sus  buenas 
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coalidftdes  por  lo  que  atafie  a  material  y  a  constroecidn,  con  los  m^todoe  de  luarlos  7 
las  condidones  a  que  es  preBumible  aean  sooietidoB  en  la  piictica;  todo  esto  a  fin  de 
que  aean  capaces  de  f  ormaiBe  cabal  concepto  sobre  la  adecuaci^n  de  esoe  articuloe  al 
eervicio  a  que  est&n  destinadoB. 

Lob  Labofatorios  de  Pruebas  El^ctricas,  [Electrical  Testing  Labofatories]  de  Nuevm 
Yoik,  corresponden  a  una  organizaci6n  de  esta  especie,  la  cual  fu6  ideada  e  instituida 
oondpropdsitodeeiisayaraparatosporcuentadeloscompradoraB.  Keesporningte 
coiicq[>to  una  compafifa  manufacturera,  y  nada  vende  como  no  sean  sus  servicios  en  la 
linea  particular  a  que  se  halla  dedicada.  Los  laboratories  estin  ofganizados  como 
Bodedad  an6nima,  cuyas  acciones  se  hallan  distribufdas  entre  gran  nthnero  de  corpo- 
ladones  de  servicio  pdblico,  ninguna  de  las  cuales  es  manufactuiera,  y  en  cambio  todas 
Bon  fuertes  ccmipradoras  de  materiales  d^ctricoe.  Mantiene  en  la  ciudad  de  Nueva 
York  un  laboratorio  modelo  dotado  de  elementos  completos  de  inY6Btigaci6ny  con 
Bucursales  en  las  Ericas  donde  es  justificado  tenerlas,  dado  el  volumen  de  trabajo  que 
en  ellas  hay  que  realizar.  Para  el  correcto  mantenimiento  de  bus  arquetipos  patzonee 
fundamentales  de  medidas  se  entiende  directamente  con  la  Ofidna  Nacional  de 
Medidas  (Bureau  of  Standards)  de  W^ishington,  procedimiento  seguido  con  todo  rigor 
que  la  pone  a  cubierto  de  cualquler  alteraci6n  de  valor  de  esoB  patrones  sobre  que 
descansa  la  exactitud  de  las  pruebas. 

El  campo  de  actividad  de  los  Laboratorios  de  Pruebaa  £16ctricas  no  se  limita  a  los 
EstadoB  Unidos  sine  que  se  extiende  a  otroe  palses.  Han  utilizado  y  utilizan  los  ser- 
vicios de  la  instituci6n  compradoreB  extranjeros  de  Europa,  Centre  y  Sud  America,  el 
Oriente  y  todas  las  partes  del  Imperio  Brit&nico.  Mantiene  correspondencia  no  b61o 
en  ingl^  sine  que  tambi^n,  cuando  es  necesario,  en  francos,  alem^,  castellano,  i>ortu- 
gu^  e  italiano.  Se  ha  ubicado  el  laboratorio  principal  en  Nueva  York  por  bbt  esta 
ciudad  el  centro  m^  grande  de  importaci6n  y  exportaddn  de  los  EstadoB  UnidoB  y  un 
punto  estrat^co,  el  m^  conveniente  que  pudiera  elegirse,  para  los  fines  del  comercio 
extranjero.  La  prolongada  experienda  de  la  compafifa  en  la  prueba  de  toda  dase  de 
aparatos  y  materiales  procedentes  de  muchas  iibricaB  del  pals,  lo  mismo  que  sua 
estrechas  r^adones  con  estadones  centralee,  cuyas  necesidades  y  condidoneB  conoce 
muy  bien,  son  drcunstandas  que  concurren  en  asegurar  la  eficacia  de  los  trabajoB 
efectuadoB.  En  los  dlas  que  corren  aun  los  gobiemos  de  las  giandes  potencias  del 
mundo  estin  aceptando  los  resultados  de  esas  pruebas,  relativas  a  compras  de  grandee 
cantidades  de  materiales  que  forzosamente  tienen  que  ser  de  la  mejor  calidad. 

Durante  la  tiltima  d6cada  se  han  comprado  con  sujed6n  a  las  pruebas  hechas  por 
los  laboratorios,  aparatos  y  matmales  el6ctricos  con  un  valor  aproximado  de  60,000,000 
de  ddlares.  Esto  abarca  piicticamente  toda  la  serie  de  artfculos  el^ctricos,  x>oro  lae 
dases  prindpales  las  forman  las  l&mpaias  de  candenda,  los  generadores,  motores  y 
tnutformadores  y  los  aiaLadores,  alambres  y  cables.  En  el  caso  de  maquinarla  peeada  y 
de  materiales  comprados  en  grandes  cantidades,  excepd6n  hedia  de  las  limpaias  de 
candenda,  la  investigaci^n  se  ha  llevado  a  cabo  en  las  mlsmas  ttbricas,  acompafiada  de 
simples  pruebas  confirmadoras  hechas  en  el  lab<»atorio  prindx)al,  en  Nueva  York. 
Las  l^paras  de  candenda  se  revisan  en  las  ttbricas  que  las  producen,  sin  perjuido  de 
oonfirmar  la  in8pecci6n  por  medio  de  mueetras  que  se  llevan  al  laboratorio  prindpal  en 
donde  se  determina  la  durad6n  de  las  l&mparas  en  condidones  usuales  de  servido. 

Oonviene  tomar  nota  de  que  la  vigilanda  de  los  lab<»atQrios  puede  hacerse  extensiva 
a  la  importantfaima  materia  del  mode  como  son  embaladas  para  su  embarque  lae  mer- 
caderfas  de  exportaddn,  y  averiguar  si  se  han  adoptado  las  precaudones  necesariaa 
para  regguardaria  del  grosero  manejo  en  el  tr&nsito,  aaf  como  de  la  humedad  a  que 
qsedan  expuestas. 

Dado  caso  que  los  productos  dispoublee  en  el  mercado  tengan  que  ser  sometidoB  a 
pnieba  o  que  los  artteulos  materia  de  un  contrato  tengan  que  ser  examinados  en  cual- 
quler lorma»  los  laboimtorioB  estin  Biempfe  listoB  pan  colocar  bub  dementos  al  servido 
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del  cliente  y  a  encftigane  de  repreeentar  los  intereeeB  del  comprador  a  fin  de  aeeguimr 
del  f  abricante  el  cumplimiento  de  las  condiciones  estipuladas  en  el  contrato. 

Gomo  dato  ilustratiyo  del  servicio  que  un  labofatorio  de  praebae  puede  pieetar  al 
comprador  extranjero  de  materialee  el6ctrlcos,  supongamos  el  caeo  de  una  compafi^ 
que  proyecta  la  erecci6n  de  una  llnea  trasmisora  de  alto  vcdtaje,  coea  que  envuelve  la 
compradegranntimerodeaisladoTeB.  Por  no  eatar  familiariwida  la  Bupueata  compafiia 
con  el  disefio,  el  matoial  y  los  m^todos  de  manulactura  de  los  dilerentes  tipoe  de  aiala- 
dores  que  se  hacen  en  loe  Estadoe  Unidos,  se  dirige  al  laboratorio  de  pruebas  en  demand* 
de  conaejo  e  informaciones.  El  laboratorio  recoge  entre  los  diversos  fabricantes  acre- 
ditados  de  alsladores  en  dicho  pais,  sus  indicaciones  sobre  los  aisladores  que  pudieian 
recomendarse  para  el  servicio  requerido.  Se  remiten  muestras  de  ellos  al  laboratorio 
de  pruebas  para  que  sean  sometidas  a  una  serie  de  ensayoe.  Se  envia  iniorme  a  la  com- 
pafifa  sobre  las  caracterlsticas  de  los  aisladores  en  regimen  de  servicio,  inionne  que 
puede  referirse  a  los  siguientes  puntos: 

Resultado  de  las  pruebas  de  alto  voltaje. 

Prueba  el^ctrica  bajo  detemdnadas  condiciones  de  Uuvia  y  viento. 

Resistenda  a  la  tenBi6n  (en  el  case  de  tipoe  suspendidos). 

Caiga  de  ruptura  horizontal  de  la  espiga  (tipo  callampa,  de  aisladcffes). 

Absorci6n  de  humedad  por  la  porcelana. 

Peso  de  cada  aislador  (bruto  y  neto). 

Aspecto  (excelenda  de  &ibricaci6n,  lustre,  acabado,  etc.). 

Sobre  la  base  de  este  informe  se  preparan  las  espedficadones  y  se  firma  un  con- 
trato entre  la  compafiia  y  alguno  de  los  fabricantes.  El  pliego  de  condiciones  sirve 
de  base  para  la  revision  de  los  aisladores,  una  vez  listos  para  su  embarque. 

Cuando  el  fabricante  notifica  al  laboratorio  de  pruebas  que  los  aisladoree  est6n 
dispuestoB  para  el  embarque,  se  envia  por  el  laboratorio  un  inspector  competente  para 
que  someta  los  aidadoree  a  las  siguientes  pruebas  y  revisiones: 

1.  Cuidadosa  revisi6n  de  todas  las  partes  de  porcelana,  a  fin  de  eliminar  las  layadas, 
torddas,  semicocidas,  o  defectuosas  en  cualquier  forma. 

2.  Las  pruebas  estipuladas  de  alto  voltaje,  sobre  todas  las  partes  de  porcelana,  para 
eliminar  las  el6ctricamente  d^biles  o  defidentes. 

3.  Cuidadosa  revisi6n  de  todas  las  partes  met^cas,  para  determinar  si  hay  defectos 
de  fandid6n,  fallas  de  galvanizad^n,  etc. 

4.  La  estipulada  prueba  de  alta  tension,  aplicada  a  todos  los  aisladores  montados  o 
asegurados  con  pasta. 

5.  Pruebas  de  tension  mec&nica,  de  todos  los  aisladores  de  tipo  sospendido. 

6.  Pruebas  de  designio  especial,  como  son  las  siguientes,  para  asegurarse  de  que 
todos  los  aisladores  concuerdan  con  las  muestras  individuales  ensayadas: 

Pruebas  de  absord6n  de  humedad  sobre  parte  de  las  muestras  de  aisladoree,  paia 
comprobar  la  resistenda  al  calor. 
Pruebas  de  alto  voltaje  y  contra  la  lluvia,  en  muestras  tomadas  al  azar. 
Pruebas  del  galvanizado  de  las  partes  de  metal. 

7.  Embarque.  Aceptados  los  aisladoree  y  dispuestos  para  su  embarque,  el  inspector 
examina  los  cestos  o  barriles  que  los  enderran  a  fin  de  averiguar  si  son  adecuados 
para  sufrir  el  grosero  tratamiento  a  que  quedan  expuestos  durante  el  viaje.  Por  otia 
parte,  puede  comisionarse  al  laboratorio  de  pruebas  para  obtener  que  los  materiales 
se  manden  por  la  via  m^  expedita  y  que  no  se  retarde  el  embarque  i>or  motives  injustl- 
ficados. 

Descritas  segtin  lo  que  antecede  las  reladones  entre  un  laboratorio  de  pruebas  y 
los  compradores  de  otros  palses  y  habiendo,  a  m^  explicado  de  una  manera  general 
en  que  consisten  los  Laboratories  de  Pruebas  El^ctricas,  es  dado  apredar  el  car^cter 
y  la  obra  de  esta  compafiia  y  su  adecuad6n  a  las  exigendas  de  las  condidones  comer- 
dales,  con  arr^lo  a  consideraddn  m^  detallada  de  su  ocganisadidii  y  equipo.  El 
negodo  de  los  laboratories  conaiste  exdusivamente  en  realizar  pruebas  e  inspecdones 
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Ensayo  de  un  gran  Generador. 
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Resultados  de  las  pruebas  para  doterminar  correctamonte  la 
callbracldn  do  lasldmparas  dc  candencia.  Los  Ifmites  de  la 
valuaci6n  est&n  dados  por  la  figura  de  diagonales.  La  co- 
rrecta  valuacitfn  queda  representada  por  un  punto  en  el 
centro  de  la  flgura.  Las  difcrencias  entre  buena  valuaoi<3n 
y  pobre  valiiaci<5n  que  muestra  cste  diagrama  son  muy 
slgniflcativas  tocante  a  indicaciones  del  servicio  que  pucda 
esperarso  do  las  Idmparas. 


Ensayo  dc  un  Transformador  de  Alta  Ten- 
sion, en  la  Fdbrica. 


Oficinado  pruebas  en  una  f dbrica  de  Umparas  de  candencia.  AquI  se  revisan  las 
Umparas,  por  lo  que  se  refiere  a  fallase  impcrfocciones  y  se  toman  lasmuestras  para 
las  pruebas  de  duraci<5n. 
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Vista  de  las  M^uinas  para  Resistencia  de  Traccidn.  La  mayor  parte  de 
ellas  tienen  una  capacidad  para  la  tension  o  compresidn  de  91  toneladas 
m^tricas  y  se  usan  en  las  pruebas  normales  de  acero,  latdn,  bronce,  hor- 
mig<)n,  ladrillos,  etc.  Las  m^uinas  m^  pequeftas  se  usan  constante- 
mente  en  los  ensayos  de  aisladores  de  suspension  para  las  llneas  tras- 
misoras.  Una  m^uina  que  no  muestra  la  fotografla  se  emplea  para 
las  pruebas  de  torsi<}n  de  ejes  de  acero,  etc.  En  las  pruebas  de  mate- 
riales  (en  ausencia  de  instrucciones  o  especiflcaciones  en  contrario), 
siempre  que  es  posible  se  siguen  la  pr4ctica  y  las  especiflcaciones  de  la 
Sociedad  Norteamericana  para  Pruebas  de  Materiales.  Los  porta-mue- 
stras  para  las  muestras  redondas  tienen  adaptadores  para  los  tipos 
ingl<^,  francos,  alemAn  y  ruso. 


Laboratorio  Quimico.  Aqul  se  hacen  todos  los  ensayos  y  anilisis  qulmicos 
ordinarios,  incluyendo  los  de  flerro,  acero,  bronco,  metal  "babbitt"  (antifric- 
ci6n),  caucho,  pinturas,  aceites  lubricantes,  aceites  combustibles,  agua  para 
alimentacidn  de  calderas,  carb<}n,  cenizas,  etc.  Tambi^n  se  hace  el  examen 
de  aleaciones  de  acero  y  otras  aleaciones  met^cas  que  muestran  su  com- 
posicidn,  los  efectos  del  tratamiento  por  el  calor,  etc.;  se  toman,  ademAs, 
fotograOas. 
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Mesa  para  pruebas  de  instnimentos,  con  su  resi>ectivo  tabloro,  dos- 
tlnada  a  la  calibracidn  o  el  contrastedevdltmetros  y  wdttmetrus. 
Para  el  suministro  de  corriente  por  baterfa  de  acumuladores  y 
las  medidas  de  calibracidn,  se  hace  roferencia  a  lo  ya  dicho  so^gsby 
medidas  de  contraste  con  patrones  primarios. 
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Diagrama  de  la  Organisaddn  de  los  Laboratorios  de  Pruebas  El^tricas. 


3l 


Inspeccidn  de  pruebas  de  aisladores  de  alto  voltaje.  En  trabajos  de  esta  clase 
las  partes  diversas  de  los  aisladores  se  someten  separadamente  a  pruebas  de 
alta  tensidn,  rechazAndose  las  partes  que  resultan  defectuosas.  Luego  con 
esas  mismas  piezas  se  arman  aisladores  completos  y  se  repite  la  prueba  sobre 
el  conjunto,  segl^  se  muestra. 
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Aparato  empleado  en  el  importantlsimo  trabajo  de  determinar  la  razdn  de  tras- 
formacidn  y  el  dngiilo  de  traslaci6n  de  faso  de  los  trasformadores  de  corriente. 
Estos  trasformadores  constituyen  un  factor  muy  necesario  en  la  madida  de 
corriente  altema  de  alta  tension,  y  cualquier  desviaci<5n  de  la  ra«5n  normal 
y  la  traslacidn  de  fase  en  condiciones  de  trabajo,  tiene  que  ser  reconocida  si  se 
quiere  realizar  tales  medidas  con  toda  predsidn.  Un  aparato  semejante  est^ 
arreglado  para  las  carrespondientes  medidas  de  trasformadores  de  voltaje. 
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Dos  Juegos  de  Motores— Generadores  para  Trabajos  de  Pruebas.  Uno 
de  ellos  produce  corriente  contlnua  que  se  mantiene  flja  por  medio  de 
reguladores  de  TLrrell  y  el  otro,  el  m&s  adelante  en  la  flgura,  produce 
corriente  altema  de  tres  frecuencias  relacionadas  entre  si  como  la  pri- 
mera,  la  tercera  y  la  quinta  armdnicas.  Con  esta  mdquina  puede  ob- 
tenerse  corriente  alterna  senoidal  de  frecuencia  hasta  de  300  ciclos  por 
segundo;  tambi^n  puede  producir  ondas  defonnadas  con  el  o])jeto  de 
probar  instrumentos  en  condiciones  anormales,  bien  que  prdcticas. 


Aparato  para  la  prueba  de  pilas  secas  y  acumuladores.  Con  este  aparato 
pueden  construirse  curvas  de  diu^cl6n  o  curvas  de  carga  y  descarga,  al  cual 
Intcnto  los  elementos  se  conectan  con  carga  y  se  desconectan  automitica- 
mente  durante  deflnidos  Intervalos  de  tiempo.  Las  medidas  eldctricas^-se 
hacen  con  instrumentos  de  precisi<}n. 


T 
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Equipo  de  alto  voltage.  Consta  de  iin  trasfonnador,  de  10 
Kva.  y  100,000  volts,  y  de  un  trasformador  de  50  Kva.  y 
275,000  volts,  Junto  con  aparatos  auxlliares  de  medida  y 
de  prueba. 


Vista  parcial  de  los  Soportos  de  Pruebas  de  DuraciOn.  Aquf  las  Idmparas  se  man- 
tlenen  encendidas  a  exactos  voltajes  con  arreglo  a  una  prueba  fotom4trIea  pre- 
liminar.  A  determinados  intervalos  se  sacan  de  los  soportes  para  su  medida 
fotomdtrica.  Se  guarda  un  registro  exacto  del  tiempo  efoctivo  que  han  estado 
encendidas,  a  cuyo  prox>6sito  se  emplea  un  inscriptor  el4ctrico  de  tiempo,  actuado 
por  un  reloj  maestro  o  central. 
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Aparato  fotom6trico  normal.  El  equipo 
induye  un  aparato  fotom^trico  de  la 
m^  alta  precisidn  junto  con  potenci6- 
metroepara  hacerlas  medidaseltotricas. 
Este.apcuikto  se  usa  extensivamente  en 
la  calibraol6n  de  Umparas  de  candencia 
destinadas  a  servir  de  patrones  de  in- 
tensidad  luminosa.  Estos  patrones  o 
8ubtii)os  luminosos  que  se  preparan  en 
los  Laboratorios  de  Pruebas  E16ctricas 
son  may  usados  en  los  Estados  Unidos, 
al  Igual  que  en  muchos  otros  palses. 


Esfera  integradora  do  75  centlmetros  de 
di^metro  usada  en  la  fotometrla]  de 
lAmparas  de  candencia.  Las  Idmparas 
que  vienen  someti6ndose  a  una  prueba 
deduracl6n  se  sacan,  a  convenientes 
intervalos,  de  los  estantes  de  prueba  y 
se  mide  su  emisiOn  luminosa.  De 
acuerdo  con  la  modema  prictica  esta 
producci<}n  luminosa  se  expresa  en 
Itlimenes.  Un  lAmen  es  el  flujo  lumi- 
noso  emitido  por  un  foco  de  unidad  de 
intensidad  en  unidad  de  dngulo  sOlido. 
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Esfera  intefi^adora  de  dos  metros  de  diimetro,  usada  en  las  pruebas  foto- 
m6tricas  de  focos  poderosos.  La  esfera  integradora  consiste  on  un  globo 
hueco  pintado  interiormente  de  bianco  mate,  en  cuyo  interior  se  coloca  el 
foco  por  ensaytur,  on  un  punto  de  la  periferia  se  inserta  una  ventanilla  de 
vidrio  difusor  y  entre  la  ventanilla  y  el  foco  Iiuninoso,  dentro  de  la  esfdra,  se 
interpone  una  ancha  pantalla  para  interceptar  los  rayos  luminosos  directos. 
A  favor  de  un  fot<}metro  adecuado  se  mide  la  luz  emitida  por  la  ventanilla  y 
el  resultado  es  medida  del  total  fluJo  luminoso  de  la  l^Unpara. 
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Prueba  para  determinar  la  distribucK^n  vertical  de  la 
luz  en  tomo  a  una  I&mpara  de  candencia  con  reflector 
de  vidrio.  £1  diagrama  polar  muestra  la  intensldad 
lumlnosa  media  bajo  diferentes  ingulos  en  el  piano 
vertical.  La  comparacidn  de  los  Illmenes  totales  ge- 
nerados  i>or  la  Idmpara  con  el  flujo  total  en  li!imenes 
de  la  combinacidn  muestra  las  cualidades  y  la  eflcien- 
cia  de  los  accesorics  de  iluminacidn  de  oste  cardcter. 
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de  toda  claae;  consecuentemente  la  compaflla  gasta  todo  empefio  en  efectuar  un  servi- 
cio  eficaz  y  pronto  para  bus  clientes  a  precios  razonablee.  FropMto  es  eete  que  la 
compaflla  realiza  sin  dificnltad,  pues  no  solamente  cuenta  para  ello  con  todo  el  mate- 
rial neceeario  sino  con  vasta  ezperiencia  en  eete  g^ero  de  trabajoe.  Dirige  iina 
orgaiiizaci6n  que  se  mantiene  en  estrecho  contacto  con  la  dencia  y  el  arte  de  la  inge- 
xiierla  el^tiica  en  todas  bus  ramificaciones;  su  tarea  estd  confinada  a  enaayoe  y  revi- 
siones  e  incluye  en  su  campo  de  actividad  toda  cosa  que  envuelva  la  determinaci6n 
de  eficienda  de  servido  y  la  comprobaddn  experimental  de  hechos. 

La  8ux>erfide  disponible  es  aproximadamente  de  2,800  metroe  cuadradoe.  La 
maqiiinaria  y  los  aparatoe  pesados,  aai  como  loe  laboratories  mecdnicos  y  de  alta  tension, 
eet&D  instalados  en  el  86tano.  En  el  piso  medio  se  encuentran  las  diversas  secdones 
de  loB  laboratories  fotom6tricos.  Aquf  se  hacen  los  ensayos  de  Umparas  de  candenda 
y  de  arco,  de  gas  y  de  cualquier  otra  forma  de  focos  luminosos.  £n  el  piso  superior 
Be  hallan  el  laboratorio  el^trico  prindpal,  el  laboratorio  quimico  y  las  ofidnas.  En 
el  arreglo  y  la  dotad6n  de  los  laboratories  ha  side  el  prop^sito  as^^urar  la  mayor  eficacia 
en  la  obtend6n  de  ezactitud  de  los  resultados. 

A  eete  fin,  todo  nuevo  aparato  adquirido  es  siempre  de  la  mejor  clase  que  ee  dable 
obtener  y  se  le  adapta  en  la  mejor  forma  a  su  respective  use.  Todas  las  i»uebas  que 
I>or  lo  frecuente  de  su  realizad6n  han  Uegado  a  constituir  rutina,  se  someten  a  iina 
pauta  normal  cuanto  al  m^todo  que  hay  que  s^^uir,  y  los  aparatos  requeridos  se  han 
arreglado  en  posid6n  permanente  de  mode  que  cada  ves  se  pierda  el  mfnimun  de 
tiempo  en  los  preparatives.  Se  sigue  de  eeto  que,  con  aparatos  calibrados  y  el  empleo 
de  m^todos  normales  las  probabilidades  de  error  en  pruebas  de  esta  clase  como  asi- 
mismo  el  costo  para  realizarlas  se  reducen  al  mfnimum  posible. 

Muchas  de  las  pruebas  o  determinadones  encaigadas  a  los  laboratories  no  son  sus- 
ceptibles  de  adaptarse  a  norma  determinada  de  realizaci6n,  y  para  atender  a  ellas  se 
ha  hecho  buen  acopio  de  los  instrumentos  necesarios  de  aplicad6n  general.  A  menudo 
hay  que  efectuar  investigadones  que  dirfase  caen  m^  bien  en  el  dominie  del  labora- 
torio de  flsica  que  el  de  un  laboratorio  de  pruebas  industrialee.  For  ejemplo,  se  ha 
presentado  el  case  de  tener  que  determinar  coefidentes  de  dilatad6n  lineal,  y  en 
cierta  oca8i6n  per  el  m6todo  de  la  interferenda  de  la  luz.  Se  han  medido  conducti- 
vidades  t^rmicas  y  se  han  hecho  investigadones  sobre  las  propiedades  de  materiales 
aisladores  del  calor.  Se  han  llevado  a  cabo  complicadas  investigadones  ezperi- 
mentales  en  asuntos  reladonados  con  litigios  de  patentee.  Se  ha  hecho  la  calibra- 
d6n  de  term6metroe  lo  mismo  que  la  de  pir6metros  para  altas  temperaturas. 

Si  bien  la  compaflla,  segtin  lo  indica  su  nombre,  trae  su  origen  del  campo  el6ctrico, 
de  ningtin  mode  sus  labores  quedan  limitadas  a  ese  campo.  Practfcanse  tambi^  en 
sus  laboratories  eztensas  operadones  sobre  pruebas  de  resistencia  de  materiales  de 
construcd6n.  A  tal  intento  cu^tase  con  mdquinas  para  pruebas  de  ten8i6n,  com- 
pre6i6n  y  torBi6n.  Parte  activa  del  conjunto  total  es  un  laboratorio  destinado  a  los 
diferentee  ensayos  de  papeles.  Per  ser  tan  amplia  la  esfera  de  trabajo,  es  claro  que 
s61o  puede  ser  descrita  muy  superfidalmente  la  dotad6n  de  los  laboratories,  acompa- 
fi&ndola  de  referendas  a  las  adjuntas  figuras  y  respectivas  explicadonee,  para  tener 
una  idea  sobre  el  particular. 

Reconodendo  la  gran  importanda  de  las  pruebas  exactas  con  alto  voltaje,  no  sola- 
mente sobre  aidadores,  cables  subterr&neos,  submarines,  etc.,  sine  tamblen  sobre 
elementos  de  equipo  menor  si  bien  de  vital  importanda,  como  son  guantes  y  zapatos 
de  caucho  para  los  operarioe  de  las  llneas,  los  laboratories  han  preetado  mucha  aten- 
d6n  a  esas  medidas  y  han  creado  un  v61tmetro  "de  creeta.''  Este  instrumento  no 
indica  el  valor  efectivo  de  un  voltaje  altemo,  sine  su  amplitud  o  valor  miximo  que 
es  el  que  concieme  a  las  rupturas  de  aislamiento  y  que,  a  causa  de  deformad6n  de  la 
onda,  es  a  menudo  enteramente  desconoddo. 

El  trabajo  m&a  importante  con  alambres  y  cables  se  refiere  a  las  revisionee  y  pruebas 
en  la  f&brica,  donde  se  efecttian  las  prescritas  per  reglamentos,  sobre  cada  roUo  o 


Digitized  by  VjOOQIC 


396       PBOGEEDINOS  SECOND  PAN  AlCEBICAN  SCIENTIFIO  CONGBESS. 

tambor,  cuanto  a  reBi0tencia  de  aifllamiento,  tenaddad  diel6ctiica,  capaddad  elec- 
trost&tica,  conductividad,  continuidad  de  los  conductores,  etc.  Se  cominruebaii 
cuidadoeamente  laa  dimenaiones,  para  ver  que  est^  conformes  a  la  requerida  canti- 
dad  de  cobre,  el  aialamiento  y  el  forro  de  plomo;  se  sella  cada  rollo  o  tambor  antes  de 
embarcarlo;  se  mandan  muestras  al  laboratorio  para  someterlas  a  pruebas  espedales 
el^ctricas,  flsicas  y  qufmicas  y  a  un  ezamen  de  eetructura  de  constraccidn,  etc. 

Incumbe  tambi^n  al  departamento  qudnico  el  examen  de  papeles  y  otxas  mateiias 
fibrosas.  Con  eete  objeto  se  tienen  a  mano  varios  aparatoe  para  pruebas  de  papel,  y 
0e  aplican  las  normalee  o  reglamentarias  a  este  importantiaimo  artfculo. 

Con  lo  dicho  basta,  respecto  a  organizaci6n  y  equipo  de  los  Laboiatorios  de  Pruebaa 
£16ctricas,  x>ara  demostrar  que,  en  lo  que  atafie  a  las  funciones  indicadas,  eet&n  en 
aptitud  de  satia&icer  cumplidamente  las  exigendas  de  los  compradores  extranjeroe. 
Hay  que  hacer  hincapi6  en  que  el  cabal  conocimiento  de  los  productos  de  las  com- 
paiilas  manufactureras  mis  acreditadas  de  los  Estados  Unidoe,  la  habilidad  tunica 
del  personal  de  los  laboratories  y  su  conocimiento  de  las  necesidades  de  los  diierentes 
servidos,  el  apoyo  que  la  in8tituci6n  redbe  de  las  m^  altas  autoridades  en  la  industiia 
el6ctrica,  la  Bituaci6n  finandera  que  ocupa,  etc.,  son  de  tal  natunJeza  que  el  com- 
prador de  otroe  palsee  puede  hallar  en  esta  organizad6n,  que  es  pr&cticamente  la  dnica 
de  su  g^ero  en  el  campo  el^tiico  en  los  Estados  Unidos,  un  medio  a  favor  del  cual 
pueden  hacerse  las  compras  a  fabricantee  de  eee  pais,  con  la  confianza  que  se  cautela- 
r^  debidamente  los  intereses  del  comprador,  y  que  los  artefactos  que  obtenga  sean 
del  tipo  de  calidad  estableddo  en  el  contrato  y  sus  espedficadones.  Es  de  esperar, 
por  lo  tanto,  que  esta  organizad6n  llegue  a  desempefiar  importante  papal  en  el  desen- 
volvimiento  de  las  amplias  y  satisfactorias  reladones  comerdales  que  se  conffa  pueden 
establecerse  entre  los  Estados  Unidos  y  otros  pafses  de  Pan  Arnica. 

The  Chaibman.  While  Dr.  Sharp  has  dwelt  very  largely  upon  the 
electrical  phase  of  commercial  testing,  it  is  just  as  important  in 
many  other  lines.  A  case  illustrating  the  commercial  relations  be- 
tween this  country  and  the  Latin-American  countries  occurred  within 
the  past  year  and  a  half.  One  of  the  largest  South  American  coim- 
tries  used  a  specification  for  cement  that  prohibited  the  shipment  of 
a  great  quantity  of  this  material  from  one  of  the  largest  districts  in 
the  United  States.  The  magnesia  content  of  the  cement  was  higher 
than  the  specifications  permitted.  The  Biweau  of  Standards  took  the 
matter  up  with  the  Department  of  State  and  in  a  short  time  the 
specifications  were  changed  in  this  particular  South  American  coun- 
try upon  condition  that  this  Government  would  certify  that  the 
amount  of  magnesia  did  not  materially  affect  the  cement.  The 
result  of  this  was  to  open  up  what  had  hitherto  been  a  closed  market, 
and  large  shipments  of  cement  were  soon  being  made  to  South 
America.  No  doubt  cases  of  a  similar  kind  arise  in  connection  with 
electrical  apparatus  materials  and  all  sorts  of  merchandise. 

As  Dr.  Sharp  has  said  so  well,  the  Latin  American  countries  axe 
entirely  imf amiliar  with  our  customs  and  practices,  and  the  fault  is 
largely  our  own.  The  manufacturers  of  the  United  States  have 
been  too  greatly  absorbed  in  the  market  at  home  and  have  neg- 
lected fields  presenting  splendid  opportunities  for  increasing  the 
industrial  and  commercial  activity  of  the  coimtry.  A  keen  realizi^ 
tion  of  this  neglect  on  the  part  of  our  manufacturers  has  now  arisen. 
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and  the  old  conditions  are  rapidly  changing.  The  needs  and  desires 
of  the  customer  are  being  carefully  studied  and  greater  effort  is  being 
made  to  conform  to  the  wishes  of  the  customer,  an  important  requi- 
site that  has  been  somewhat  overlooked  in  the  past.  The  next  paper 
is  from  myself,  and  I  will  ask  Dr.  Tittman,  the  alternate  chairman, 
to  take  the  chair. 

Dr.  Tittman  hereupon  took  the  chair. 

Mr.  TriTMAN.  I  want  to  say  one  word  before  Dr.  Stratton  begins. 
I  merely  want  to  call  attention  to  the  fact  that  Dr.  Sharp  referred  to 
the  National  Bureau  of  Standards  several  times  as  the  ultimate 
source  of  the  standards  that  they  require  in  certain  lines.  Then  I 
want  to  say  further  that  Dr.  Stratton  is  known  to  you,  of  course,  as 
the  Director  of  the  Bureau  of  Standards;  but  to  me  he  is  also  known 
as  the  creator  of  the  Bureau  of  Standards,  for  when  he  first  came  to 
Washington  there  was  none,  and  it  is  due  to  his  wise  foresight  and  his 
comprehensive  imderstanding  of  what  the  needs  of  the  country  would 
be,  that  we  now  have  this  great  Bureau  of  Standards,  of  which  he  is 
the  director.    I  take  pleasure  in  presenting  Dr.  Stratton. 

Mr.  Stbatton.  I  might  add  to  that  statement  of  Dr.  Tittman  by 
stating  that  when  I  came  to  Washington  I  foimd  that  the  Govern- 
ment was  doing  its  own  work  along  the  line  of  standardization  very 
t^ell  indeed.  This  work  was  in  charge  of  the  Coast  and  Geodetic 
Survey  at  that  time  and  was  necessarily  limited  to  the  needs  of  the 
Government  service,  especially  in  connection  with  the  surveys  and 
the  customs  service;  in  fact,  the  whole  system  of  weights  and  meas- 
ures grew  out  of  those  needs.  No  one  is  more  famiUar  with  the 
early  history  of  the  weights  and  measures  of  this  country  than  Dr. 
Tittman. 

Before  showing  the  sUdes  on  the  screen  illustrating  the  various 
lines  of  work  in  which  the  National  Bureau  of  Standards  is  engaged, 
a  statement  as  to  its  fimctions  and  organization  may  be  helpful  to 
those  unfamiliar  with  the  subject  of  standardization  in  the  broad 
and  modem  sense. 


WORK  OF  THE  UNITED  STATES  NATIONAL  BUREAU  OF  STANDARDS. 

By  S.  W.  STRATTON, 
Director  UnUed  States  Bureau  of  Standards^  Waehington,  D.  C. 

The  standards  with  which  the  Bureau  is  authorized  to  deal  may  be  conveiiiently 
classed  as  follows:  Standards  of  measurement,  standard  values  of  constants,  standards 
of  quality,  standards  of  mechanical  performance,  and  standards  of  practice. 

1.  Stakdabos  or  Mkasurxmbnt. 

A  standard  of  length  may  be  taken  as  an  example  of  a  standard  of  measurement. 
It  must  be  a  length  which  is  unchanging,  reproducible,  and  capable  of  being  com- 

Digitized  by  VjOOQIC 


398       PBOOEEDINGS  SECOND  PAK  AMBBIOAK  80IENTIFI0  00NGBE88. 

pared  with  the  working  standards  used  in  the  most  precise  scientific  work  or  with  those 
used  in  commerce  and  industry.  The  fundamental  standard  must  be  subdivided 
and  working  standards  prepared  of  these  parts,  and  for  the  measurement  of  greater 
lengths  standards  must  be  prepared  which  are  multiples  of  the  fundamental  standard. 
This  process  of  subdividing  and  multiplying  the  standard  involves  difficulties  as  great 
as  those  met  with  in  the  preparation  of  the  fundamental  standard  itself. 

The  construction  of  a  set  of  standard  weights  from  a  single  unit  is  also  an  illustration ; 
a  whole  set  of  standard  weights  must  be  prepared  before  the  standard  weight  of  the 
Government  can  become  available  to  the  public.  When  the  standard  of  length  or 
weight  has  been  found  with  as  many  desirable  qualities  as  possible,  and  before  the 
working  standards  of  the  subdivisions  or  multiples  can  be  prepared,  the  question  as 
to  the  method  of  comparison  arises,  which  again  involves  the  solution  of  difficult 
scientific  problems  in  connection  with  the  balance  or  the  methods  used.  These 
balances  range  from  that  capable  of  measuring  the  thousandth  part  of  a  milligram  to 
the  large  testing  machine  capable  of  measuring  a  load  of  thousands  of  tons.  The 
complete  range  must  be  covered,  which  involves  not  only  a  large  number  of  working 
standards,  all  of  which  must  agree  with  the  fundamental  standard,  but  i^paratus 
suitable  for  the  comparison  of  these  standards  with  all  of  the  lengths  or  weights  found 
in  practice. 

These  steps  and  equipment  are  absolutely  essential  in  order  to  secure  uniform 
measurements  of  length  or  weight  throughout  the  country,  and  they  have  their 
counterpart  in  every  quantity  that  has  to  be  measured,  whether  it  be  length,  wei^t, 
temperature,  heat,  lig^t,  or  the  various  electrical  measurements  or  other  standards 
of  measurement.  These  standards  in  one  form  or  another  are  involved  in  practically 
every  scientific  investigation,  industrial  process,  engineering  structure,  or  commer- 
cial transaction. 

2.  Physical  Constants. 

There  are  many  fixed  relations  between  physical  quantities,  the  values  of  which 
it  is  extremely  important  to  know.  These  values  are  usually  termed  "physical  con- 
stants," and  are  used  in  every  branch  of  scientific  work  or  industry.  The  amount 
of  heat  required  to  change  a  pound  of  water  into  steam  under  normal  conditions  and 
the  relation  between  heat  and  mechanical  energy  are  two  important  physical  constants; 
their  values  are  used  in  practically  every  computation  in  connection  with  the  design- 
ing of  steam  engines  and  boilers,  the  tests  of  their  efficiencies,  or  the  measurement  of 
their  output.  The  amount  of  heat  required  to  turn  liquid  ammonia  into  vapor  or 
the  amount  of  heat  required  to  melt  a  pound  of  ice  are  constants  equally  important 
in  the  refrigerating  industries.  The  value  of  the  relation  between  electrical  and 
mechanical  energy  is  involved  in  many  important  commercial  transactions  concerned 
in  electricity. 

Accurate  and  authoritative  values  of  these  constants  are  just  as  essential  as  in  the 
case  of  standards  of  measurement.  Many  of  these  now  in  use  are  old  and  obsolete 
and  need  redetermination  by  means  of  the  best  modem  fecilities  for  physical  measure- 
ment. Their  determination  involves  the  most  difficult  and  precise  work  in  all  branches 
of  physics  and  chemistry — a  &ct  not  generally  known  by  those  not  engaged  in  the 
scientific  or  technical  work  where  these  constants  are  used. 

3.  Standards  or  Qualttt. 

A  standard  of  quality  for  a  given  material  may  sometimes  take  the  form  of  a  sample 
of  that  material  with  which  other  materials  of  the  same  kind  can  be  compared,  but 
this  is  generaUy  a  makeshift  of  the  poorest  sort  It  is  only  resorted  to  in  the  absence 
of  definite  and  reliable  specifications  in  terms  of  measureable  properties;  that  is  to 
say,  a  standard  of  quality  of  a  material  usually  takes  the  form  of  a  specification  or 
definition  of  its  properties,  involving,  of  course,  the  measurement  of  those  propertiee 
by  means  of  the  usual  standards  of  measurement.    A  certain  kind  of  steel,  a  cement,  a 
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paint,  an  oil,  or  a  paper  or  doth  is  found  by  use  to  be  good  or  poor.  The  queetiona 
thenarise:  Why  la  it  good  or  poor?  What  are  the  physical  <ff  chemical  properties  or  the 
particular  combination  of  elements  which  make  it  of  good  or  poor  quality?  How  are 
its  properties  to  be  measured  or  its  constituents  determined?  These  are  questions 
for  the  laboratory  to  answer  and  involve  physical  and  chemical  investigations  of  the 
most  difficult  sort 

A  standard  of  quality  for  a  given  material  necessarily  takes  into  account  the  pur- 
poae  for  which  the  material  is  to  be  used;  to  set  the  standard  too  low  results  in  losses, 
poor  efficiency,  and  even  loss  of  life;  to  make  it  too  high  may  result  precisely  in  the 
same  thing;  that  is  to  say,  the  material  must  be  suitable  for  the  purpose  intended,  and 
the  Bureau's  investigations  in  connection  with  the  properties  of  materials  are  to 
enable  the  user  of  these  materials,  first,  to  select  intelligently  the  material  best  suited 
for  the  purpose;  second,  to  specify  it  in  terms  which  the  producer  can  not  mistake; 
and,  third,  to  make  the  necessary  tests  to  ascertain  whether  or  not  the  material  sup- 
plied is  in  accordance  with  the  spedficatbns. 

The  actual  testing  of  materiab  by  the  Bureau  of  Standards  to  ascertain  whether 
or  not  they  comply  with  specifications  is  confined  almost  exclusively  to  Government 
purchases,  but  in  making  these  tests  (in  which  the  Bureau  has  had  the  hearty  coopenu 
tion  of  practically  all  the  departments  of  the  Government  service)  it  is  compelled  to 
make  many  investigations  concerning  the  properties  of  materials,  their  specification, 
and  measurement.  While  this  work  is  of  great  value  in  placing  Government  purchases 
on  a  correct  business  basis,  the  results  of  the  investigations  as  to  the  properties  of 
materials  and  the  information  gained  in  testing  Government  supplies  are  even  more 
important  to  the  general  public  and  are  distributed  in  the  form  of  suitable  publica- 
tions. 

The  Bureau  does  not  compete  with  private  testing  laboratories,  but  endeavors  to 
assist  them  by  the  development  of  standard  specifications,  methods  of  measurement, 
and  other  matters  where  uniformity  is  desirable,  much  of  which  information,  as  stated 
above,  is  secured  in  connection  with  the  testing  of  materials  purchased  by  the  Govern- 
ment and  a  close  observation  of  their  use. 

The  time  is  not  far  distant  when  it  will  be  required  that  all  materials  bought  or 
sold  shall  be  as  represented,  but  it  should  be  kept  in  mind  that  this  is  impossible 
except  in  the  case  of  those  materials  where  proper  standards  of  quality  and  methods 
of  measurement  have  been  developed.  It  must  not  be  assumed  that  the  purchaser 
or  user  is  the  party  principally  benefited  in  the  development  of  such  standards;  on 
the  contrary,  the  manufacturer,  first  of  all,  is  interested  in  the  quality  of  all  things 
which  affect  the  quality  of  his  product,  and  while  the  Bureau's  efforts  in  this  field 
are  devoted  principally  to  the  pointing  out  and  measurement  of  those  properties  upon 
which  the  quality  of  the  materials  depends,  it  is  to  be  regretted  that  its  force  and 
equipment  are  insufficient  to  render  more  assistance  to  manufacturers  with  a  view 
to  a  direct  improvement  of  those  parts  of  the  process  upon  which  the  quality  of  the 
output  depends. 

4.  STANBAnDB  OF  PSBFORMANCB. 

The  value  of  an  instrument,  device,  or  machine  almost  always  depends  upon  the 
efficiency  of  its  peifcvmance.  In  such  cases  it  is  necessary  to  state  the  performance 
desired  or  guaranteed  in  terms  which  are  correct  and  susceptible  of  measurement. 
As  in  the  case  of  standards  of  quality,  the  standard  involved  is  more  often  in  the  form 
of  a  spedficatbn,  but  specifications  are  useless  unless  based  upon  correct  scientific 
and  mechanical  principles  and  supplemented  with  a  statement  of  the  method  to  be 
used  in  ascertaioing  whether  or  not  the  specifications  or  guaranties  have  been  complied 
with. 

The  performance  of  an  engine  or  bailer,  a  pump,  an  electrical  generator  or  motor, 
a  weic^iing  device,  or  a  telescope  can  usually  be  measured,  but  the  quantities  to  be 
measured  and  the  method  used  must  be  specified  correctly  and  understood  by  all 
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the  parties  concerned  in  the  construction^  purchase,  or  use  of  such  api)aiatu8.  To  do 
this  properly  involves  the  use  of  standards  of  measurements,  standard  values  of  con- 
stants, and  standards  of  quality.  The  Bureau  of  Standards  does  not  attempt  to  cover 
this  field  completely,  but  only  those  cases  where  there  is  a  lack  of  definite  informatioix 
upon  which  to  base  specifications  and  only  to  the  more  important  classes  of  apparatus. 
To  seciu*e  this  information  involves  investigations  quite  as  scientific  in  character 
and  as  difficult  as  in  the  case  of  other  standards,  as  well  as  a  knowledge  of  technical 
and  manu&cturing  processes. 

The  bureau's  activities  in  this  field  have  only  been  developed  to  a  slight  extent 
and  almost  entirely  in  connection  with  Government  purchases.  It  has  had  in  this,  as 
well  as  in  the  field  of  the  properties  of  materials,  the  most  hearty  cooperation  of  the 
various  Government  experts,  manufecturers,  engineers,  and  technical  societies. 

5.  Standabdb  of  Practicb. 

Standards  of  practice  are  generally  involved  in  the  enactment  of  laws  when  tech- 
nical and  scientific  matters  are  concerned,  in  the  ordinances  relating  to  the  regulation 
of  public  utilities,  and  in  the  establishment  of  building  and  safety  codes.  Like  stand- 
ards of  performance,  they  are  dependent  upon  standards  of  measurement  and  standards 
of  quality  and  are  of  the  most  vital  importance  in  questions  pertaining  to  the  welfare 
and  safety  of  the  public.  In  a  field  so  broad  the  biureau  can  touch  only  upon  the 
more  important  aspects  of  the  work,  where  national  uniformity  is  desired — ^fields 
which  can  not  be  covered  efficiently  in  private  laboratories. 

6.  Rblation  or  thb  Burbau's  Wobk  to  thb  Pubuc. 

It  is  perfectly  obvious,  even  to  one  unfamiliar  with  the  subject,  that  the  mainte- 
nance on  the  part  of  the  Government  of  correct  standards  of  measurement  or  quality 
or  performance  calls  for  continuous  scientific  and  technical  investigations  of  the 
highest  grade,  involving  the  most  competent  expert  services  and  the  best  scientific 
equipment.  When  this  is  accomplished,  there  still  remains  the  serious  problem  of 
making  the  results  available  and  useful  to  the  public. 

The  biireau  compares  with  its  own  standards  of  measurement  the  standards  or 
measuring  instnmients  of  States,  cities,  scientific  laboratories,  educational  institu- 
tions, manufacturers.  Government  bureaus,  or  the  public,  for  which  a  nominal  fee 
is  charged,  except  in  the  case  of  the  National  and  State  Government  institutions.  It 
gives  advice  concerning  these  standards  or  their  use,  whether  it  be  in  connection 
with  the  enactment  of  laws,  regulations,  or  ordinances  concerning  the  weights  and 
measures  of  everyday  trade  or  in  connection  with  precision  standards  used  in  scien- 
tific work  and  the  industries.  It  gives  advice  upon  request  to  State  and  city  officials, 
public-service  commissions,  and  public-utility  corporations  regarding  the  standards 
of  measurement,  or  quality,  or  performance  involved  in  legislation  or  regulation  per- 
taining to  the  public  utilities.  Many  questions  of  disagreement  between  the  public 
and  utility  companies  as  to  these  matters  are  referred  to  the  bureau  for  advice  or 
adjustment,  often  avoiding  imfair  or  inconsistent  regulations,  as  well  as  long-drawn- 
out  and  expensive  litigation.  There  is  a  great  need  on  the  part  of  the  public  for  un- 
biased and  reliable  information  pertaining  to  the  standards  entering  into  the  regula- 
tion and  sale  of  the  services  of  public  utilities.  As  far  as  possible  such  information  is 
given  in  the  form  of  publications  upon  definite  subjects. 

It  must  not  be  inferred  from  the  above  that  the  bureau's  activities  are  devoted 
principally  to  the  interests  of  the  us^  or  consumer.  The  fundamental  facts  regarding 
standards  of  measurement,  quality,  or  perfcmnance  are  the  very  things  which  most 
deeply  concern  manufacturers;  they  are  fundamentally  concerned,  either  directly 
or  indirectly,  with  the  improvement  of  methods  of  production  or  the  quality  of  the 
output.  It  may  be  said  that  the  bureau  occupies  somewhat  the  same  position  with 
respect  to  the  manufacturing  interests  of  this  country  that  the  bureaus  of  the  Depart* 
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ment  of  Agriculture  do  to  the  agricultund  interests.  Many  industries  are  just  begin* 
ning  to  realisse  the  importance  of  precise  methods  of  measurement  and  scientific 
investigation,  which,  in  practically  every  case,  involve  some  kind  of  measurement. 

It  ia  upon  quality  as  well  as  upon  price  that  competition  must  finally  depend; 
whether  in  domestic  or  foreign  commerce.  The  use  of  exact  methods  and  scientific 
results  is  the  greatest  foctor  in  the  improvement  of  quality,  efficiency,  or  the  develojH 
ment  of  new  industries.  The  educational  value  of  the  bureau's  work  in  this  respect 
is  ahnost  entirely  unknown  to  the  general  public,. and  yet  the  bureau  receives  hun^ 
dreds  of  letters,  as  well  as  many  personal  visits  from  manufacturers,  seeking  informa- 
tion as  to  standards  of  measurement,  how  to  use  them,  how  to  measure  the  properties 
of  materials,  or  as  to  the  fundamental  physical  and  chemical  pridplee  invdved;  also, 
what  is  of  even  greater  importance,  how  to  initiate  and  carry  out  scientific  investiga- 
tions and  tests  on  their  own  account  in  their  particular  fields  of  w<nrk. 

Hie  importance  of  maintaining  scientific  institutions  having  to  do  with  standard- 
ization and  the  application  of  precise  measurements  to  the  industries  has  been  recog- 
nized by  all  the  leading  countries  of  the  world.  Great  Britain  maintains  the  Stand- 
ards Department  of  the  Board  of  Trade,  which  is  in  charge  of  the  standards  and  inspec- 
tion service  of  the  trade  weights  and  measures;  also  the  National  Physical  Laboiatory, 
whose  functions  include  matters  pertaining  to  scientific  and  tedinical  standards^ 
physical  constants,  and  to  some  extent  the  properties  of  materials.  The  Laboratoire 
d'Essais,  of  France,  while  not  as  extensive  as  the  English  institution,  is  charged  with 
MTn-ilftr  duties.  (Germany  n^^^^^^^'f  three  such  institutions — ^the  N(vmal-Eichungs 
Kommiasion,  equipped  with  the  buildings,  personnel,  and  apparatus  necessary  in 
etandardiring  and  controlling  the  weights  and  measures  of  trade;  the  Physikalisch- 
Technische.Reichsanstalt,  covering  testing  and  investigations  in  connection  with  sci- 
entific and  technical  standards  other  than  weights  and  measures;  and  the  Prussian 
Government  maintains  the  Materialprdfungsamt,  a  large  institution  devoted  to  the 
investigating  and  testing  of  structural,  engineering,  and  other  materials. 

It  is  generally  recognized  that  theee  institutions  have  been  exceedingly  important 
factors  in  the  industrial  progress  of  these  countries. 

7.  Relation  or  the  Bttbeau's  Work  to  the  Government  Service. 

The  biu*eaus  of  the  Government  engaged  in  scientific  and  technical  work  are  neces- 
sarily dependent  upon  standards  of  measurement  of  every  variety.  In  addition, 
many  of  them  are  engaged  in  the  design,  construction,  and  specification  of  a  great 
variety  of  special  apparatus,  in  which  the  principles  of  mechanics,  heat,  optics,  elec- 
tricity, and  chemistry  are  involved  and  are  vital  to  their  efficiency  and  successful 
operation.  In  such  matters  the  bureau  has  been  consulted  most  freely  by  the  War 
and  Navy  Departments,  the  Post  Office  Department,  the  Department  of  Agriculture, 
the  Public  Health  Service,  and  others. 

The  engineering  and  building  construction  in  progress  at  all  times  by  the  Govern- 
ment  is  exceedingly  great,  both  in  variety  and  magnitude;  in  all  of  it  a  knowledge 
of  the  materials  employed  is  of  fundamental  importance  from  the  standpoints  of 
economy,  efficiency,  and  safety.  The  work  of  testing  and  investigating  the  properties 
of  structural  materials  was  taken  up  and  is  carried  on  primarily  for  the  purpose  of 
securing  the  information  needed  by  the  Government  service  in  its  structural  work. 
This  information  is  necessary  to  the  public  in  construction  work,  and  every  effort 
is  made  by  the  bureau  to  make  its  findings  in  a  form  available  to  the  public  generally. 
The  demands  for  information  of  this  sort  have  come  from  practically  all  Government 
bureaus  and  establishments,  but  especially  so  in  connection  with  the  structural  work 
carried  on  by  the  Office  of  the  Supervising  Architect,  the  engineering  branches  of 
the  Army,  the  Bureau  of  Construction  and  Repair  of  the  Navy,  the  Panama  Canal, 
and  the  Reclamation  Service. 


Digitized  by  VjOOQIC 


402       PBOOEEDINQS  SECOND  PAN  AMERICAN  8CIENTIFI0  C0N0BES8. 

The  Bureati  of  Standards  serves  as  a  testing  btireau  for  the  Yarions  departments  of 
the  Oovemment  when  called  upon,  and  as  snch  is  assisting  to  place  Oovemment 
purchases  upon  an  econ<Hnical  and  hnsinesslike  basis.  The  example  of  the  Oovem- 
ment in  snch  matters  has  a  far  greater  influence  upon  the  public  than  is  generally 
supposed.  The  Oovemment  can  do  no  greater  service  to  the  country  than  to  plac^ 
its  own  piurchases  upon  a  basis  which  may  be  taken  as  a  standard  by  the  public  at 
large.  This  work  involves  the  specification  of  a  wide  range  of  structiual  and  miscel* 
laneous  materials  and  their  testing,  when  delivered,  to  ascertain  whether  or  not 
they  comply  with  the  specifications.  This  is  eiq^ecially  important,  since  such  materi- 
als are  ptirchased  by  means  of  competitive  bids,  a  method  resulting  in  much  tend 
and  injustice  unless  suitable  standards  are  established  and  successful  bidders  held 
absolutely  to  this  standard  in  making  deliveries.  Furthermore,  most  purchasing 
officers  are  realizing  the  great  importance  of  having  such  testing  done  by  a  disintel^ 
ested  institution  equipped  with  the  scientific  and  other  fodlities  for  performing  the 
service  in  a  manner  that  is  fair  to  both  parties  concemed  in  the  piurchases. 

Among  the  many  Oovemment  bureaus  and  establishments  which  have  utilized 
the  Bureau  of  Standards  as  a  testing  institution  in  connection  with  the  pmrchase  of 
supplies  may  be  mentioned  the  Oovemment  Printing  Office,  in  connection  with 
the  purchase  of  paper,  inks,  and  printing  supplies;  and  the  Post  Office  Department, 
in  connection  with  the  purchase  of  paper,  twiae,  textiles,  etc.  A  wide  range  of  materi- 
als has  been  tested  for  the  Quartermaster's  Department  of  the  Army,  the  Paymaster's 
Department  of  the  Navy,  and  the  Panama  Canal.  The  Oeneral  Supply  Committee 
has  called  upon  the  bureau  for  assistance  in  the  specification  of  all  sorts  of  supplies 
and  equipment,  as  well  as  the  testing  of  samples  submitted  by  biddon  of  the  supplies 
bid  upon.  Practically  every  branch  of  the  €U)vemment  service,  including  the  Dis- 
trict of  Columbia,  utilizes  the  Bureau  of  Standards  as  a  testing  bureau.  Here  again, 
as  in  other  fields  of  the  bureau's  activities,  it  gains  much  useful  knowledge  which 
is  given  to  the  public  in  the  form  of  suitable  publications. 

Many  bureaus  of  the  €U)vemment  service  are  charged  with  the  administration  of 
laws  and  the  establishment  of  regulations  in  which  scientific  data  are  vital.  This 
is  tme  to  a  much  greater  extent  than  is  generally  supposed.  The  Bureau  of  Stand- 
ards has  cooperated  freely  with  such  branches  of  the  Gk)vemment  and  the  service 
rendered  has  involved  every  department  of  physics  and  chemistry  covered  by  the 
bureau's  activities.  The  neglect  of  such  matters  in  the  past  has  been  a  frequent 
source  of  misunderstanding  and  litigation  between  the  Oovemment  service  and  the 
public.  Conspicuous  examples  of  bureaus  to  which  such  assistance  has  been  given 
are  the  Customs  and  Internal  Revenue  Services;  the  Steamboat-Inspection  and  Coast 
Ouard  Services,  in  the  promulgation  of  safety  regulations;  and  the  Bureau  of  Navi- 
gation of  the  Department  of  Commerce,  in  the  administration  of  laws  regulating 
tiie  use  and  inspection  of  radiotelegraphy. 

8.  Organization. 

The  organization  of  the  bureau's  scientific  and  technical  staff  is  based  upon  the 
nature  of  the  expert  service  involved  rather  than  upon  the  classes  of  standards.  For 
example,  the  division  of  weights  and  measures  has  to  do  with  all  matters  pertaining 
to  standards  of  length,  mass  (weight,  as  it  is  commonly  termed),  time,  density,  and 
similar  questions,  whether  they  arise  in  connection  with  the  precision  standards 
used  in  scientific  investigation,  the  master  standards  of  manufacturers,  or  the  ordi- 
nary weights  and  measures  of  trade.  A  standard  of  quality  or  performance  where 
any  of  the  above  measurements  form  the  fundamental  and  most  important  UlcUx 
would  be  referred  to  this  division. 

The  division  of  heat  and  thermometry  has  to  do  with  heat  standards,  the  testing 
of  heat-measuring  apparatus,  the  determioation  of  heat  constants,  of  which  there  are 
many,  and  all  investigations  pertaining  to  quality  or  performance  where  heat  meas- 
urement is  the  essential  and  predominating  factor. 
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Similarly,  the  electrical  division  js  concerned  with  all  the  electrical  problems 
that  may  be  taken  up  at  the  bureau,  whether  in  connection  with  the  various  electrical 
standards  of  measurement,  electrical  constants,  the  electrical  i«operties  of  materials, 
or  the  performance  of  electrical  equipment. 

Questions  in  optics  enter  into  standards  of  all  kinds  to  a  greater  extent  than  has 
been  supposed;  hence,  there  is  an  optical  division  provided,  with  experts  in  spectio- 
BCopy>  polarimetry  (used  in  sugar  analysis),  color  measurement,  the  principles  of 
optical  instruments,  and  the  measurement  of  the  optical  properties  of  materials. 

Practically  all  investigations  concerning  the  various  classes  of  standards  involve 
chemistry  in  one  form  or  another.  There  are  also  many  chemical  standards  and 
questions  which  arise  in  connection  with  chemical  work  generally,  especially  in  the 
industries;  hence,  there  is  a  chemical  division,  cooperating  with  every  other  division 
of  the  Bureau,  as  well  as  taking  care  of  the  questions  of  a  purely  chemical  nature 
that  come  to  the  Bureau  and  which  fall  within  its  functions. 

In  the  case  of  the  more  important  technical  fields,  divisions  have  been  fcHined  deal- 
ing more  spedfically  with  large  and  important  classes  of  materials,  but  many  of  the 
purely  scientific  questions  involved  woidd  be  handled  by  one  of  the  above-mentioned 
scientific  divisions  or  jointly  with  it.  The  work  of  the  technical  divisions  is  just  as 
scientific  in  character,  but  deals  more  specifically  with  manufactured  products. 

The  work  of  the  structural  engineering  and  miscellaneous  materials  division 
includes  the  investigation,  testing,  and  preparation  of  specifications  for  these  materials, 
such  as  the  metals  and  their  alloys,  stone,  cement,  concrete,  lime,  the  clay  products, 
paintSjOils,  paper,  textiles,  rubber,  and  other  miscellaneous  materials. 

The  division  of  engineering  research  makes  investigations  and  tests  regarding  the 
performance  and  efficiency  of  such  instruments,  devices,  or  machinery  as  the  Bureau 
may  take  up  that  do  not  fall  directly  imder  one  of  the  scientific  divisions.  The  divi- 
sion is  a  small  one  and  its  work  is  devoted  almost  exclusively  to  assistance  given  other 
departments  of  the  Government  and  the  General  Supply  Committee  in  designing, 
specifying,  or  testing  equipment.  It  should  in  time  form  one  of  the  more  importamt 
branches  of  the  Bureau's  work. 

The  questions  pertainiog  to  the  manufacture,  specifications,  testing,  and  use  of 
the  metals  and  their  alloys  have  become  so  important  that  a  division  known  as  the 
'metallurgical  division  has  been  formed  of  the  experts  engaged  in  these  problems. 

The  employees  engaged  in  clerical  work,  purchasing,  files,  records,  accounting,  and 
library  are  known  as  the  office  division,  while  those  employed  in  the  operation  of  the 
mechanical  plant,  the  various  shops,  and  the  care  of  the  buildings  and  grounds  form 
the  engineering  and  construction  division. 

9.  Location. 

r  The  laboratories  of  the  Bureau  of  Standards  are  located  in  the  northwest  section  of 
Washington,  on  Pierce  Mill  Road,  near  Connecticut  Avenue,  and  are  reached  by  the 
Chevy  Chase  car  line.  They  were  located  outside  of  the  business  center  of  Washington 
in  order  to  insure  freedom  from  mechanical,  electrical,  and  other  disturbances  com- 
mon to  the  business  and  more  thickly  populated  sections  of  the  city.  Furthermore, 
the  area  of  ground  necessary  precluded  a  site  near  the  city.  It  has  been  found  by 
experience  that  the  efficiency  of  the  employees,  especially  those  engaged  in  testing 
and  scientific  investigation,  has  been  greatly  increased  by  the  location  of  the  labora- 
tories in  a  section  free  from  the  ordinary  disturbances  of  city  life. 

10.  PUBUOAHONS. 

The  bureau  issues  three  series  of  publications — (1)  Scientific  Papers,  containing  the 
results  of  scientific  investigations;  (2)  Technologii^  Papers,  covering  investigations 
of  subjects  of  especial  importance  to  the  industries;  (3)  Circulars  of  Information, 
dealing  with  specific  subjects  about  which  the  bureau  is  <»lled  upon  to  issue  inf orma- 
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tion  from  time  to  time.  Each  circular  is  canfined  to  a  definite  sabject  and  is  revised 
from  time  to  time  in  accordance  with  the  advance  of  knowledge  in  that  particular 
fidd.    These  pablicationa  are  sent  to  individitals  upon  request. 

Dr.  Stratton  hereupon  resumed  the  chair. 

The  Chairman.  Is  there  any  discussion  of  the  two  papers ?  I  am 
sure  that  Dr.  Sharp  will  be  glad  to  enter  into  any  discussion  that 
may  be  necessary  or  desired. 

Mr.  Deutsch.  Mr.  Chairman,  I  was  particularly  interested  in  hear- 
ing you  speak  about  terra  cotta  and  the  difficulties  they  are  having 
in  New  York.  In  the  last  two  years  a  piece  of  terra  cotta  has  fallen 
from  the  roof  of  the  Metropolitan  Opera  House,  and  another  piece 
from  the  old  Western  Union  Building.  Here  and  there  throughout 
the  city  we  find  that  terra  cotta  coverings  on  the  outside  of  buildings 
have  been  broken  oflf  and  fallen  from  these  buildings.  We  all  know 
that  the  Woolworth  Building  front  is  entirely  terra  cotta.  I  know 
that  this  matter  has  come  before  the  Bureau  of  Buildings  in  New 
York,  where  the  building  code  has  been  revised  in  the  last  year.  I 
would  like  to  know,  sir,  whether  anything  has  been  done  in  your 
department  in  order  to  give  us  the  information  so  that  the  engineers 
and  architects  can  feel  more  assured  that  that  material,  when  placed 
in  the  fronts  of  buildings,  will  be  absolutely  as  permanent  as  any 
other  part  of  the  building.  There  has  been  a  great  deal  of  differ- 
ence of  opinion  on  this  question,  and  the  result  of  that  opinion 
rather  tends  to  retard  its  use.  Perhaps  you  can  enUghten  us  as 
to  whether  the  use  of  terra  cotta  on  the  front  of  a  building  may  be 
considered  as  safe  and  permanent. 

There  is  another  question  that  came  up  just  a  few  days  ago  in  a 
case  in  the  Supreme  Court  where  the  contractor's  final  payment 
was  withheld,  because  the  architect  specified  the  use  of  terra  cotta 
in  a  flue  for  a  very  large  factory  in  New  York  Qty.  He  thought 
that  the  flue,  if  made  of  terra  cotta  and  with  a  special  joint  cemented, 
would  be  amply  sufficient  to  protect  his  steam  vapor  from  the  kettles 
where  candy  was  being  manufactured.  After  a  few  months  of  use, 
however,  these  flues,  about  11  inches  in  diameter  and  about  100 
feet  high  biuied  in  the  main  wall  of  the  building,  cracked  and  leaks 
came  through  on  the  inside  of  the  building.  This  resulted  in  the 
holding  up  of  the  plans  in  order  to  make  another  change. 

The  Chairman.  I  will  not  attempt  to  go  into  detail  concerning  the 
matter  any  more  than  to  state  that  these  difficulties  can  usually  be 
traced  to  some  failure  to  observe  the  ordinary  laws  of  physics,  and 
especially  the  question  of  expansion.  It  is  indeed  remarkable  how 
some  materials  endure  when  the  manner  in  which  they  are  used  is 
considered.  It  is  one  of  the  functions  of  the  Bureau  of  Standards  to 
investigate  the  particular  laws  of  physics  underlying  the  efficient  use 
of  materials.    In  some  instances,  failure  is  due  to  a  disn^ard  of  the 
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ability  of  a  given  material  to  withstand  changes  in  temperature,  that 
is  to  say,  the  str^gth  of  a  material  changes  with  a  change  in  tem- 
perature. Engineers  and  builders,  and  especially  manufacturers,  are 
manifesting  a  keen  desire  to  deal  with  these  matters  scientifically  and 
the  Bureau  of  Standards  is  cooperating  with  them  to  the  fullest  ex- 
tent possible. 

Mr.  Ejlbapetoff.  Mr.  Chairman,  I  would  like  to  know  if  the 
Bureau  of  Standards  encourages  in  any  way,  the  use  of  the  metric 
system.  We  hear  so  much  about  the  non-use  of  the  metric  system 
being  an  obstacle  to  our  trade  relations  with  South  America.  Those 
who  have  attended  the  sessions  of  the  engineering  section  of  this 
congress  have  had  ample  opportunity  to  see  how  awkward  it  was  for 
our  Central  and  South  American  visitors  to  follow  our  units,  and 
on  the  other  hand,  I  noticed  it  was  rather  difficult  for  us  to  follow 
them.  As  we  are  now  bound  to  remove  all  the  obstacles  we  can  in 
order  to  reach  as  close  an  imderstanding  as  possible  it  seems  to  me 
it  would  be  proper  to  encourage  the  use  of  the  metric  system  in  this 
country.  I  would  like  to  know  what  the  Bureau  of  Standards  is 
doing  in  this  respect  and  what  it  is  possible  for  it  to  do. 

The  Chaibmak.  Many  people  think  the  bureau  is  doing  more  than 
it  ought  in  that  respect,  and  others  think  it  is  not  doing  enough. 
Anything  we  start  in  the  way  of  education  is  discoimted  by  the 
opponents  of  the  system  who  say,  *'That  is  only  another  attempt  of 
some  Government  bureau  to  make  itself  important  and  to  dictate  to 
the  people  what  they  ought  to  do." 

Gentlemen,  there  are  resolutions  that  should  be  considered  by  this 
section,  two  of  which  I  wish  to  direct  your  attention  at  this  time.  One 
is  on  the  question  of  adopting  the  metric  system,  and  the  other  in  re- 
gard to  the  establishment  of  a  Pan  American  committee  for  the 
object  of  unifying  standards  in  the  various  countries,  especially  the 
standards  in  relation  to  materials,  specifications,  etc.  Later  I  will 
bring  up  and  surest  the  appointment  of  a  committee  to  prepare 
these  resolutions  if  it  meets  with  your  approval. 

Are  there  any  further  questions  ?  If  not,  I  will  make  that  sugges- 
tion now.  It  seems  to  me  that  the  last  speaker  touched  upon  a  very 
important  subject.  Recently  the  United  States  section  of  the  Inter- 
national High  Commission,  I  think  it  was,  through  the  Secretary  of 
the  Titeasury,  asked  the  Bureau  of  Standards  to  make  a  report  upon 
the  relation  of  the  metric  system  to  our  foreign  trade.  I  asked  Mr. 
Hubbard,  our  secretary,  to  go  to  New  York  and  confer  with  a  large 
number  of  busmess  men  and  engineers  regarding  this  subject.  I  was 
astonished  to  find  the  sentiment  in  favor  of  it.  This  report  was  made 
to  the  Secretary  of  the  Treasury,  and  I  think  he  decided  to  print  it. 

But,  apropos  of  your  question,  under  our  form  of  Government 
things  originate  from  the  outside.    A  few  years  ago,  when  the  metric 
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system  was  proposed,  by  far  a  large  majority  of  the  Members  of 
Congress  would  have  favored  it  if  it  were  merely  a  personal  matter. 
When  the  Member  of  Congress,  however,  finds  letters  from  his  con- 
stituents saying  millions  of  dollars  will  be  lost  if  it  is  adopted,  he 
thinks  a  second  time  and  says  to  himself,  '^Perhaps  we  had  better 
go  slow  on  that."  He  is  there  for  the  purpose  of  representing  the 
people  and  judges  by  the  letters  he  has  received.  That  taught  us  a 
lesson.  Since  then  we  have  been  doing  all  \^e  could  to  educate  the 
people  in  the  use  of  the  metric  system.  The  Bureau  issued  a  circular 
describing  the  system;  a  set  of  conversion  tables,  including  all  the 
tables  we  thought  would  be  useful  to  business  men  or  engineers.  It 
issues  a  chart  showing  a  comparison  between  the  two  systems,  and  I 
think  it  is  one  metric  publication  that  the  antimetric  people  have 
never  objected  to>  because  there  are  the  two  systems  side  by  side. 
It  was  gotten  out  for  the  purpose  of  showing  the  absolute  truth  of 
the  one  as  compared  to  the  other;  and  yet  they  can  not  say  a  word 
about  it.  There  is  a  greater  demand  on  the  part  of  Congressmen 
for  that  chart  than  for  any  other  publication  the  Bureau  gets  out. 
They  have  seen  that  it  is  a  good  thing  to  have  one  of  those  in  every 
school,  and  we  have  never  been  able  to  supply  the  demand  for  those 
charts.    We  issued  some  30,000  and  wish  we  could  issue  100,000. 

Again,  foreign  trade  and  the  reporting  of  all  the  conditions  abroad, 
international  athletics,  and  many  other  things,  have  contributed  to 
make  the  public  familiar  with  tiie  metric  system.  We  are  getting 
inquiries  every  day  as  to  why  we  do  not  adopt  the  metric  system. 
The  thing  to  do  is  for  the  public  of  this  country  to  say,  '*We  want 
the  metric  system,"  and  inform  their  Members  of  Congress. 

I  believe  that  this  particular  Congress  could  do  nothing  better 
than  to  pass  a  resolution  looking  toward  the  adoption  of  the  metric 
system.  I  believe  the  South  American  countries  ought  to  come  out 
and  assert  themselves  and  say  that  they  desire  to  adopt  the  metric 
system.  It  is  a  reflection  upon  them  to  undertake  to  ship  goods  in 
the  common  system  and  give  them  units  of  weight  and  measures 
that  they  do  not  need.  I  have  known  a  few  manufacturers  in  this 
country  to  go  so  far  as  to  try  to  discourage  talk  of  the  adoption  of 
the  metric  system. 

I  think  it  would  be  an  excellent  thing  for  this  section  to  pass  a 
resolution  or  to  present  to  the  General  Congress — ^I  understand  all 
resolutions  must  be  presented  there — two  resolutions,  one  in  reference 
to  the  metric  system  and  the  other  in  reference  to  the  creation  of  a 
permanent  Pan  American  committee  having  to  do  with  all  of  these 
questions  of  standards.  The  latter  w  ould  have  a  very  great  influence 
in  making  such  bureaus  as  Dr.  Sharp's  and  the  Bureau  of  Standards 
available  to  manufacturers  and  available  to  the  Latin  American  coun- 
tries.   We  have  had  visitors  from  those  countries  looking  forward  to 
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the  establishment  of  such  an  institution.  The  A)^entine  ambassador 
spent  a  day  at  the  Bureau  recently  looking  into  the  whole  question. 
They  are  becoming  much  interested  in  specifications  and  standards. 
Let  us  help  them  all  we  can  and  also  get  all  the  assistance  from  them 
that  we  can  by  the  formation  of  this  cooperative  committee. 

I  ^ill  leave  that  matter  entirely  in  your  hands.  If  it  is  your 
desire  to  have  these  committees,  I  will  appoint  them. 

Mr.  MoBBis.  Mr.  Chairman,  I  move  the  resolutions  suggested  be 
drafted  by  a  committee  of  three,  to  be  appointed  by  the  chair. 

The  motion  was  seconded. 

Mr.  HiLLEB.  Mr.  Chairman,  the  war  has  brought  this  question 
of  the  metric  system  to  us  and  probably  to  the  manufacturer  a  great 
deal  closer  than  anything  else  has  brought  it  for  some  years.  The 
manufacturer  to-day  has  to  deal  in  meters,  in  kilograms,  and  in 
calories,  and  he  finds  it  is  not  nearly  as  difficidt  as  he  thought  it  was 
going  to  be.  The  two  seem  to  work  together  harmoniously.  When 
we  speak  of  a  machine  tool  as  having  a  12-inch  swing  or  600 
millimeters,  the  two  come  very  closely  together,  and  there  is  no 
difficulty.  We  can  understand  it  very  easily  after  very  little  thought. 
Probably  two  or  three  weeks  will  make  most  of  us  think  in  both 
unite  without  much  difficulty.  Ten  years  ago  I  was  not  at  all 
keen  for  the  metric  system.    I  feel  quite  different  about  it  to-day. 

The  Chatbman.  The  last  speaker  called  to  mind  a  thing  that 
occurred  when  this  was  being  discussed  in  the  Congressional  Com- 
mittee on  Coinage,  Weights,  and  Measures,  10  or  12  years  ago,  at 
the  time  this  matter  was  before  Congress.  I  made  the  statement 
then  that  it  would  be  not  a  difficult  thing  for  manufacturers  to  give 
measming  tools  to  their  workmen  in  one  system  just  as  well  as  in 
the  other.  They  smiled  and  said  it  was  purely  an  academic  state- 
ment of  a  scientific  professor;  he  thought  it  was  all  right,  but  there 
was  nothing  to  it.  A  few  days  ago,  the  representative  of  the  Bald- 
win Locomotive  Works  came  to  my  office  and  happened  to  mention 
an  order  they  had  received  for  locomotives  a  year  or  two  ago.  In 
fact,  I  was  asking  about  his  foreign  trade.  He  said  they  had  recently 
filled  an  order  for  100  French  locomotives  in  some  French  Province. 
I  asked:  ''How  far  did  those  people  allow  the  manufacturing  com- 
pany to  design  those  locomotives  V  I  was  not  thinking  of  the  metric 
system  at  all.  I  was  trying  to  get  at  the  question  whether  or  not 
they  simply  specified  the  power  or  sent  their  own  specifications, 
whether  they  adopted  our  style  of  locomotives  or  insisted  upon  their 
own  style.  He  said,  ''Oh,  they  specified  everything,  even  to  the 
width  of  the  fire  shovel,  which  was  to  be  so  many  millimeters."  I 
inquired  how  he  handled  that,  and  he  said,  "We  thought  we  would 
change  the  drawings  when  they  first  came,  but  we  f  oimd  it  would  be 
too  much  trouble,  and  so  we  gave  the  workmen  the  tools  and  measure- 
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ments.  They  had  no  trouble^  and  would  just  as  soon  work  in  one 
system  as  the  other,  and  there  was  no  trouble  at  all  about  it."  I 
said:  "That  is  exactly  what  I  said  you  could  do,  but  you  said  it  was 
academic  a  few  years  ago. " 

Only  last  week  I  was  in  the  office  of  the  president  of  the  American 
Locomotive  Works,  the  other  large  locomotive  factory,  and  he  showed 
me  there  a  shop  card  which  has  a  picture  of  a  locomotive  of  the  type 
they  are  going  to  build  on  the  one  side  of  the  card,  and  on  the  oUier 
side  the  general  dimensions.  He  showed  me  one  of  those  locomotives, 
and  in  two  different  cases  where  those  dimensions  were  on  the  other 
side  they  were  entirely  in  the  metric  system.  I  went  into  details 
very  closely,  and  he  said  the  only  difficulty  was  that  of  getting 
materials;  that  they  w^:^  allowed  a  good  deal  of  latitude  but  that 
there  is  a  difficulty  and  always  will  be  a  difficulty  in  the  change.  We 
might  as  well  admit  that.  But  so  far  as  the  making  of  things  is 
concerned,  the  workmen  can  do  it  with  one  system  just  as  well  as  the 
other. 

A  Delegate.  Would  it  not  be  a  good  thing,  Mr.  Chairman,  to 
incorporate  in  any  action  this  committee  might  take,  a  very  definite 
request  for  cooperation  by  the  technical  publishers  of  the  country? 
It  occurs  to  me,  in  the  process  of  educating  our  people  in  the  metric 
system,  it  will  be  a  very  small  matter  to  give  the  dimensions  in  hoih 
units,  and  in  that  way  help  along  the  good  cause.  I  am  sure  the 
technical  publishers  would  be  willing  to  cooperate  to  a  considerable 
extent  at  least  in  this  matter,  and  we  would  be  learning  and  becoming 
accustomed  to  the  metric  system  along  with  our  everyday  work.  I 
believe  if  a  very  direct  request  were  made  on  our  leading  publishers 
it  would  be  given  very  great  attention.  I  wish  that  m%ht  be  done  so 
it  would  go  from  this  congress  with  some  very  good  authority  for 
asking  for  something  of  that  kind. 

The  Chairman.  Would  you  make  this  a  separate  resolution,  or 
combine  it  with  one  of  the  other  two  1 

A  Delegate.  It  would  be  very  much  better  to  attach  it  to  the 
general  resolution. 

Mr.  Karapetoff.  It  is  perfectly  agreeable  to  me,  Mr.  Chairman, 
as  the  mover,  to  incorporate  this  suggestion  in  the  (»iginal  motion. 

Some  years  ago  the  board  of  managers  of  the  American  Institute  of 
Electrical  Ehigineers  passed  a  resolution  to  the  effect  that  any 
dimensions  given  in  the  proceedings  in  the  English  system  must 
also  be  accompanied  by  the  corresponding  value  in  the  metric  system, 
and  if  you  open  any  number  of  institute  publications  you  will  find 
the  rule  followed  in  that  way.  I  think  we  ought  to  follow  the  di&me 
idea  in  the  transactions  of  this  congress. 

The  Chairman.  Are  there  any  further  remarks  1  If  not,  the  Chair 
will  appoint  the  committee  and  the  committee  can  decide  as  to  whether 
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these  resolutions  shall  be  combmed  into  two  or  three  separate  resolu- 
tions, one  regarding  the  metric  system,  one  regarding  the  establish- 
ment of  a  committee;  and  the  other  regarding  the  technical  Uterature 
and  the  use  of  the  metric  system.  Personally,  I  think  it  would  be 
well  to  keep  the  three  resolutions  separate. 

The  i>ending  motion  was  carried. 

The  Chaibhan.  The  Chair  will  appoint  Dr.  Tittman,  Dr.  Sharp, 
and  Mr.  Earapetoff  as  the  members  of  this  committee. 

Mr.  TrrniAN.  I  think  the  matter  ought  to  be  pushed;  I  quite  agree 
with  that.  It  seems  to  me  very  desirable  that  the  matter  should 
come  largely  from  our  Latin  American  colleagues.  They  have  the 
metric  system  and  they  have  the  right  to  demand  what  they  want. 
Of  course,  as  a  purely  scientific  proposition,  the  enemies  of  the  prop- 
osition would  say  the  scientific  men  have  it,  but  you  are  taking  up 
the  commercial  dde  of  it  now. 

The  Chafrman.  It  is  an  applied  science,  and  that  is  engineering. 

Mr.  TriTMAN.  I  quite  agree  with  you.  I  think  it  would  be  very 
desirable  if  you  ooutd  put  it  largely  in  the  hands  of  our  Latin  American 
colleagues. 

The  Chaibman.  The  suggestion  is  a  very  excellent  one,  and  if  you 
have  no  objection  I  will  reserve  the  appointment  of  the  third  member 
of  Umt  committee  until  I  can  confer  with  Gen.  Bixby  and  ask  his 
advice  ad  to  a  representative  from  one  of  the  Latin  American  countries. 

K  there  is  no  furtl^r  business  to  come  before  the  section,  this 
meeting  will  stand  adjourned. 

Thereupon  at  12.25  o'clock  the  subsection  adjourned. 
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Raleigh  Hotel, 
Thursday  afternoon,  December  SO,  1916. 

Chairman,  E.  L.  Cobthell. 

The  session  was  called  to  order  at  2.50  o'clock  by  the  chairman. 
The  following  paper  by  Dr.  Pereira  da  Silva  was  admirably  pre- 
sented in  English  by  Dr.  Jos6  Ram6n  Villal6n,  of  Cuba. 

VIAS  DE  TRANSPORTES  POR  TERRA  E  AGUA. 

Por  CLODOMIRO  PEREIRA  DA  SILVA. 

SrrUAClO    B    DESENVOLYIMBNTO    DB    VIAS    FERBO-VIAIUAS    DB    TBANSPOBTB    PBLA8 

M0NTANHA8. 

0  E6tado  de  S^  Paulo,  no  Bradl,  o£ferece  em  rela^fio  a  eeta  these,  um  exemplo 
do8  maifl  interessaateo  para  todo  o  mundo,  como  daqui  ha  pouco,  vamos  moetnr. 

0  desenvolvimento  das  estradas  de  ferro  de  montanhas,  neste  Eatado,  6  mtdto 
pequeno,  em  quantidade,  mas  86  esse  exemplo,  de  que  Mlamos  que  6  repreeentado 
pela  linha  da  S.  Paulo  Railway  Company  Limited,  de  Santos  a  Jundiahy,  por  si 
b6  6  um  livro  aberto  para  todoe  os  profissionaes  e  administradores,  repertorio  doe 
mais  significativos,  em  materia  de  transportes. 

DepoiB  deesa  ferro-via  contamos,  com  o  caracter  desta  these,  apenas  a  ferro-via  de 
Pindamonhangaba  aos  Campos  do  Jord&o,  de  que  vamos  igualmente  tratar. 

Apesar  da  grande  barreira  levantada  entre  a  linha  da  costa  e  o  interior  do  Estado 
pela  Serra  do  Biar,  cujas  gargantas  ou  depressOes  minimas  nfio  offerecem  nenhuma 
altitude  inferior  a  770  metros,  o  tra^ado  das  estradas  de  ferro  que  6  relativamente 
muito  facil^no  planalto,  nfto  tem  dado  ensejo  ao  emprego  de  linhas  de  montanhas, 
pela  diaposi^&o  especial  que  tem  tomado  a  rMe  ferro-viaria  do  Estado,  em  virtode 
da  qual  se  tem  protelado  o  estabeledmento  de  vias  ferreas  para  o  littoral. 

i  assim  que  apresentando  o  Estado  uma  extensfto  de  perto  de  400  kilometros  em 
sen  perimetro  maritime,  poesue  um  unico  porto  apparelhado,  ligado  ao  interior  por 
um  unico  tronco  ferro-viario,  a  saber:  o  porto  de  Santos,  ligado  ao  interior  pela  S&o 
Paulo  Railway. 

£  que  quando  se  cogitou  de  communicar  o  Estado  com  o  littoral,  e  tratou-se  de 
construir  a  Sfio  Paulo  Railway,  cuja  conceesfto  6  de  1856,  e  que  foi  aberta  ao  traf^o 
publico  em  1867,  com  139  kilometros,  o  desenvolvimento  do  Estado  nfto  comportava 
outro  tronco  ferro-viario  para  o  mar,  e  esse  mesmo  como  empresa  industrial  pouca 
confianya  inspirava. 

Pouco  depois,  em  1869,  tratou-se  de  prolongar  esse  tronco  de  Jundiahy  at4  Cam- 
pinas, numa  exten8§o  de  45  kilometros,  que  foi  entregue  ao  trafego  em  agoeto  de  1872, 
conservando  a  bitola  de  1.60  metros  da  linha  de  Santos  a  Jundiahy. 

410 
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Oontemporaneamente,  tratava-se  da  construc^&o  de  ramaes  que  deviam  c(»Te8ponder 
ia  neceflddades  da  ezpanafto  da  regifto,  e  ao  mesmo  tempo  do  prolongamento  Mm 
de  Gampinafl. 

i  aaedm  que,  em  1371,  foi  concedida  a  linha  de  S&o  Paulo  a  Ypanema,  para  oeste, 
com  132  kilometros  e  Mtola  de  1  metio;  em  1873  o  prcdongamento  de  Campinas  ao 
Bio  Glare,  em  direct  ao  norte,  com  a  bitola  de  1.60  metroe  e  90  kilometros  de  ex- 


teniriU),  e,  no  mesmo  anno,  a  linha  de  Campinas  a  Mogy-Mirim,  com  um  ramal  para 
Amimro,  buscando  a  zona  de  Leete,  com  106  kilometros  de  extens&o  sendo  30  para  o 
ramal,  e  a  bitola  de  1  metro. 

Deste  modo  foi  a  rMe  ferro-viaiia  paulista  augmentando  constantemente,  e  con- 
servando  rigoroeamente  a  forma  divergente,  manteve  a  disposi^  dos  ramos  de  uma 
arvore  com  um  unico  tronco,  como  se  y6  no  mappa  incluso. 
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E  a  exteofi&o  tatal  das  Iwhsm  |>auli8tAe  que,  em  1867,  eiB  4e  ISO  kilomiBtifB,  apre- 
eentou  aucceesivaioente  os  a^uintes  resultadoe: 

Kllometrofl.  KfloOMtna. 


1867 ISO 

1874 3a2 

1880 1,211 

1885 1,640 

1890 2,425 


1896 2,962 

1900 3,978 

1906 3,841 

1910 5,201 

1914 6,137 


]&  de  notar-ee  que,  sendo  a  superfide  do  Eetado  de  265,000  kilometroe  quadradoe, 
eesa  rdde  cobre  apenaa  cerca  de  dous  quintos  da  mesma,  o  que  corresponde  a  uma 
denfiidade  de  55  kilometros  de  vias  ferreas  por  1,000  kUcmietros  quadradoe,  ji  bem 
consideravel. 

Entretanto,  a  disposipSo  da  rMe,  em  fonna  de  leque,  si  por  um  lado  trouxe  vanta- 
gens  extraordinarias,  dando  ao  systema  optimas  condi^Ges  de  resktenda  economica, 
per  outro  j6  vai  acarretando  incouvenientes  consideraveiB,  tambem  de  ordem  eco- 
nomica. 

Em  outros  termos,  a  disposi^ao  da  rMe,  em  forma  de  leque,  permittiu  sempre  a 
maior  concentra^So  do  trafego  de  toda  a  regi&o,  produzindo  para  o  tronco  priudpal, 
a  SSo  Paulo  Railway,  uma  situa^&o  economica  exceptional,  pelo  facto  de  que  dous 
ter^oB  de  seu  trafego  se  tomou  de  extreme  a  extreme. 

Deste  mode,  a  prosperidade  das  linhas  paulistas  foi  crescente,  mae  a  sua  effidencia 
economica,  para  toda  a  regi&o  tributaria  deixou  muito  a  desejar,  occasionando  os 
graves  inconvenientes  dtadoe,  que  consistem  em  se  acharem  as  vezee  duplicados 
e  at^  tiipllcados  os  diversos  percursoe,  que  precisam  fazer  passageiros  e  mercadorias, 
no  trafego  interne  do  Estado  de  S^o  Paulo  e  entre  os  Estados  limitrophee. 

Esses  inconvenientes  que,  alguns  annos  atraz,  nSU)  se  faziam  muito  notados,  em- 
quanto  nSo  existiam  com  os  Estados  de  Minas  Geraes,  Goyaz,  Matto  Grosso  e  Parani, 
as  liga^Qes  que  existem  hoje,  v2o  presentemente  se  accentuando,  e  reclamam  efficaz 
remedlo,  nas  linhas  de  ligagfio  ou  de  cinctura,  e  em  novas  linhas  directas  para  o  mar. 

Alids,  ha  }&  muitos  annos,  se  tem  fdto  tentativas  para  o  estabeledmento  dessas 
novas  linhas,  e  desde  1892  o  Poder  Legislativo  do  Estado  auctorizou  a  construcyfio  de 
duas  vias  ferreas  de  penetra^^,  tendo  origem  noe  portos  de  SSo  Sebastifto  e  da  Canan^a. 

Actualmente  6  notavel  a  necessidade  de  novas  sahidas  para  o  mar,  por  meio  de  vias 
ferreas  que  cortando  pelos  flancos  a  regiSo  tributaria  da  r6de  actual,  propordonem  aos 
yarios  artigos  do  trafego  percursoe  menores. 

Estes,  de  facto,  t6m  se  tornado  cada  vez  maiores,  &  medida  que  as  feno-vias  vSo 
Be  afastando  do  eixo  do  systema,  que  6  dado  pela  SSo  Paulo  Railway  e  seu  prolonga- 
mento,  na  sua  direcpfto. 

£  6  predso  reconhecer  que,  si  n&o  fosse  a  necessidade  de  construir  linhas  de  mon- 
tanha  para  veneer  a  grande  Serra  do  Mar,  afim  de  attingir  o  planalto,  j6  o  Estado 
estaria  servido  por  novas  linhas  de  penetragSo,  do  mar  para  o  interior,  de  accordo  como 
projecto  }&  de  longo  tempo  eetudado  e  desejado. 

A  questto  das  linhas  de  montanha  que  ae  tomam  opportunas  para  veneer  a  Sena 
do  Mar,  6  puramente  de  ordem  financeira,  e  nfio  technica. 

A  questfio  technica  }&  fd  inteiramente  ventilada  no  Estado,  pels  ella  tem  sido 
objecto  de  acuradoe  estudoe  por  occasiSo  da  escolha  de  div^nos  tra^adoe,  que  se  tem 
plaaejado  para  o  estabeledmento  das  novas  linhas,  do  mar  para  o  interior,  j&  dtadas. 

YerificQu-M  4e8de  «9  piimeiMs  tentajtivaa  pava  construc9^  deataa  Unhaa,  que  a 
tofK^graphia  da  aona  rnqntanhosi^  pesmitts  sempre  o  tragido  para  a  trac9(p  ordioada, 
mas  com  grande  desenvolvimento  de  linha;  e  que  eesa  mespia  topogsai^ua  tem  p^r- 
mittido  trance  vantajosoe  para  Unbas  projuriafBente  de  moptanhaa 

IsBO  mesmo  fd  verificado,  por  occadlU)  doe  ^studoa  para  a  construccSo  da  Sfto  PaiiU> 
BaOway  (1856-1865),  verifioou-fle  cgm  mais  nunudosldade  por  occaai&Q  da  duplica^So 
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da^nha  de0ta  fefro-via  (1894-1808),  e  igualmente  por  occanfto  4ob  estudoe  para  as  novaa 
VhoAkm  de  penetracSo,  x>'ojec<ada8  para  06  pcrtos  de  Canan^a  e  Sfto  SebastdSo. 

Eases  eatudos  t^  moetrado  que  oe  pianos  incUnados,  com  trac0U>  funicular,  con- 
stituiram  at^  hoje  a  melhor  solu^  para  o  {MKiblema,  no  soitido  de  galgar  a  montanha. 

O  exemplo  da  estrada  de  ierro  de  Santos  a  Jundiaby,  lomeceu  uma  demonstra^ao- 
cabal  das  vantag^ns  da  trac^  -funicular. 

Taes  van^agens,  prindpalmcoite,  sSo:  (1).  Seguran^  igual  ou  maior  do  que  eno 
qiuilquer  outro  systema  de  trac^;  (2).  Emprego  de  taxas  de  declividade  muito 
^levadas,  pennittindo  gramdes  eneurtamentos;  (8).  Velocidade  de  circula^U),  bas- 
tante  elevada,  isto  6,  de  20  a  80  kilometros  por  hora,  igual  e  superior,  portanto,  iquella 
com  que  jcbem  oa  treas  nos  trechoe  de  rampas  fortes,  com  a  tracgSo  ordinaria. 

AppHoado  a  voicer  o  treclio  da  Sena  daBstrada  deFerrode  Santos  a  Jundiaby,  a 
ayateraa  soffreu  grandes  melliommentos  por  occaedSo  da  dupUca^So  da  linha  de  189^ 
a  1899,  dictados  pela  experienda  de  80  annos. 

Essa  estrada  de  Uno  aberta  ao  trafego  publico  em  1887,  tinha  o  primeiro  tredho  de 
22  kllometvoa  estabclecido  em  terreno  baizo,  em  grande  parte  sujeito  &  influenda  das 
mar^. 

Do  kilometro  22  ao  kilometro  80  fotam  estd^elecidos  os  pianos  inoHnados,  vencendo 
a  differen^a  de  mvel  de  800,690  metros,  entre  as  duas  esta$6es  denominadas,  car- 
acteiisticamaite,  Eaie  da  Serra  e  Alto  da  Serra. 

Este  trecho  de  7,890  metros  construido  com  uma  declividade  m^dia  de  10  por  cento 
(8  a  11  por  cento),  cc»n  quatro  lances  de  2  kilometros  cada  um,  approximadamente, 
sepaorados  per  um  pequeno  patamar,  pam  as  manobias. 

A  trac^  dos  vehiculos  era  feita  por  meio  de  cabos,  acdoiiados  por  machlnas 
fixas,  pek  te»7  $nd  tytUm;  isto  ^,  oe  combeis  eirculavam  nos  pianos  inclinados  aos 
paces,  subinde  um  e  descendo  outre,  amanados  na  penta  do  cabo. 

As  machinas  fibLBS  Ao  da  forya  de  500  cavallos-vapor,  e  o  cabo-tractor,  com  o  diametvo 
de  8.5  centimetros,  aupporta  tun  esforyo  de  8,000  Idlogrammas  (carga  de  ruptura). 

0  peso  maximo  dos  trens  €  de  71,200  kitogramias  incluindo  o  brefce. 

O  maior  consumo  de  for^a  verificado  na  serra  velha  foi  de  500  cavallos,  isto  ^,  o 
maximo  das  tmwAin—  fixas. 

A  capacidade  dos  pianos,  na  serra  velha  6  de  aeis  trens  de  tres  vagOes  por  bora,  e  a 
velocidade  ^  de  18  kilometros. 

A  capacidade  dos  antigos  pianos  incHnados  nunca  foi  posta  k  im>va. 

O  maior  desenvKdvimento  de  passageiros  e  mercadorias  verificados  foi  de  cerca  de 
1,200,000  passagaifOB  e  cerca  de  1,800,000  tcmeladas  de  mercadorias. 

Por  occasiSo  da  crise  de  transporte  occorrida  nos  annos  de  1892  a  1898,  ge«m-se  no 
aadmo  de  todoa  o  receio  4e  que  a  estrada  de  f erro  nAo  coneqwndia  ao  deeenvolvimento 
do  Estado,  amdo  diffidl  transpor  a  Sena,  em  cosdi^Oes  favoraveis  a  um  grande 
traf^;o.  N&o  era  propriamente  insufficiente  a  capacidade  da  estrada;  muitos  emba- 
ra^os  que  detorminatam  a  retail  de  meroMlQiias  no  porto  de  Santos,  estavam  no 
pcofNTio  porto, 

Mas  a  occaitto  em  para  gnmdes  pianos  e  de  grande  e  fusta  oonfian^  no  futuro,  pelo 
que,  desde  logo,  agitou-se  a  questfto  de  duplica^&o,  dando  origem  ao  problema  da  nova 
llnha  na  Serra,  que  deu  logar  a  varies  estudos,  tendo  ena  vista  verificar-se  com  piecisfio, 
si  conviiia  veneer  a  Sena  do  Mar  com  linka  de  rimfdes  adberencia,  on  com  systena 
especial. 

Em  breve  OS  estudos  mostraram  que  a  linha  4e  simples  adheiencia  traria  um  alenga- 
m^ite  de  ceiea  de  42  kilometros,  que  embera  Mo  ebrigasse  a  despesas  de  primeiio 
estabdecimenio  mais  elevadas,  aearretariain  os  seguinles  reeultados,  mals  enetoaos: 
pre^os  de  transporte  mais  altos;  maior  tempo  de  percurso  com  angmento  de  cerca  de 
imia  hora;  alem  disso,  levando  em  conta  as  maiores  despesas  de  custdb,  ficou  ^esolvido 
adoptar  o  systema  especial  de  trac^So  para  subir  a  Sena. 
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Reduzida  a  questfto  a  eete  ponto,  apreeentou^se  em  seguida  a  da  escolha  do  systema 
eefpecial,  levantando-ee  a  discuaa&o  das  duas  thesea:  Conviria  empregar  o  systema  de 
pianos  inclinadoe,  melhoradoe,  de  accdrdo  cctm  a  ezi>eriencia  adquirida;  ou  conviiia 
empregar  o  systema  de  cremallieira,  cancterizado  pelo  tyi>o  Abt? 

Poeta  a  questfto  aeete  p^,  e  tendo  em  vista  que  o  systema  Abt,  eadgiria,  paia  o  per- 
curso  na  subida  da  Serra,  cerca  de  uma  hora  mais,  e  teria  uma  capaddade  reduzida, 
ficou  reeolvido  empr^ar  o  systema  de  pianos  inclinados  com  trac^  funicular. 

Ficou  assim  deliberado  construir  no  vos  pianos  inclinados,  mantcoido-se  os  antigos  em 
estado  de  poder  ser  utiUzados  em  qualquer  occasifto,  convenientemente  ligadoe  i 
linha,  no  alto  e  na  raiz  da  Serra. 

Os  novos  pianos  inclinados  ionm  projectados  e  construidos  do  seguinte  mode: 
Sendo  de  793  metros  a  different  de  nivel  a  veneer  para  galgar  a  Serra,  adoptou-se  para 

05  pianos  a  declividade  unilonne  de  8  por  cento;  a  eztensSo  total  a  veneer  secia  de 
1,930  metros  no  primeiro  piano;  2,040  metres,  no  segundo;  2,045  metros,  no  terceiro; 
2,040  metros,  no  quarto;  1,866  metros,  no  quinto.  Contada  a  ordem  dos  mesmos  de 
baixo  para  dma,  e  sendo  cada  piano  separado  do  immediato  por  um  patamar  de  120 
metros,  mediante  concordanda  por  curvas  verticaes. 

A  via  permanente  6  constituida  por  tres  tnJhos,  em  cujos  espagos  intemos  se  acham 
situadas  as  roldanas  que  recebem  o  cabo  tractor,  deedotamdo-se  as  tres  linhas  a  mda 
distancia  de  cada  piano,  para  dar  a  linha  dupla  que  p^mitte  o  cruzamento  dos  com- 
boios  de  subida  e  deedda. 

A  tracpfto  6  feita  por  meio  de  cabo  sem  fim,  o  sjrstema  6  o  do  endkss  cabUy  que  6 
posto  em  movimento  pelas  machinas  fizas,  de  1,000  cavallos  cada  uma,  situadas  nas 
eztremidades  dos  pianos. 

As  partidas  dos  comboios  para  descer  e  subir  sfto  simultaneas  em  todos  os  pianos,  o 
que  traz  igualmente  a  simultaneidade  das  chegadas,  e  os  cruzamentos  nas  paasag^iB 
nos  desvios. 

Deste  mode  n&o  ha  perda  de  tempo  de  espede  alguma,  conseguindo-se  grande  capa- 
ddade de  traf  ego,  pois  de  10  em  10  mlnutos  p6de  subir  um  trem  a  Serra,  ao  mesmo  tempo 
que  o  outro  desce. 

A  todo  comboio  que  s6be  ou  desce  6  engatada  uma  locomotiva  especial,  de  segu- 
ranya  e  manobra,  na  qual  6  preso  o  cabo. 

As  machinas  fixas  sfto  movidas  a  vapor. 

0  primeiro  piano  comega  no  kilometro  19^270  com  5  metros  e  60  de  altitude,  e  o 
ultimo  termina  no  kilometro  29^691,  ao  qual  segue-se  o  ultimo  patamar  de  120  metros, 
achando-se  interpostos  a  ellee  os  quatro  outros  patamares  que  sommam  um  kilometro 
de  extens^,  como  se  vd  no  graphico. 

A  altitude  do  ultimo  patamar  d  de  799  metros.  O  cabo  tractor  6  de  ago  e  tem  a  dr- 
cumferenda  de  5}  de  poUegadas,  ou  2.1  coitimetros  de  raio,  e  est&  figurado  no  dia- 
gramma. 

Sua  resistenda i  caiga  de  ruptura  6  de  108  toneladas,  quando  novo;  quando  usado  6 
empregado  emquanto  resLste  a  uma  carga  de  ruptura  de  72  toneladas,  e  como  ordinaria- 
mente  6  submettido  a  um  esforgo  de  cerca  de  20  toneladas,  o  coeffidente  de  seguran^ 

6  de  4  a  6. 

As  locomotivas  de  seguran^  que  acompanham  os  comboios  na  subida  e  na  desdda 
dos  mesmos,  s&o  munidas  de  possantes  breakes,  destinados  a  conter^n  os  trens  na 
linha,  em  caso  de  acddentes. 

Alim  disBO,  a  linha  6  munida  igualmente  de  chaves  mantidas  automaticamente 
abertas,  no  comedo  da  desdda  de  cada  piano,  para  evitar  que,  por  qualquer  manobra 
inadequada  no  patamar,  ou  por  acddente,  venha  a  escapar-se  qualquer  vehiculo  pelo 
piano  inclinado  abaixo. 

Os  trilhos  usados  tanto  na  linha  como  nos  pianos  inclinados,  sfto  do  typo  Vignolle, 
de  46.2  kilogrammaa  por  metro  corrente. 
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A  capacidade  maxima  dos  novo6  pianos  inclmiMioe  estd  muito  longe  ainda  de  ser 
attingida,  e  6  avaliada  em  26,500  toneladas  per  dia,  isto  6, 13,250  para  dma  e  13,250 
para  baixo,  para  urn  servi^  de  24  horas. 

Eete  limite  mazimofltippde,  partanto,  aigualdade  no  transporte  para  dma  e  no  trans- 
porte  para  baixo,  mantidaB  as  condi^Oeo  actuaes  de  T^oddade  do6  v^iiculos  e  resis- 
tenda  do  cabo  tractor. 

Evidentemente,  estas  condi^dea  sfto  dedaivaa. 

A  peddtaigualdade  do  transporte  para  dma  e  para  baixo  6  inattingivel;  eaigualdade 
que  se  obtem  no  peso  bruto,  para  forma^fto  doe  comboioe  equilibrados,  o  que  tomarse 
neceeaario  para  bom  e  barato  funcdonamento  da  trac^&o,  di-se  muitas  vezes  &  cueta  de 
grande  dedgualdade  do  peso  util  nos  comboios,  para  dma  e  para  baixo. 

Isto  resulta  evideniemente  da  varia^  da  densidade  nos  artigos  transportados,  ao 
lado  das  condi^Ses  de  manejo  e  acondidonamento  dos  objectos,  exigidos  para  sua 
conducpfto. 

Estas  restric9des  de  caracter  intrinseco,  inberente  ao  transporte  nos  pianos  indina- 
dos,  reduzem  de  muito  a  sua  capacidade  maxima,  talvez  de  um  teryo. 

Aldm  disso  6  predso  notar  que,  para  attingil-a,  6  necessario  fazer  o  servi^  noctumo, 
que  encarece  extraordinariamente. 

De  mode  que  aquella  capaddadede  26,500  toneladas  diarlas  de  caiga  util.  ou  9,670,000 
por  anno,  deve  ser  considerada  como  limite,  s6  attingivd  occasionalmente,  pcnt^ue 
varia  constantemente  a  relayfto  entre  o  peso  util  e  o  peso  bruto. 

Nfto  6,  aliis,  conveuiente  a  adoppfto  de  vehiculos  de  lotagSo  extremamente  grande. 

Pelas  razdes  acima,  e  attendendo  a  que  o  serviyo  de  paasageiroe,  por  ser  j&  conside- 
ravel,  acarreta  grande  perturbag&o  no  service  de  meicadorias,  p^de-se  dizer  que,  em 
serviyo  diumo,  a  capaddade  dos  pianos  inclinados  nHo  vai  pradcamente,  nas  con- 
diyOes  actuaes,  al4m  de  4,000,000  de  toneladas  de  caiga  util,  por  anno,  f6ra  o  serviyo 
de  passageiros. 

Por  esta  razSo,  &  vista  do  movimento  sempre  crescente  da  producg&o  do  Estado,  j& 
se  pensa  seriamente  em  augmentar  a  capaddade  da  ferro-via  Sfio  Paulo  Railway,  que 
tem  0  seu  ponto  fraco  na  secyfto  da  Serra. 

Desde  que  foram  entregues  ao  uso  publico  todas  as  obras  de  duplicagSo  da  linha  em 
1900,  deixaram  de  fucdonar,  no  traf^;o  ordinario  da  estrada,  os  antigos  pianos  incli- 
nados, que,  n&o  obstante,  s^  mantidos  em  perfeitas  condiyGes  de  funcdonamento,  e 
6  para  elles  que  se  volta  a  administra^ao  da  Estrada. 

Uma  notavel  commissao  de  engenheiros  da  companhia,  alguns  vindos  directamente 
da  s6de  na  Inglaterra,  tem  estudado  o  aasumpto,  e  parece  que  a  opini&o  dominante  6  a 
adopySo  da  cremalheira,  c<nn  trac9&o  electrica  e  linha  dupla. 

O  aigumento  deeisivo  em  favor  deesa  soluySo  6  a  vantagem  da  frequenda  doe  trens* 

Evidentemente,  a  capacidade  dos  pianos  inclinados  ainda  p6de  ser  muito  augment- 
tada,  poderiamos  dizer  mesmo  dobrada,  e  com  folga,  desde  que  se  lance  m&os  dos 
recursos  que  ainda  restam  para  este  fim:  (a)  diminuir  a  extensfio  doe  pianos,  de 
maneira  a  augmentar  o  numero  de  crozamentoe,  pela  reducgfto  de  percursos  nos  mes- 
moe;  (b)  augmentar  a  resitencia  do  cabo  e  a  forya  das  machinas  fixas. 

Evidentemente,  no  caso  actual  em  que  a  Companhia  Ingleza  est4  adstricta  a  apro~ 
vdtar  OS  velhos  pianos,  isto  6,  ia  obras  existentes,  6  precise  sujdtar  as  condiyOes  de 
Boluyfto  do  problema  a  contingendas,  que  nfto  ezistem  quando  se  trata  de  um  projecto. 

Para  dar,  alUs,  aos  pianos  inclinados  a  capacidade  que  elles  comportam,  6  predso 
empregar  a  trac92k>  electrica,  com  uma  s6  usina  geradora,  sendo  poesivd,  tendo  em 
vista  reduzir  ao  minimo  as  grandes  installayOes  das  machinas  motoras,  qme  acd^mam 
00  cabos  tractores. 

Em  taes  condi(6es,  p6de-se  dizer  que  os  pianos  inclinados,  com  tracySo  funicular, 
tem  uma  capaddade  que  bem  se  approxima  da  capaddade  maxima  da  via  terrea. 

Estfto  projectadas  no  piano  de  viay&o,  que  se  estuda  actualmente,  duas  grandes 
ferro-vias  de  penetra^,  do  mar  para  o  interior  do  paiz,  isto  4,  das  proximidades  de 
Canan^  ao  valle  do  Paranapanona,  na  regi&o  de  Pirajd,  e  das  proximidades  de  Sic 
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Sebastiao  em  diiecy&o  a  S&o  Bento  do  Sapucahy,  nas  fronteiraB  com  o  Estado  de  Minas, 
em  zona  extraordinariamente  fertU. 

Ambas  estas  linhas  feireaa,  em  projecto,  terfto  de  tranapor  a  Sena  do  liar,  e  00  estudoa 
j4  indicam  que  €  possly^  o  traoado  para  trac^&o  a  simplee  adherencia,  com  dedivi- 
dadee  de  cerca  de  2  por  cento,  emboca  com  grande  deaenvolyimento  de  linha. 

Masi  paca  »  ferro-vift  de  Sfio  Sebastifto  a  Sfio  Bento  do  Sapucahy,  nas  diviaas  de 
Minaa,  exiate  paaaagem,  do  alto  da  Sena  para  o  mar,  para  planoe  inclinadoa,  peimifr- 
tiado  um  encurtamento  de  45  kilometroa  aobre  o  tra^ado.para  trac^  &  aimplea  adhe- 
rencia. 

Em  aitua^&o  muito  prozima  acham-ae  grandea  quedaa  d'aguaa  aitoadae  em  terraa  do 
Eatado. 

O  problema,  portanto,  da  linha  de  montanha,  neaaa  eatrada  de  ferro,  eatd  em  con- 
di96ea  de  aer  optimamente  reaolvido. 

Em  Sfto  Paulo  nSto  temoa  outro  exemplo  de  eatradaa  de  ferro  propriamente  de  mon- 
tanhaa,  em  trafego.  Variaa  ferro-viaa  cortam  aa  regi5ea  accidentadaa  do  Eatado,  maa 
nfto  apreeentam  particularidadee  caracteriaticaa  em  aeu  tragado  e  em  aeu  ayatema  de 
tracg&o,  poia,  aendo  tiafegadaa  com  locomotivaa  de  aimplea  adherencia,  nfio  offerecem 
decUvidadea  auperiorea  a  2.5  por  cento. 

Acha-ae,  por^m,  em  adeantada  conatruc^So,  a  ferro-via  de  Pindamonhangaba  aoe 
Oampoe  do  Jordfto,  que  6  uma  eatrada  de  ferro  de  montanha,  devendo  entretanto  aer 
movida  k  trac^fto  electrica,  e  por  aimplea  adherencia. 

Nenhuma  particularidade  offerece,  a  nSo  aer  no  perfil  longitudinal,  onde  ae  encon- 
tram  declividadea  de  10  por  cento. 

A  eatrada  de  ferro  ^  de  capacidade  reduzidiaaima,  e  aeu  objectiyo  6  ligar  0  Sanatorio 
doe  Campoe  do  JordSo  k  cidade  de  Pindamonhangaba,  na  Eatrada  de  Ferro  Central  do 
Braail. 

Sua  extenaOo  total  6  de  47  kilometroa,  aendo  20  kilometroa  na  varzea  at^  d  raiz  da 
Serra  da  Mantiqueira. 

O  menor  raio  daa  curvaa  6  de  60  metroa.  A  altitude  do  ponto  de  partida,  na  cidade 
de  Pindamonhangaba,  6  de  551.2  metroe.  Segue  pelo  teireno  baixo  at^  a  altitude  de 
600  metroe,  na  raiz  da  Serra,  para  attingir  no  kUometro  37.5  a  altitude  de  1,743  metroa, 
Deste  ponto  a^^ue,  em  deacida  at^  a  villa  doe  Campoa  do  Jorddo,  no  kilometro  47,  onde 
ch^a  na  altitude  de  1,573  metroa. 

A  particularidade  maia  importante  do  perfil  4  a  declividade  de  10  por  cento,  que  ae 
encontra  frequentemente  entre  oa  kilometroa  23  e  40. 

Eata  ferro-via  tem  intereaae  puramente  local,  e  terd  capacidade  de  trafego  muito 
leduzida. 

Aaaim,  tendo  em  viata  aa  conaidera^Sea  que  expendemoa  relativamente  k  extenaSo 
doe  planoB  inclinadoa  e  &  reaiatencia  do  cabo,  que  appUcadoa  ao  caao  da  Sfio  Paulo  Rail- 
way, que  temoa  apreciado,  na  apreaenta^fio  deata  theae,  teriam  permittido  maia  que 
duplicar  a  capacidade  deata  eatrada,  tomando-a  francamente  igual  &  da  linha  de 
planicie,  podem  aer  eatabelecidaa  aa  aeguintea  conclua5ea: 

1.  O  ayatema  de  planoa  inclinadoa  com  trac^So  funicular,  applicado  judidoaamente 
e  obedecendo  aoe  apaieigoamentoa  modemoBy  readve  poieitamente  0  problema  daa 
liiiha^  de  montanha. 

A  aiia  capaddade  de  trafego  augmenta  consideavelmente,  e  tende  a  tomar-ae  igual 
r  ''a  ferro-via  de  planide  de  igual  bitda,  deade  que  aeja  diminuindo  a  extenaSo  doa 
planoa,  com  0  emprego  do  cabo  aem  fim,  de  maneira  a  permittir  maior  numero  de 
partidaa  doa  patamarea,  e  que  aeja  empregado  cabo  tractor  baatante  reaiatente,  que 
pemitta  augmentar  a  lotayfto  doe  comboioa. 

emprego  da  eneigia  electrica  para  acdonar  aa  madiinaa  fixaa  p6de  reduzir 
conaideravelmente  aa  deapeaaa  de  trac99o.  A  veloddade  doa  comboios,  noa  planoa 
inclinadoa,  nfio  deve  aer  inferior  a  25  kilometroa  por  hora. 
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2.  O  emprego  da  ciemalheira  para  veneer  rampas  equivalentee  pdde  ser  vantajoea- 
mente  favorecido  com  a  applica9ao  da  eneigia  electrica,  e  constituir  um  excellente 
meio  de  Beguraii9a,  combinado  com  a  trac^ao  por  aimplee  adherencia. 

Ebbob  vantagens  diminuem  mais  depreesa  com  o  crescimento  da  taxa  de  decUvidade» 
do  que  noe  pianos  inclinadoe  com  trac9&o  funicular  aperfeipoada. 

3.  O  emprego  doe  planoe  inclinadoe  tem  sua  applica^fto  eepedal  noe  caaoe  de  se 
acharem  reunidae  as  declividades  em  trechoe  de  pequena  extens&o. 

4.  Nos  outros  casos  o  emprego  da  cremalheira,  combinado  com  a  trac^  por  simpke 
adherencia,  feita  por  locomotivas  p6de  ter  preferivel  agplica^So  (systema  Abt.). 

The  Chairman.  If  you  will  occupy  the  chair  a  moment,  Mr. 
Villalon,  I  would  like  to  supplement  what  is  in  that  paper  by  some 
further  statements. 

Mr.  ViLLALON.  With  pleasure. 

Mr.  CoRTHELL.  If  you  will  examine  the  railroad  system  of  the 
State  of  Sao  Paulo,  you  will  see  something  rather  peculiar,  and  that 
is  that  the  line  of  the  Sfto  Paulo  Railway,  which  Mr.  da  Silva  de- 
scribes, is  what  you  may  really  call  a  trunk  line.  There  is  nothing 
else  to  take  the  immense  amoimt  of  traffic  that  radiates  from  that 
whole  State.  You  will  find  that  there  are  really  four  railroads. 
The  Sao  Paulo  has  its  own  short  system  with  a  wide  gauge.  Then 
there  are  the  great  coffee  railroads,  in  addition  to  a  connection  with 
the  Sao  Paulo  and  the  Rio  Grande  which  is  now  imder  construction 
in  rather  extensive  branches,  so  that  it  is  in  the  form  of  a  fan.  The 
handle  of  the  fan  is  the  trunk  of  this  very  large  system,  which  car- 
ries the  coffee  we  drink,  and  largely  that  of  the  rest  of  the  world. 
The  author  speaks  of  the  attempts  made  to  solve  the  problems  by 
adhesion.  I  know,  personally,  of  several  attempts  made  to  do  that. 
An  effort  was  made  to  get  the  Sfto  Paulo  to  sell  by  developing  surveys 
for  practically  an  adhesion  line,  which  would  have  been  40  or  60 
kilometers  longer  than  this  straight  line  up  the  mountains.  One 
was  dealing  with  English  people,  however,  and  English  people  are 
rather  hard  to  deal  with  sometimes.  They  held  on  and  the  line 
is  there  yet,  and  all  attempts  to  buy  it  or  get  it  out  of  the  way  or 
build  a  competing  line  have  been  utterly  useless. 

Mr.  ViLLALON.  It  is  one  of  the  best  paying  lines  in  the  world. 

Mr.  CoRTHELL.  Yes;  it  is  one  of  the  best  paying  lines  in  the  world. 
I  do  not  know  anything  that  brings  in  a  greater  pennanent  income 
all  the  year  than  the  Sao  Paulo  Railway.  Another  thing  that  has 
had  a  great  deal  to  do  with  the  development  of  the  line  and  with 
it^  income  has  been  the  wonderful  improvement  of  the  port  of  Santos. 
When  it  was  started  in  1856  or  1857  there  was  nothing  there  but 
a  fever  hole,  leading  into  a  river.  It  was  a  sort  of  creek,  coming 
in  from  the  ocean.  Now  it  is  one  of  the  finest  ports  in  the  world. 
There  are  from  2  to  3  miles  of  convenient  lines  of  sohd  quays  where 
ships  from  all  parts  of  the  world  may  come  in  and  take  on  their 
coffee  and  deliver  their  merchandise. 
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There  are  warehouses  for  handling  coffee  and  other  merchandise; 
and  it  is  a  perfectly  sahitized  city;  the  yeUow  fever  is  gone;  every- 
thing else  is  gone  that  would  make  it  unhealthy.  The  whole  sys- 
tem, the  port,  the  city,  and  the  railroad  and  the  wide  area  of 
country  occupied  by  it,  is  rather  unique.  There  is  another  point 
about  which  I  want  to  speak  in  regard  to  this  railroad.  In  the 
first  place  there  was  a  railroad  in  the  valley.  They  had  to  build 
on  a  line  that  would  keep  them  level.  They  went  along  the  vaDey 
as  far  as  they  could,  and  when  they  did  come  to  the  point  where 
they  had  to  dimb,  they  went  up  on  uniform  grade.  As  you  go  up, 
you  can  look  down  on  the  old  railroad.  Over  this  rough  country 
there  is  an  8  per  cent  grade  with  no  variation,  straight  up  the  moim- 
tain.  It  is  very  difficult  to  build  and  locate  a  line  in  such  a  rough 
country  and  have  uniform  grade.  Now,  this  is  on  the  side  of  a 
hill,  and  there  are  tremendous  rains  in  that  coimtry  at  certain  sea- 
sons of  the  year.  The  land  is  likely  to  slip  and  slide  and  injure  the 
track — ^perhaps  wear  it  away,  but  you  can  look  up  the  side  of  the  hill 
and  you  can  see  solid  stone  gutters  as  far  up  as  the  eye  can  reach.  I 
have  never  seen  any  railroad  in  any  country  built  as  thoroughly 
as  the  San  Paulo  Railroad.  They  never  have  any  trouble  in  that 
respect,  because  they  have  protected  themselves  in  advance  by 
these  large  culverts  to  carry  the  water  under  the  railroad.  The 
ditches  along  the  side,  and  the  little  water  crosses  you  can  see  all 
the  way  up  the  hill,  are  floored  solidly  with  very  fine  paving. 

The  Chairman.  Have  you  any  further  remarks  to  make,  gentle- 
men) 

Mr.  James.  I  woidd  like  to  ask  how  large  are  the  trains  that  run 
on  this  inclined  road  ? 

The  Chaibman.  I  think  there  are  usually  about  eight  cars,  mostly 
coffee  cars.  The  great  weight  of  traffic  is  down  hill.  The  merchan-^ 
dise  that  goes  into  the  interior,  San  Paido  not  being  a  manufac- 
turing country,  is  small  compared  with  the  weight  of  the  coffee  that 
comes  down  the  hill,  so  the  weight  is  by  no  means  balanced. 

Mr.  James.  And  two  trains  at  a  time  are  all  that  the  line  will  accom- 
modate, one  going  up  and  one  coming  down ) 

The  Chairman.  Oh,  no;  they  can  have  more  than  two  trains. 

Mr.  James.  They  can  have  more  than  two  ? 

The  Chairman.  Oh,  yes;  but  they  must  be  balanced  in  order  to  be 
economical,  but  they  can  not  do  that  on  account  of  the  difference- 
in  the  load  of  the  traffic. 

Mr.  Waddell.  I  woidd  like  to  ask  Dr.  CortheU  what  is  the  steepest 
adhesion  grade  he  has  ever  come  across  ? 

Mr.  Corthell.  I  have  never  seen  anything  I  would  care  to  ride? 
on,  over  4i  per  cent. 

Mr.  Waddell.  There  is  one  in  Mexico  of  5,  is  there  not  ? 
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Mr.  CoBTHELL.  Yes;  but  it  was  intended  originally  to  be  4  per 
•cent;  and  it  has  gradually  gotten  up  to  5  per  oent,  through  the  various 
ohanges  that  they  have  made.    That  is  too  steep^  as  you  know. 

Mr.  Waddbll.  Is  there  anything  anywhere  in  the  world  steeper 
than  that? 

Mr.  ViLLALON.  I  know  of  a  road  which  has  been  subsequently 
built  in  the  Andes  where  there  is  about  6  per  cent  grade  with  a  doubk 
engine  to  go  up. 

A  VoiOB.  We  have  an  American  line  working  at  about  5^  per  cent 
without  any  special  design  of  engine,  all  horn  the  Baldwin  Locomo- 
tive Works.  They  run  very  well.  It  is  not  a  very  economical 
scheme,  you  know. 

The  Chaibman.  What  is  the  weight  of  the  train  which  usually 
they  wotild  haul  up  those  grades  t 

A  Voice.  Not  too  much;  a  hundred  tons  ¥rithout  the  engine. 
We  have  very  heavy  engines,  you  know — 120  tons,  with  the  car  for 
coal  and  water. 

The  Chaibman.  If  there  are  no  further  remarks  we  will  adjourn 
this  session  now. 

Whereupon,  at  4  o'clock,  the  session  adjourned. 
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JOINT  SESSION  OF  SUBSECTION  4  OF  SECTION  ID  AND  SU9- 
SECTION  4  OP  SECTION  ¥•* 

Raleiqh  Hotel, 
Th/ursdoA^tifternoim,  December  SO,  1916. 

Chairman;  M.  O.  Lbighton. 

Papers  presented: 

By  Section  V: 

Engineering  Work  of  the  United  States  Eeclamation  Service^  by 
A.  P.  Davis. 

Irrigation  and  Drainage,  by  F.  H.  Newell. 

By  Section  III: 

The  Irrigation  Work  of  the  Indian  Office,  by  W.  M.  Reed. 

Use  of  Irrigation  Waters  as  Sources  of  Power,  by  George  G.  An- 
derson. 

1  The  papers  and  report  of  this  session  are  foond  in  Volume  ni*  (Papers  of  Section  UI)  of  the  Proceed- 
ings of  the  Second  Pan  American  Sdentiflc  Congress . 
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JOINT  SESSION  OF  SUBSECTION  6  OF  SECTION  IV,  SECTION 
V,  AND  SUBSECTION  4  OF  SECTION  VE.^ 

^  Raleigh  Hotel, 

Friday  morning^  December  SI,  1916. 

Chairman,  Gabdkbb  C.  Anthony. 

Papers  presented: 

By  Section  V: 

Engineering  Nomenclature,  by  Alberto  Smith.  (This  topic  was 
specially  referred  to  this  Congress  by  its  predecessor.) 

By  Section  IV  (EJngineering  Education): 

The  Influence  of  Technical  Journals  upon  Engineering  Educaticm. 
Papers  by  T.  A.  Rickard  and  Thomas  J.  Read. 

Engineering  Education  in  the  United  States,  by  Charles  S.  Howe. 

What  is  Engineering  Education  Contributing  toward  Scientfic 
Progress  and  Inyention  1  Papers  by  Vladimir  EarapetofF  and  Walter 
Rautenstrauch. 

Significance  of  Engineering  Degrees  in  the  United  States,  by 
William  T.  Magruder. 

By  Section  VH  (Mining): 

The  United  States  Bureau  of  Mines,'  by  Van.  H.  Manning. 

>1.  TlMp«p«nof860ttQaIVandt]iereportQftbis86SBlonaraf<randIn  VohimelVoftlieFrooe^^ 
tlM  Beoond  Pan  A  maricm  SctentJflc  Coo^ess. 
X  FSrinted  In  Volume  vm  of  the  Proceed  tnga  of  the  Seoood  Pan  Americm  Congreas. 
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SESSION  OF  SUBSECTION  1  OF  SECTION  V. 

Raleigh  Hotel, 
Monday  morning,  January  S,  1916 

Chairman,  Loqan  Waller  Page. 

The  session  was  called  to  order  at  10  o'clock  by  the  chairman. 

Papers  presented: 

Engineering  in  general  in  Colombia,  by  Pablo  Pinz6n, 

Best  type  of  construction  for  piers  and  quays  on  water  fronts 
of  great  depths  and  swift  currents  (question  especially  referred 
to  this  congress  by  its  predecessor),  by  J.  F.  Coleman.  Discussion 
by  Chandler  Davis. 

Soils  as  regards  pressures  allowable  thereon,  by  Robert  A.  Cum- 

mings. 

INGENIERlA  GENERAL  EN  COLOMBU. 

For  PABLO  PINZ6N, 
Bogotd,  Colombia. 

C0N8n)BRACI0NB8  GbNERALES. 

Efita  es  la  mia  alta  corporaci6ii  que  puede  reunirae  para  tratar  del  progreeo  y  bien- 
eetar  de  los  pafses  americanos;  sue  actos  dirigidoe  con  aderto  ser^  de  tranwendentalefl 
conaecuenciafl  para  la  America,  secundando  y  Uevando  a  hechoe  pricticoe  loe  eleva- 
do8  proyectOB  de  la  Um6ii  Panamericana. 

El  gobiemo  de  Colombia,  al  aceptar  la  invitaddn  que  le  ha  hecho  el  de  loe  Estadoe 
Unidoe  para  concurrir  por  medio  de  delegados  a  la  segunda  reunidn  de  este  Congreao, 
ha  resuelto,  con  aderto,  enviar  como  tales  a  un  medico,  un  abogado  y  un  ingeniero. 
£1  hecho  de  celebrar  esta  segunda  r6uni6n  bajo  la  protecd6n  del  Gobiemo  de  los 
Estados  Unidos  y  en  su  dudad  capital,  es  la  mejor  ocafli6n  de  confrontar  elementos  y 
necesidadefl  entre  las  nadones  americanas,  y  procurar  el  enlace  de  loe  primeros  para 
satis&cer  las  segundas,  tanto  por  la  acd6n  de  los  Gobiemoe  como  por  medio  del 
esfuerzo  individual. 

El  grupo  de  nadones  latinoamericanas,  con  pocas  dif  erendas,  cuenta  con  elementoe 
semejantes  y  sus  necesidades  son  las  mismas;  loe  Estados  Unidos  abundan  en  elemen- 
tos que  faltan  a  las  primeras;  sus  necesidadee  son  de  otro  orden,  y  forman  otro  grupo. 

Gada  una  de  las  nadones  debe  exponer  sus  elementos,  con  el  propi3sito  de  buscar  su 
conVeniente  combinad6n,  a  fin  de  que  todas  alcancen  r&pidamente  sus  benefices 
resultadoe.  Trat&ndose  del  progreeo  material,  que  es  el  campo  mis  amplio  de  acd6n 
y  que  viene  a  ser  base  del  progreso  en  general,  corresponde  el  primer  puesto  a  la 
ingenierfa,  en  sus  diferentes  ramos,  que  es  la  cienda  directiva  en  este  caso. 

Previas  estas  consideradones,  me  ocupo  de  los  estudios  relativos  a  Colombia. 

Su  extenti&n  y  pobladdn. — Colombia  tiene  una  extensi6n  de  461,600  millas  cua- 
dradas  (1,195,545  ldl6metros  cuadrados)  y  tiene  una  pobladdn  aproximada  de  5,500,000 
habitantes;  de  manera  que  le  corresponden  12  habitantes  por  milla  cudrada. 
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Los  Estados  Unidos  tienen  una  extensi6n  de  3,616,484  millas  cuadiadas  con  una 
poblaci6n  de  99,451,000  habitantes;  le  corresponden  27  habitantes  por  milla  cuadrada. 
Neceeitarla  Colombia  llegar  a  12,000,000  para  tener  la  misma  densidad  de  poblaci6n 
que  loB  Estados  Unidos. 

Es  notable  la  comparaci6n  con  algunas  nacionee  de  Europa — ^Francia,  Alemania, 
Inglaterra  e  Italia— que  todaa  ellflfl  tienen  185,000,000  de  habitantes,  tienen  respect!- 
vamente  191,  311,  376  y  318  p<»  milla  cuadrada  y  en  conjunto  265;  ea  igual  proporci6n 
Colombia  deberia  tener  130,000,000  de  habitantes  para  tener  la  misma  densidad  de 
poblaci6n  que  esas  nadones  europeas. 

Se  saca  en  consecuencia  que  Colombia  es  un  pais  desierto;  con  la  carencia  con- 
siguiente  de  buenas  viae  de  comunicaci6n;  con  un  comercio  exterior  tardlo  y  muy 
recargado  con  altos  transportes,  y  que  sus  riquezas  naturales  estdn  caai  intactas. 

Su  topografla^  alturas  y  temperatura, — El  territorio  de  Colombia  est&  formado  de 
manera  saUente  por  tres  ramales  que  se  desprenden  de  la  cordiltoa  de  loa  Andes,  con 
direcci6n  pr6xima  al  norte — sus  nombree:  cordilleras  Oriental,  Central  y  Occidental — 
con  sus  consiguientes  valles,  que  establecen  diferencias  de  alturas  de  3,000  metros; 
cruzado  por  corrientes  de  agua  que  representan  innumerables  fuentes  de  energla  siem- 
pre  a  disposici6n  del  hombre,  aumentadaA  con  las  fuentes  de  energf a  t^rmica  por  raz6n 
de  las  minas  de  huUa  y  petr61eo.  Adem^  existen  al  Oriente  llanuras  bafiadas  por 
corrientes  de  agua  navegables. 

Su  temperatura  es  variable  entre  8  grados  y  30  centigrados. 

Sua  elementos  de  riqueza. — Los  elementos  de  que  dispone  Colombia  los  constituyen 
dos  clases  de  riqueza:  la  de  su  suelo,  que  on  la  variedad  de  climas  y  alturas,  con  su  gran 
feracidad,  da  toda  clase  de  producciones,  tanto  en  artfculos  de  consume  como  de  expor- 
taci6n;  entre  estos  merecen  especial  mencidn  el  caf6,  cacao,  tabaco,  cafLa  de  azticar, 
caucho,  maderas  y  una  gran  variedad  de  frutas,  tales  camo  el  banano,  cocos,  naranjas, 
etc.,  vainilla,  zarrapia  (ava-tonga),  etc. 

Tiene  llanuras  de  pastos  naturales  donde  el  ganado  se  desarrolla  por  si  solo,  sin  la 
atenci6n  y  el  cuidado  del  hombre. 

La  s^unda  clase  de  riqueza  es  la  que  contienen  las  entraflas  de  la  tierra:  se  encuen- 
tran  minas  de  bulla,  petr61eo,  sal  gema,  salitres,  metales  de  todas  clases,  principal- 
mente  oro,  platino,  plata,  hierro,  cobre  y  excepcionalmente  minas  de  esmeraldas, 
6nicas  hoy  en  el  mundo. 

Adem^,  como  se  ha  dicho,  dispone  de  fuentes  abundantes  de  eneigia. 

En  cuanto  a  personal  trabajador,  hay  en  el  pafs  suficiente  ndmero  de  brazos  por 
ahora.  Despu^,  cuando  el  desarrollo  oxija  mayor  ntimero,  ya  vendr&  la  inmlgraci6n 
espontdnea.  Que  la  Naci6n  se  conserve  en  paz  al  favor  de  Gobiemos  honrados  y  com- 
petentes,  que  den  garantias  para  las  empresas  que  acometan  extranjeros  laboriosos, 
entonces  abundard  la  corriente  de  inmigraci6n  por  las  grandes  facilidades  y  ventajas 
que  encuontra  el  extranjero  entre  nosotros;  gozando  de  los  beneficios  que  proporciona 
una  Naci6n  libro,  donde  no  estd  recargado  el  pueblo  con  contribuciones;  con  un  clima 
excolente  y  con  fdciles  elementos  de  producci6n, 

Colombia  necesita,  para  explotar  sus  riquezas:  capitales,  personal  empresario  y 
t^cnico  directivo,  quo  hasta  ahora  uno  y  otro  empiezan  a  formarse  en  el  pafs;  maqui- 
narias  y  aparatos  para  explotar  sus  riquezas  naturales.  Estos  elementos  los  tienen  los 
Estados  Unidos  en  abundancia,  buscan  regiones  donde  colocarse.  Habida  esta  cir- 
cunstancia  y  la  conveniencia  que  tienen  en  recibir  nuestros  frutos,  hay  motive,  sin 
duda,  para  establecor  atracci6n  entre  los  elementos  de  una  y  otra  Naci6n.  No  se 
necesita  sino  el  conocimiento  complete  y  recfproco  de  ellos  por  parte  de  los  dos  pueblos. 

Sv^  vias  de  comunicadSn. — ^Al  Uevar  a  la  prdctica  las  ideas  anteriores  se  presenta 
inmediatamente  un  inconveniente:  la  falta  de  vlas  de  comunicaci6n  apropiadas,  tanto 
para  la  introducci6n  de  maquinarias  y  dem^  elementos  como  para  la  exportaci6n  de 
los  frutos.  Forzoso  es  convenir  on  que  los  ferrocarriles  son  las  dnicas  vias  que  Uenan 
las  condiciones  indispensables  de  rdpido  transporte,  barato  y  amplio. 
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Pimto  66  eete  que  tratai^  despu^  en  capftulo  eepecial  por  sa  vital  importancia. 
La  thdca  via  fluvial  itorportaute  hoy  para  el  comercio  e&  el  rfo  Magdalena,  que  es 
neceeario  regulaiizarlo  y  hacer  accedble  su  boca  a  los  vttporee  marftimos. 

PbOGBAMA  DSL  SECK7NDO  C0HGBB8O — SBC0I6n  QtHimi,   iNOBNIt&iA. 

fih  eiite  tahio  do  ^stamos  en  capacidad  de  Uevar  nada  nuevo  alas  naciones,  de  donde 
1X08  vienen  los  conocimientos;  no  serfa  oportuno  preeentar  desarrollos  de  teorfas  que. 
varios  autoree  ezponen  con  amplitud;  de  manera  que  lo  indicado  y  conveniente  es 
hacer  una  t&pida  exposici6n  del  estado  actual  en  que  se  encuentran  en  el  pais  las  obras 
a  que  se  refiere  esta  seccidn.    Sigui^udo  el  orden  del  programa,  se  tiene: 

A.  TBAN8PORTE  FOR  TIERRA  Y  POR  AQUA. 

1.  FerrocarriUs  y  tromvias. — "(a)  ^tuaci6n  y  desanttllo  de  caminos  ferroviaiios  de 
transporte  en  las  montafias: "  Colombia  tiene  una  extensiiSn  de  520  millas  (837  Idld- 
meCrolB)  de  ferrocaniles;  la  llnea  m&a  notable  es  la  de  Girardot  de  82  millas  (132  kil6- 
m^Cros),  que  vence  una  altimi  como  de  7,800  pies  (2,377  metros)  y  comunica  la  antl- 
pl!Miicie--aBieDto  de  la  capital  BogotA— con  el  rlo  Magdalena. 

En  atenci6n  a  que  los  Estados  Unidos  tienen  226,221  millas  de  f  errocarrlles;  teniendo 
em  cuenta  la  relaci6n  entre  su  territorio  y  el  de  Colombia,  dsta  deberla  tener  en  propor- 
ci6n  28,200  millas  (45,382  kll6metros);  en  proporci6n  a  las  poblaciones  respectivas 
deberfa  tener  12,500  millas  (21,016  kildmetros). 

Haciendo  %ual  comparaci6n  con  la  Aigentina  que  tiene:  extensi6n,  1,153,418 
millaiB  cuadradas;  habitantes,  9,000,000,  y  17,793  millas  de  ferrocarriles;  Colombia  en 
proporcidn  deberfa  tener  aproximadamente,  de  acuerdo  con  su  territorio,  8,000  millas 
y  10,000  de  acuerdo  con  su  poblaci6n. 

Bogota,  Medellfn  y  Barranquilla  tienen  lineas  de  tranvlas,  la  primera  el^trica  y 
las  otras  dos  de  sangte. 

''(b)  Conveniencia  y  poeibilidad  de  establecer  en  Pan  Am^ca  un  sistema  ferro- 
vittrio  de  via  uniforme,  especialmente  en  Centre  y  Sur  America." 

Tanto  la  conveniencia  como  la  posibilidad  saltan  a  la  vista  pot  si  solas,  basta  hacer 
un  acuerdo  entre  las  naciones  para  imiformar  el  ancho  de  las  vlas,  el  resultado  serla 
evitar  los  tnsbordos  con  sub  malas  consecuencias. 

2.  CoratrucciSn  y  conservacidn  de  carreteras  y  calles, — Las  carreteras  deben  ser  nuestras 
vfas  de  segUndo  orden;  deben  construiise  con  buen  macadin  y fuertemente  cilindrado 
para  su  mejor  y  m^  barata  conservaci6n.  Su  construcci6n  estd  reglamentada  i>or 
disporiiciones  espedales  del  Gobiemo. 

Para  nuestras  calles  lo  linico  admisible  es  el  asfaltado  sobre  cimiento  de  piedra 
partida  o  equivalente,  cilindrado  como  el  macaddn,  la  capa  de  asfalto  debe  tener  un 
espesor  ^fnimo  de  2  pulgadas  (0.05  meftro);  asl  su  duraci6n  serd  indefinida. 

S.  Dransportes  por  ngtui, — ''(a)  Marina  mercante:''  Actualmente  el  comercio  se 
ocupa  en  establecer  la  primera  Ifnea  de  vapores  marltimos  entre  nuestros  puertos  del 
AtlAntico  y  los  Estados  Unidos,  idea  que  ha  sido  bien  acogida  por  el  pdblico. 

''(b)  Mejoras  en  los  rfos  y  transporte:"  El  rlo  Magdalena  sirve  al  comercio  de  10 
DepartamentdB  de  los  14  que  forman  el  pals,  es  por  hoy  la  tinica  arteria  fluvial  impor- 
tante;  tanto  por  su  corriente  como  por  su  caudal  de  aguas  se  presta  a  navegaci6n  por 
vapor  en  unas  810  millas  (270  leguas);  se  dispone  de  rentas  propias  suficientes  para 
canalizar  sos  aguas  y  abrirle  paso  a  los  vapores  marltimos,  que  i>odrlan  subir  hasta 
Barranquilla. 

Se  navegan  otros  rlos  de  menos  importancia:  el  Zulia,  el  C^ar  y  el  Cauca;  los  de  la 
regi6n  oriental  muy  poco  por  falta  de  comercio. 

"(c)  Constniccidn  de  canales  y  transporte:"  Todavlael  movimiento  comercial  no 
aconseja  su  construccidn. 

"(d)  Puentes  fijos  y  movibles;  modelos  mejores  para  Pan  America:"  Los  puentes 
apropiados  en  general  para  todo  servicio  deben  ser  de  armaduras  de  acero  (trusses)  o 


Digitized  by  VjOOQIC 


426       PBOCEEDINQS  SECOND  PAN  AMERICAN  SCIENTIFIC  C0NGRS88. 

de  madera,  donde  las  haya  de  buena  calidad  y  cueeten  menoe,  montadas  eobre  estriboe 
de  piedra  o  concreto.  En  loe  lugares  que  los  transporteB  sean  diffcilee  y  coetOBOB  puede 
aer  conveniente  usar  IO0  ^uentes  colgantee. 

''(e)  Obras  de  puerto  (comprendiendo  la  construccidn  de  maleconee  y  muelles:" 
Puerto  Colombia,  Santa  Marta  y  Cartagena  tienen  sua  mueilee  en  conecci6n  con  loi 
ferrocarriles;  los  dem^  puertoe,  tanto  fluvialee  como  marftimos,  carecen  de  estam 
obras,  que  deben  ejecutane  de  acuerdo  con  loe  proyectoe  fonnadoe  aobre  eetudios  bien 
hechoe,  en  cada  caso  particular. 

''(f)  Protecci<Sn  del  literal  maritimo:"  Ninguna  obra  seria  de  eeta  naturaleaa  se  ha 
consMifdo. 

B.   INOBNIBRiA  BLibCTRIOA. 

Sabemos  que  la  electiicidad  ha  trasfonnado  el  mundo  industrial;  que  tiendea 
Uenar  de  comodidadee  a  la  humanidad.  Representa  un  paso  aobreealiente  en  el 
progreso. 

1.  Generad&n,  trasmui^n  y  distribucidn  de  la  energia  elictrica.^lA  fuerza  gen^radora 
apropiada  entre  nosotroe  ee  la  hidr&ulica.  Las  cafdas  son  de  propiedad  de  los  Munici- 
pioB.  Se  usa  corriente  altema,  su  trasmisidn  y  distribucidn  se  hace  por  conductores 
a^eos,  que  pueden  ser  relativamente  delgadoe  en  atenci6n  a  las  pocaa  cantidades  de 
eneigla  que  se  trasporta,  por  lo  cual  no  hay  tampoco  necesidad  de  altos  voltajes.  Laia 
empresas  que  hay  en  el  pais  usan  de  4,000  a  6,000  voltios,  la  de  Bogoti  usa  20,000. 

2.  La  electrieidad  como  fuerza  motriz  para  las  Hneae  de  iransporie. — Por  ahora  no  ea  de 
oportunidad  la  aplicacidn  aquf  de  la  eneigla  el6ctiica  a  las  vfas  de  transporte  (ferro- 
carriles), es  necesario  que  se  exploten  primeio  en  el  pals  loe  elementos  para  desarrollar 
grandee  cantidades  de  energia  el6ctrica  a  precio  barato;  adem^  aprovechar  la  expe- 
riencia  de  las  nacionee  que  principian  a  hacer  este  camblo  en  el  poder  de  tracci6n. 

La  electrificacl6n  del  Butte,  Anaconda  &  Pacific  Railway,  en  los  Estados  Unidoe, 
ha  sido  de  resultadoe  notables,  los  gastos  de  explotaci6n  sobre  los  de  tracci6n  por  vapor 
ae  ban  disminuldo  en  36.19  por  ciento,  el  trdfico  ha  aumentado  y  se  hace  con  m&s 
rapidez.  Eeo  si,  existen  alll  Compafilas  empresarias  en  condici6n  de  eapecialiatas; 
una  hizo  la  electrificacidn  y  otra  vende  la  potencia  el^trica  para  el  movimiento  de  los 
trenes. 

3.  Aplicadones  generales  en  alumhradoy  industrial  cale/accidn  y  usos  donUstieos,—lA 
eneigla  el^ctrica  se  usa  generalmente  para  alumbrado,  algo  para  mover  molinos  y 
pequeflos  establecimientos  industriales.  En  Bogota  se  aplica  tambi^n  en  una  fibrica 
de  cemento. 

4.  Electro-quimica  (no  comprendiendo  la  electro, milalurgia). — No  ha  tenido  uao  la 
electrieidad  en  eate  ramo  aqul,  por  lo  menos  que  se  tenga  conocimiento. 

5.  Comunxcadona  eUdricas;  teli/onoSf  teUgrafos  y  <€iia2e9.— Existe  en  Bogot& 
servicio  de  tel^fonos  pertenedente  a  una  Compafila  inglesa;  se  propende  por  eate 
aervido  en  los  campos^  donde  hay  algunaa  llneaa  para  usos  particularea.  En  todo 
el  pals  hay  iin  buen  aervido  de  teldgrafoa.  En  la  costa  existen  trea  eatadones  ina- 
l&mbricaa  que  ae  comunican  con  New  York.  Hoy  no  fundonan  por  motive  de  la 
guerra  europea. 

6.  Claves  y  ttpoi.— En  los  tel^graloa  ae  uaa  el  aiatema  Morse  y  en  el  inaULmbrico  el 
inter  nadonal. 

0.  IBBIGAa6N  T  DRBNAJB. 

1.  DejT^ntot.— Exiaten  dep6aitoB  en  laa  pobladonea  que  tienen  aervido  de  acue- 
ducto,  de  tamaflo  propordonal  al  gaato  de  agua  en  ellaa;  en  la  generalidad  de  laa 
pobladonea  ae  toma  el  agua  de  laa  corrientea  naturalea. 

2.  Caiierias  y  desagiUs.—^n  Bogota  ae  tiene  un  aervido  regular  de  acueducto, 
hoy  de  propiedad  del  Munidpio,  quien  tiende  a  mejorailo.  En  Girardot,  Honda, 
Barranquilla  y  Cartago  tambi^  hay  aervido  de  acueducto.  En  otraa  pobladonea 
el  aervido  se  hace  por  medio  de  fuentes  pdblicaa  aituadaa  en  laa  plazaa. 
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D.  INOBNIBBIA.  BANITAJtIA. 

1.  Cloaeoi. — ''Sifltema  do  dengQe  de  lofl  albafialee  y  diBposici6n  de  deeperdidofl; 
limpieza  de  calles:"  En  nuestraa  pobladonee  no  hay  servido  establecido  de  esta 
dase,  aolamente  en  Bogota  lo  hay,  male. 

B.  ABABTBODflBNTOS  MUNIOIFALBB  DB  AGUAB. 

Queda  expnesto  lo  referente  a  este  ramo  en  el  2  de  la  letra  G. 

V.  INOBNIBRiA  MBCXnIOA. 

Este  ramo  puede  dedrse  que  861o  se  ejercita  en  los  fenocaniles,  que  disponen  de 
talleree  regulares  adoptados  a  mis  necesidadee,  prindpalmente  los  de  la  Sabana  y 
Girardot. 

O.   NOMBNCLATUBA. 

Gomo  nuestros  libros  son  en  idiomas  extranjeros  carecemos  de  nomendatura  en 
eepafiol  y  nos  atenemos  en  general  a  la  inglesa. 

JcfnaUi, — ^El  jnredo  de  los  jomales  en  el  pals  varia  segtin  las  localidades  entre 
30  y  80  centavos  y  el  de  los  oficiales— <»rpmteros,  herreros,  albafiiles  y  canteroe— 
entre  60  centavos  y  $1.50. 

Ferbogabriles. 

Cdombia,  por  su  buena  aituaddn  topogrifica  y  otras  buenas  condidones,  puede 
aspirar  a  tener  un  servido  de  ferrocarriles  propordonal  al  de  la  Argentina;  para  con- 
seguirlo  debe  constniir  no  menos  de  7,500  millas,  que  al  predo  medio  de  $40,000  la 
milla  ($24,855  el  Idldmetro)  costar&n  $300,000,000,  y  como  d  Gobiemo  no  puede  ni 
podrd  atender  a  este  desembolso  con  sus  rentas  propias,  porque  las  consume  en  sub 
astos  ordinaries;  tampoco  puede  conseguir  empr^stitos  por  sumas  cua^tiosas,  y  menos 
en  la  actual  8ituad6n;  estos  son  motivos  para  que  haya  dirigido  su  acd6n  a  prestar 
todo  el  apoyo  posible  al  esfuerzo  particular;  subvendona,  por  ^ispo8id6n  legal,  cada 
kil6metro  construldo  con  $10,000  en  bonos  que  ganan  el  6  por  dento  anual,  amortizables 
con  el  10  por  dento  de  la  renta  de  aduanas;  no  cobra  derechos  de  importaddn  por  el 
material  que  se  introduzca  para  estas  obras,  y  estd  dispuesto  a  prestar  toda  clase  de 
apoyo  a  las  empresas  de  este  g^nero  que  revistan  seriedad. 

Los  Estados  Unidos  han  alcanzado  el  mejor  dxito  en  este  ramo;  su  procedimiento 
ha  side  levantar  empr^stitos  emitiendo  bonos  que  colocan  con  la  garantfa  de  los  mismos 
ferrocarriles,  sin  necesidad  del  respaldo  del  Gobiemo. 

En  vista  de  los  resultados  debemos  en  lo  posible  seguir  su  ejemplo. 

Al  entrar  en  la  prdctica  se  debe  construir  primero  la  Ifnea  que,  pasando  por  el  centro 
dd  pais,  una  los  ocednos  Atl^tico  y  Pacffico;  su  extensldn  serfa  de  1,243  millas  (2,000 
kil6metros);  deduciendo  lo  construldo  falta  por  construir  9d4  millas  (1,600  kilometros). 
Por  el  pnndpio  se  podrla  reducir  la  construcci6n  a  unir  d  Paclfico  con  d  Bajo  Mag- 
dalena,  construyeudo  435  millas  (700  kil6metros)  que  faltan,  distribuldos  entre  el 
Ghicoral  y  el  Vidle,  Bogotd  y  d  Bajo  Magdalena.  Se  complementarla  la  via  entre  los 
dos  mares  arr^lando  la  navegaci6n  de  este  rlo. 

Esta  llnea,  que  recorrerla  d  pals  a  lo  largo  de  norte  a  snr,  serla  d  e}e  de  donde 
partirlan  los  distintos  ramales  que  fueran  exigiendo  los  centros  de  prodncd6n  y  movi- 

miento. 

Fbrrooarrilbs  bn  la  AlciRIOA. 

Si  prevalece  la  doctrina  Monroe;  si  de  acuerdo  con  la  civilizaci6n  y  la  justicia  se 
respeta  todo  derecho,  de  manera  que  las  cuestiones  intemacionales  se  decidan  por 
tribunales  respetables  y  competentes,  la  construcci6n  de  ferrocarriles  en  America  no 
tiene  miu9  importancia  que  la  comercial;  i>ero  si  no  son  esas  las  pr&cticas,  y  teniendo 
en  cuenta  la  codicia  que  presenta  este  continente  a  los  otros;  que  el  territorio  de  las 
10  princix>ales  Repdblicas  de  Sur  Arnica  mide  7  miUones  de  millas  cuadradas  donde 
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cabrlan  seis  vecee  los  300,000,000  de  habitants  que  contieneD  las  20  naciones  de 
Euiopa,  con  exc^;>ci6n  de  Rueia;  en  este  caao  los  fenocaniles  en  Arnica  tendrfan 
una  importancia  may<»r.  La  red  de  f errocaniles  serfa  la  base  de  def ensa  de  la  Amdrica, 
que  convertirfa  la  invafli6n  armada  en  una  corriente  de  inmigraci6n  pacffica  y  civilU 
zada. 

Los  acontecimientoe  que  actoalinetite  -se  dasatK^ton  «n  Euiopa  dan  mucho  que 
temer  respecto  a  que  el  derecho  que  valga  sea  el  que  apoya  la  fuerza. 


THE  BEST  TYPE  OF  CONSTRUCTION  FOR  PIERS  AND  QUAYS  IN  WATER 
FRONTS  OF  GREAT  DEPTH  AND  SWIFT  CURRENTS. 

By  J.  F.  COLEMAN. 

The  title  of  the  subject  which  hasbeen  assigned  to  the  writer  raises  first  the  questions 
as  to  what  depths  maybe  considered  as  great  and  what  current  velocities  as  swift,  as 
these  terms  are  merely  relative.  Much  data  as  to  the  channel  depths  at  various 
ports  is  avaQable  In  the  report  by  Mr.  E.  L.  Corthell  to  the  International  Navigation 
Congress  in  1905;  in  information  conveyed  by  the  same  authority  to  the  Engineering 
News  as  shown  in  Volume  LVI,  No.  26,  of  that  periodical,  on  page  692;  in  Les  Ports 
du  Monde  also  by  the  same  author;  in  Sea  Port  Studies,  by  Mr.  Charles  Evan  Fowler; 
and  in  a  number  of  other  similar  papers.  Specific  infonnation  is  not  so  pflentifuUy 
distributed  in  technical  publications  as  to  depths  at  the  quay  or  at  the  pier  in  the  ports 
of  the  world ;  and  so  far  as  the  information  of  the  writer  goes  these  depths  at  the  several 
ports  are  generally  no  more  than  will  acconunodate  the  draft  of  the  largest  vessels 
which  may  enter  these  ports.  It  will  theTefore  be  assumed  for  the  purposes  of  this 
paper  that  depth  of  30  feet  or  more  at  the  quay  or  pier  is  ''great  depth  "  and  that  a  cur- 
rent velocity  of  4  feetj)er  second  or  more  provides  a  **swift  current." 

While  these  two  factors  are  highly  important  in  the  consideration  of  any  plans  for 
construction,  they  are  seldom  governing  factors. 

Treacherous  foundations,  unstable  banks,  the  amount  of  silt  earned  by  the  stream, 
and  other  adverse  conditions  enter  into  the  problem.  Usually  the  type  of  construc- 
tion must  be  determined  after  a  study  of  those  physical  peculiarities  and  difficulties 
which  are  of  local  natiure. 

As  the  exi>erience  of  the  writer  has  been  in  large  d^;ree  at  the  Port  of  New  Orleans 
and  on  the  lower  Mississippi  River,  and  as  the  Port  of  New  Orleans  a£fordB  both  ''great 
depth"  and  "swift  current"  under  the  definition  of  those  terms  which  has  been  here- 
inabove assumed,  the  writer  may  further  assume  that  a  description  of  some  of  the 
physical  conditions  at  this  port  and  an  outline  of  the  construction  methods  in  use 
might  be  of  interest  to  students  of  the  subject  represented  by  the  title  of  this  paper. 

A  typical  cross  section  of  the  Mississippi  River  at  the  port  of  New  Orieans  is  shown 
in  figure  1,  on  whidi  also  is  given  the  average  velocity  at  high  and  at  low  water  eleva- 
tions. This  river  flows  through  an  alluvial  basin  of  considerable  d^th,  borings  of 
1,600  to  2,000  feet  showing  no  other  material  than  alluvial  deposit.  The  river  bed 
and  banks  are  therefore  greatly  susceptible  to  erosion,  and  the  waters  of  the  river 
likewise  carry  heavy  burdens  of  silt.  For  the  reason  that  foundations  are  difiScult, 
that  restriction  of  the  cross  section  of  the  stream  is  dangerous,  and  that  depositions 
of  silt  are  considerable,  experience  has  demonstrated  that  pier  construction  in  any  form 
is  impractical  at  this  port.  The  instability  of  the  banks  and  the  difficulty  of  foimda- 
tions  render  it  equally  impractical  to  construct  quay  walls  of  masonry  in  the  manner 
customary  in  many  other  ports;  and  the  only  attempt  to  excavate  and  inaiTitam  a 
basin  or  slip  inside  of  the  river  bank  lines  at  New  Orleans  has  thus  far  proven  unsuc- 
cessful notwithstanding  the  expenditure  of  large  sums  of  money  thereon.  It  is  easy 
to  understand,  however,  that  what  is  impractical  at  New  Orleans  because  of  the 
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peculiar  conditionB  above  touched  upon  may  be  wholly  practical  and  desirable  at 
otherportswithasgreatotgreater 
depth  and  velocity,  and  therefore 
that  no  "beet  type  "  of  construc- 
tion may  be  specified  which  will 
be  equally  adaptable  to  all  ports. 

At  the  port  of  New  Orleans  the 
difference  in  elevation  between 
high  and  low  water  is  19.43  feet, 
which  is  due  to  river  conditions 
and  is  not  tidal.  ^(Vhile  the  ex- 
treme high  water  occurs  only  at 
intervals  of  several  years,  it  is 
neceesary  to  construct  wharves 
with  floor  elevation  above  high 
water,  not  only  for  the  efficiency 
or  usefulnesB  of  the  wharves  at 
such  periods,  but  also  because 
the  adjacent  river  bank  is  arti- 
ficially elevated  in  the  form  of  a 
levee  for  the  protection  of  the 
city  from  inundation  during 
freshets  and  it  is  a  phymcal  ne- 
cessity that  the  wharf  grade 
should  conform  to  that  of  the 
levee.  The  presently-establish- 
ed grade  for  floor  of  wharves  is 
8  feet  above  the  highest  water  of 
record.  The  low- water  eleva- 
tion being  19.43  feet  below  high 
water,  it  follows  that  at  the  period 
of  extreme  low  water  the  floor 
level  of  the  wharves  is  22.43  feet 
above  low  water.  The  channel 
through  the  jetties  at  Southwe^ 
Pass  will  permit  the  entrance  of 
a  vessel  drawing  as  much  as 
35  feet,  and  many  vessels  draw- 
ing 30  feet,  with  occasional  ones 
drawing  more  than  30  feet,  visit 
this  port.  It  is  therefore  neces- 
sary to  so  locate  the  wharf  line  as 
to  permit  the  docking  of  vessels 
of,  say,  35  feet  draft. 

As  has  already  been  stated,  the 
instability  of  banks,  difficulties 
of  foundations,  and  tendency  to 
silt  up  wherever  the  current  is 
impeded,  have  demonstrated  the 
impracticability  of  constructing 
piers;  for  which  reason  the  typi- 
cal construction  at  New  Orleans 
is  in  the  form  of  wharves  parallel 
with  the  axis  of  the  river  and  1 ' 

ranging  in  wiatn  irom60  to  90  feet.   These  wharves  are  built  of  creosoted  pine  piles,  witb 
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creoeoted  pine  braces,  caps,  and  stringers,  and  untreated  pine  decking,  according  to  a 
quite  simple  plan.  The  piling  have  a  penetration  of  30  feet  or  more  and  offer  com- 
paratively little  resistance  in  driving.  There  is  no  bearing  stratum  for  them  to  rest 
ui>on,  and  their  supporting  power,  which  is  from  8  to  10  tons  per  pile,  is  dependent 
wholly  upon  skin  friction.  Thus  far  no  better  plan  has  been  evolved  to  meet  the 
conditions  at  New  Orleans. 

For  the  purpose  of  illustrating  one  of  the  conditions  which  must  be  recognized  and 
dealt  with,  it  seems  in  order  to  describe  a  movement  which  was  observed  by  the 
writer  and  which  is  but  one  of  several  of  like  nature  which  have  occurred  at  different 
points  on  the  New  Orleans  River  front. 

A  wharf  had  been  constructed  according  to  the  standard  plans,  with  creoeoted  piling 
10  feet  on  centers  in  the  rows;  the  rows  8  feet  on  centers;  cape  12  by  12  inches;  string- 
ers 4  by  12  inches,  spaced  30  inches,  and  decked  with  3  by  8  inches  pine  decking.  The 
piling  was  amply  braced  in  both  directions,  and  a  triple-lap  sheet-pile  bulkhead  40 
feet  deep  was  driven  at  the  land  side  of  wharf. 

Partially  on  this  wharf  and  partially  on  the  filled  ground  in  the  rear  of  the  same  a 
one-story  steel  shed  had  been  erected,  with  20-foot  bays  and  five  columns  spaced 
37}  feet  centers  under  each  truss.  About  the  time  of  completion  of  this  latter  atruc 
ture  an  outward  movement  of  part  of  the  wharf  was  observed.  The  extent  of  the 
wharf  which  was  involved  in  this  movement  was  400  feet  in  length.  The  outward  or 
riverward  movement  at  the  center  of  this  frontage  was  first  some  2  inches  in  24  hours, 
.  gradually  increasing  to  24  inches  in  24  hours,  and  finally  tapering  off  to  no  movement 
when  the  wharf  had  moved  out  to  a  total  distance  of  some  20  feet  from  its  original 
position,  and  its  elevation  had  suosided  some  6  feet.  Before  the  movement  had 
attained  its  maTimnm  the  steel  shed  was  removed;  the  decking  and  stringers  of  the 
wharf  had  also  been  taken  off.  When  the  movement  had  expended  itself,  the  caps 
and  braces  were  removed  and  the  piles  pulled  out  with  a  derrick  boat.  The  wharf 
was  subsequently  rebuilt  in  its  original-position  with  original  materials,  according  to 
plans  and  has  not  caused  further  trouble,  although  7  years  have  elapsed. 

Immediately  subsequent  to  this  movement  bofings  were  made  about  50  feet  to 
landward  of  the  disturbed  area  and  also  in  the  midst  of  the  disturbed  area.  While  the 
material  in  this  alluvial  territory  appears  to  be  rather  in  pockets  than  in  strata,the 
borings  were  close  enough  to  each  other  to  probably  pass  through  the  same  pockets; 
and  so  ^  as  could  be  determined  from  the  samples  brought  up,  the  subsidence  of  6 
feet  shown  on  the  surface  had  extended  at  least  to  a  depth  of  100  feet  (which  was  the 
depth  of  the  borings)  and  all  indications  led  to  the  conclusion  that  the  seat  of  the 
trouble  was  in  the  strata  or  pockets  more  than  100  feet  below  the  elevation  of  the  deck 
of  the  wharf  and  consequently  below  the  extremities  of  the  piles  in  the  wharf.  As 
before  stated,  this  is  only  one  of  several  similar  movements,  and  so  far  as  known  to  this 
writer  no  means  has  yet  been  developed  whereby  either  the  location,  the  time,  or  the 
extent  of  such  a  movement  may  be  foreseen.  It  therefore  seems  clear  that  until  a  more 
<:ertain  knowledge  of  the  causes  of  such  movements  is  attained  and  a  means  of  prevent- 
ing them  is  devised,  ordinary  prudence  demands  that  the  type  of  construction  for  the 
wharves  should  be  such  as  to  lend  itself  most  readily  to  salvage  and  reconstruction. 
It  is  conceivable  that  a  construction  with  concrete  pUes,  if  subjected  to  such  a  move- 
ment, might  be  so  broken  up  and  projected  beyond  the  wharf  line  as  to  cause  expense 
imd  difficulty  in  the  removal  which  would  be  necessary  to  permit  the  landing  of 
vessels  against  the  reconstructed  wharf. 

It  will  be  realized  without  doubt  that  such  conditions  as  exist  at  New  Orleans  are 
flo  unusual  that  they  would  hardly  enter  into  the  general  question  as  to  what  may  be 
the  best  form  of  construction  for  wharves,  piers,  and  quays  at  other  ports  where  no 
such  conditions  maintain. 

On  the  other  hand  it  is  also  true  that  at  each  port  there  are  local  conditions  other  than 
depth  of  water  and  velocity  of  current  which  may  be  of  such  nature  as  to  make  them 
-*< governing^  conditions  in  determiming  the  nature  of  construction  to  be  adopted. 
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In  general  the  writer  is  of  the  conviction  that  when  local  conditions  will  permit  the 
construction  of  piers  or  the  excavation  of  basinB  or  slips,  they  are  better  than  quays 
for  the  reason  that  greater  economy  of  water  frontage  and  better  concentration  of 
facilities  to  be  provided  thereon  may  be  obtained.  If  foundation  and  other  governing 
conditions  will  permit,  it  seems  to  be  unquestionable  that  the  solid  filled  pier  with 
masonry  or  concrete  walls  more  nearly  provides  ideal  construction  inasmuch  as  such 
farm  of  construction  is  most  permanent  and  easily  maintained.  Another  form  of  pier 
construction  which  gives  good  results  in  deep  water  and  swift  velocities  is  that  in 
which  wooden  piling  are  driven  and  cut  off  at  or  below  the  low-water  line.  A  plat- 
form of  either  timber  or  concrete  is  then  laid  upon  the  piling  and  the  pier  walls  of  con- 
crete constructed  thereon,  after  which  the  inclosed  area  is  filled  with  earth  to  grade. 
If  the  water  in  which  such  construction  is  proposed  is  salt  water  and  infested  with 
teredo  or  other  wood  borers,  the  wooden  piles  would  have  to  be  substituted  by  concrete 
piles. 

In  water  heavily  charged  with  silt,  the  pier  or  basin  construction  will  prove  burden- 
some to  maintain  because  of  the  rapid  lilting  up  of  the  docking  places  between  the 
piers.  For  example,  in  the  ''Chalmette  Slip^  at  the  Port  of  New  Orleans,  which  is 
1,450  feet  long  and  300  feet  wide,  cross  sections  showed  the  accretions  for  60  days  in 
the  early  part  of  the  year  1916  to  be  76,000  cubic  yards. 

Where  the  channel  width,  current  velocity,  edlt-laden  water,  or  other  conditions 
render  the  pier  or  basin  impracticable,  if  other  conditions  permit,  it  seems  beyond 
argument  that  the  best  form  of  construction  is  the  masonry  wall  on  suitable  founda- 
tions and  with  solid  fill  behind,  while  the  least  desirable  form  is  that  of  a  wharf  built 
of  wooden  piles  and  superstructure  such  as  is  forced  by  circumstances  at  New  Orleans 
and  which  has  been  hereinbefore  described.  The  writer  has  made  studies  of  several 
other  types  of  wharf  construction  which  might  be  classed  as  intermediate  between  the 
masonry  quay  wall  and  the  wooden  pile  wharf.  Each  of  these  is  suitable  to  special 
conditions,  and  none  of  them  may  be  recommended  for  kll  places.  Some  of  them  may 
be  briefly  referred  to  as  follows: 

First.  Oreosoted  pile  substructure,  braced  as  necessary  and  covered  with  a  rein- 
forced concrete  slab  construction. 

Second.  Wooden  pile  foundations  cut  off  at  or  below  low  water  and  having  concrete 
columns  or  walls  to  support  a  concrete  deck. 

Third.  Concrete  piles  and  superstructure. 

The  details  of  design  for  any  of  these  types,  or  for  any  other  type,  must,  of  course, 
be  made  to  fit  the  local  conditions  or  requirements. 

Finally,  the  conclusion  of  the  writer  is  that  while  depth  of  water  and  velocity  of 
current  are  important  factors  in  the  design  of  piers,  quays,  or  wharves,  they  are  by  no 
means  controlling  ^tors,  and  that  in  each  particular  water  front  the  determination 
of  the  proper  form  of  construction  may  only  be  arrived  at  through  a  full  under- 
standing of  all  the  conditions. 

Discussion  of  Mr.  J.  F.  Coleman's  paper  ''Best  type  of  construction 
for  piers  and  quays  on  water  fronts  of  great  depth  and  swift  cur- 
rents," by  Chandler  Davis. 

The  mean  current  of  the  Missisidppi  River  at  high  water  of  4.1  knots  per  hour  is 
greater  than  the  swiftest  current  observed  in  the  North  River  off  Thirty-ninth  Street, 
New  York.  The  mean  current  at  low-water  stage  is  about  the  same  as  the  average 
velocity  of  the  North  River.  In  both  rivers  the  river  bottom  is  composed  of  silt  and 
the  piles  do  not  bring  up  in  driving,  their  beating  power,  therefore,  is  entirely  a  factor 
of  skin  friction,  which  experiments  have  ahown  can  be  safely  assumed  to  be  600 
pounds  per  square  foot. 

Piles  which  drive  easily  and  have  a  penetration  of  several  inches  under  the  last 
blow,  are  found  to  require  several  bbws  from  a  6,000-pound  hammer  before  they  can 
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be  pulled  or  before  they  can  be  driven  further  into  the  ground,  provided  they  hAve 
had  a  chance  to  set  foir  a  day.  Such  pil^,  part  of  a  pier  now  in  course  of  construction 
at  Tompldnsville,  Staten  Island,  spaced  4  feet  6  inches  by  10  fe^  centeJrs,  cafrjr 
besides  the  dead  load  a  live  load  of  500  pounds  per  square  foot  of  deck  surface  or  about 
12}  tons  per  pile.  The  water  in  which  this  pier  is  being  built  is  40  feet  deep,  the  bot- 
tom is  the  umial  silt  of  New  York  Harbor.  The  piles  are  specified  to  be  80  to  84  feet 
in  length,  14'^— 2'  by  ^"  measured,  exclusive  of  the  bark.  As  a  matter  of  fact  they 
average  about  84  feet  in  length.  The  piles  have  a  penetration  ubder  Uieir  own 
weight  of  about  20  feet,  and  an  additional  penetration  of  5  feet  under  the  weight 
of  pile  and  hatnmer;  they  are  cut  off  about  10  feet  above  mean  low  water  and  are 
therefore  driven  not  more  than  10  feet  into  the  more  resisting  bottom;  the  average 
penetration  under  the  last  blow  is  about  6  inches.  It  is  probable  in  this  case  that  the 
skin  friction  due  to  the  lower  10  feet  of  pile  carries  the  entire  load  of  12J  tons.  The 
average  tide  at  this  point  is  about  2  knots  an  hour.  The  work  is  being  carried  on 
about  800  feet  outshore  of  the  bulkhead  Une,  or  about  1,500  feet  outahore  of  the  old 
shore  line  of  the  island.  Immediately  north  of  this  extension,  under  exactly  similar 
conditions,  another  pier  was  completed  about  a  year  ago  extending  the  same  distance 
out  into  the  upper  bay,  and  carrying  a  one-story  shed ;  this  pier  shows  no  settlement. 

Most  of  the  work  which  is  done  in  the  North  River  and  the  westerly  shore  of  the 
upper  bay  at  New  Yoric  is  carried  on  under  conditions  similar  to  those  described .  It  is 
very  essential  to  make  a  thorough  examination  of  the  soil  on  which  the  proposed  work 
is  to  be  built.  Test  piles  are  driven  and  strata  borings  are  made  for  the  purpose  of 
developing  the  bottom  to  determine  what  foundations  will  be  required  for  the  work. 
Lagging,  either  double  or  single,  may  be  sufficient  to  make  the  wotk  safe.  It  is  not 
infrequent  that  an  artificial  bottom  is  made  by  depositing  riprap  and  cobble  over 
the  site  of  the  work  and  then  driving  the  piles  through  this  filling.  It  is  now  proposed 
to  spKce  the  piles  at  Staten  Island  so  that  they  will  be  of  sufficient  length  to  bring 
up  in  driving. 

Mr.  G.  S.  Greene,  jr.,  member  American  Society  Civil  Engineers,  and  fortnerly 
engineer  in  chief  of  the  New  York  Bock  Department,  designed  a  bulkhead  which  was 
a  floatLDg  wall  carried  on  riprap  and  cobblestone  deposited  over  the  entire  area  of  the 
work  before  construction  was  commenced.  The  North  River  has  an  underlying  layer 
of  liquid  silt  which  has  little  or  no  bearing  power  and  it  is  for  the  purpose  of  solidifying 
this  layer,  which  in  places  is  40  feet  thick  and  over,  that  riprap  and  cobble  are 
used.  The  walls  have  moved  outshore  and  have  settled,  but  the  movement  can  only 
be  measured  by  inches  and  fraction  of  inches  and  not  by  feet  as  happened  at  New 
Orleans.  The  greatest  settlement  of  the  wall  observed  was  about  4  feet,  near  West 
Twenty-third  Street,  North  River. 

One  can  hardly  compare  work  done  ih  a  tidal  rivet  like  the  Hudson  With  work  done 
in  the  Mississippi,  where  sudden  floods  are  liable  to  occur  and  the  engineer  must  be 
continxially  watching  the  reports  of  the  gauges.  In  the  former  case  the  engineer  has 
only  to  lay  out  his  work  and  carry  it  on  so  as  to  be  delayed  as  little  as  possible  by  the 
tides;  he  can  at  all  times  estimate  the  rise  and  fall  of  the  river  within  a  foot.  In  the 
latter  case  is  it  impossible  to  foretell  the  condition  of  the  river  at  any  time  in  the 
future  and  he  must  be  prepared  to  fight  the  elements  at  a  moment's  notice. 


SWLS  IN  RELATION  TO  ALL0WAW.1E  PRESSURE  THEKEON. 

By  ROBERT  A.  CUMMINGS, 
Civil  Engineer^  Pittsburgh^  Pa. 

Of  the  everyday  things  with  which  the  engineer  has  to  deal,  perhaps  less  con- 
sideration has  been  given  to  the  physical  limitations  of  the  ground  upon  which  struc- 
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tures  are  supported  than  to  any  other  factor.  Whether  or  not  this  apparent  neglect 
is  attributable  to  the  numerous  varities  of  conditions,  such  as  the  obscurity  and 
absence  of  scientific  data,  or  a  dependence  upon  personal  experience,  it  is  neverUielefls 
a  serious  omission.  Hence,  it  is  not  surprising  to  discover  that  of  all  the  available 
records  of  works  which  had  failed,  70  to  80  per  cent  of  them  refer  to  works  constructed 
in  ordinary  soils.  Doubtless  these  structures  were  designed  in  accordance  with  usual 
practice  or  from  data  found  in  engineering  books,  consequently  the  extent  of  the 
applicability  of  existing  theories  does  not  seem  to  justify  the  inclusion  of  all  materials 
that  may  be  encountered.  This  is  exemplified  by  the  diverse  opinions  of  eminent 
engineers  concerning  the  permissible  bearing  value  for  the  same  soil,  as  recorded  in 
the  paper  *  by  Dr.  Elmer  L.  Corthell,  Member  American  Society  Civil  Engineers, 
Member  of  the  Institution  of  Civil  Engineers,  etc. 

Moreover,  there  has  been  much  misleading  information  published  and  erroneous 
conclusions  drawn  from  tests  upon  soils  which  have  been  assumed  to  be  identical 
but  in  reality  are  fundamentally  different.  In  consequence  of  such  mistakes,  an 
apparent  distrust  has  developed  toward  the  subject  in  general  and  any  scientific 
investigation  in  particular.  Consequently,  the  inference  seems  to  be  reasonable 
that  the  present  limited  knowledge  of  the  physical  properties  of  soils  ia  largely 
responsible  for  the  failure  to  estimate  accurately  the  forces  with  which  the  engineer  has 
to  d^  in  designing  safe  iukI  efficient  foundations.  Perhaps  tib.ere  is  no  more  impor- 
tant property  of  soils  than  bearing  capacity  or  the  ability  to  sustain  superimposed 
loads,  whether  uniformly  or  unequally  distributed,  concentrated  or  applied  in  any 
manner.  To  the  practical  relation  of  the  properties  of  soils  and  the  allowable  pree- 
Biires  thereon,  there  can  be  no  definite  values  given  at  the  present  time  imlesa  the 
bearing  capacity  is  determined  by  direct  experiments  or  test  of  the  proposed  founda- 
tions. But  from  the  extensive  collection  of  data  in  the  book  ^  previously  referred 
to,  an  analysis  has  been  made '  from  81  examples  giving  the  following  results: 


Exam- 
ples. 


MateriaL 


Range  of  pres- 
sure, pounds 
per  square 
toot. 


Averaee, 
pounds 

per 
square 

root. 


Fine  sand 

Coarse  sand  and  gra\  el 

Band  and  clay 

Alluvium  and  silt 

Hard  clay 

Hard  pan 


4,500-11,600 
4,800-15,500 
5,000-17,000 
3,000-12,400 
4,000-16,000 
6,000-24,000 


9,000 
10,200 
9,800 
5,800 
10,160 
17,400 


The  average  allowable  pressure  is  regarded  as  low  and  the  safer  pressure  to  lie 
between  the  average  and  maximum  pressure.  No  settlement  was  indicated  in  these 
cases. 

Moreover,  since  the  requirements  in  public  building  codes  are  equally  at  variance 
with  each  other  and  with  such  optional  variations  in  permissible  bearing  capacities, 
it  is  a  hopeless  expectation  that  economy  and  skillful  or  uniform  practice  can  result. 

BBABINO  OAFACrTY. 

Bearing  capacity  of  soils  is  a  summation  of  a  number  of  physical  properties  rather 
than  of  any  single  property.  Perhaps  this  is  partly  due  to  the  fact  that  neither 
limiting  values  have  been  fixed,  nor  any  satisfactory  scheme  for  determining  such 
values  has  yet  been  devised. 

1  Published  in  Proceedings  of  the  Institution  of  Civil  Engineers,  Vol.  CLXV,  session  1905-6,  pt.  3,  and  In 
his  book  on  "Allowable  Pressures  in  Deep  Foundations,"  1907. 
« Allowable  Pressures  in  Deep  Foundations,  by  Dr.  E.  L.  Corthell. 
*  Foundations  of  Bridges  and  Buildings,  by  Jacoby  &  Da \  is. 
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RBIATION  OV  FHT8I0AL  COMPOSITION. 

The  importance  and  influence  of  physical  composition  in  relation  to  the  bearing 
capacity  of  soils  is  well  indicated  by  the  fact  that  few  engineering  difficulties  arise 
from  very  coarse  gravels  or  soils  composed  of  large-size  particles,  yet  their  bearing 
capacity  is  oftentimes  approximated  by  visual  inspection.  This  practice  is  equivalent 
to  a  rough  recognition  of  physical  composition.  With  sand,  the  reliability  of  bear- 
ing capacity  is  much  lower  than  gravels,  and  with  the  finer-grained  soils,  such  as 
silt  and  clay,  still  more  uncertainty  is  involved.  The  greatest  difficulty  arises  with 
the  very  fine-grained  soils.  In  bearing  capacity,  these  soils  have  always  been  known 
as  inconstant  and  treacherous,  but  when  permanently  dry  such  a  soil  i^ords  a  greater 
security. 

BSLATION  OV  WATBB  00NTBNT8. 

In  soils  composed  of  fine  particles,  the  exinting  and  possible  future  water  content 
of  the  soil  is  a  property  of  the  utmost  importance  to  bearing  capacity.  Certain 
deposits  when  dry  may  be  known  to  be  satisfactory,  but  when  in  a  saturated  condi- 
tion are  valueless.  But  still  a  percentage  of  water  content  may  be  found  which  will 
present  a  maximum  value  for  compactness  and  resistance  to  compression  or  bearing 
-  capacity.  The  presence  of  an  excess  of  moisture  in  fine-grained  soils  involves  the 
consideration  of  the  buoyant  e£fect  of  the  foundation  material  and  the  upward  reaction 
of  the  soil  due  to  the  displacement  by  the  foundation  structure. 

There  are  many  illustraticms  of  tiiis  phenomenon.  In  deep  work,  friction  and 
buoyancy  may  be  allowed  for  in  the  computations  for  the  design  of  foundations.  The 
relation  of  water  content  is  largely  an  uninvestigated  phase  of  the  subject. 

SETTLEMENT. 

The  bearing  capacity  of  a  given  soil  is  not  fixed  by  ultimate  failure,  but  ordinarily 
by  a  sort  of  '* yield-point"  phenomenon  represented  by  a  rapid  increase  in  settlemoit 
or  compression.  Experiments  have  not  been  carried  far  enough  to  show  whether  this 
is  in  all  cases  a  satisfactory  criterion.  In  any  event,  its  occurrence  is  greatly  influ- 
enced by  the  water  content  and  its  physical  composition. 

LUCITATIGNS  OF  BEABING  CAPACITT. 

In  some  cases  a  soil  is  limited  in  bearing  capacity  by  the  amount  of  its  compressioD 
rather  than  by  an  increase  in  the  rate  of  compression  or  subsidence.  In  certain  tests 
a  total  compression  of  about  one-half  inch  has  been  considered  to  define  a  limiting 
load,  a  practical  failure  load,  without  regard  to  yield  point.  Many  structures,  how- 
ever, experience  as  much  as  2  inches  settlement  of  the  surface  under  the  dead  load 
of  the  growing  structure  and  no  ill  results  become  apparent.  The  relation  of  total 
compression  to  bearing  capacity  and  the  rate  of  compression  are  thus  largely  unex- 
plored subjects. 

A  large  amount  of  settlement  involves  the  special  risk  of  inequality  of  settlement 
at  different  points  of  the  same  foundation.  Of  two  compressible  soils,  the  one  having 
the  more  uniform  compressibility  is  capable  of  bearing  the  higher  load  under  practical 
conditions,  as  in  such  cases  it  is  usually  easy  to  adjust  the  loading  to  practical  uni- 
formity. 

It  is  worth  noting  that  generally  soils  having  high  compressibility  require  methods 
for  securely  confining  the  soil  voliune  directiy  under  the  load  and  against  lateral 
displacement. 

NATUBAL  AND  BECOMPACTED  SOIL. 

In  making  tests  and  scientific  studies  of  soils,  as  well  as  in  actual  construction,  it 
is  necessary  to  deal  with  soil  as  found  in  place  and  also  with  soil  loosened  and  recom- 
pacted.  In  practical  work  it  is  also  necessary  to  deal  occasionally  with  artificially 
compacted  natural  soil.    The  relations  of  the  various  physical  properties  in  different 
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degrees  of  compacting  are  not  known,  and  their  determination  10  a  neceasary  prelimi- 
nary  to  any  extensive  work  in  the  study  of  soils  by  sampling  and  testing.  Sampling 
nearly  always  involves  changes  in  structure  and  any  testing  or  retesting  of  the  same 
eample  of  soil  involves  recompacting. 

SOIL  SAlfPLINO. 

The  design  of  a  satisfactory  method  of  securing  samples  of  soil  and  an  instrument 
to  carry  out  this  method  is  a  problem  of  importance.  It  has  not  yet  been  solved  sat- 
ie&tctorily  in  any  way  except  by  retention  of  the  old  methods  of  agronomists.  Such 
methods  are  crude  and  imwieldy  and  disturb  the  original  soil  structure. 

TB8TINO  FOB  BBABINO  OAPACnT. 

Devising  a  satis&tctory  method  and  instrument  for  testing  bearing  capacity  is  also 
impcvtant.  This  applies,  first,  to  tests  on  beds  well  below  the  surface,  and,  second, 
tests  of  samples  of  soil  or  the  surface  itself.  A  simple  standardized  instrument  has 
been  used  for  determining  time-pressure  penetration.  This  apparatus  consists  of  a  pipe 
passing  through  a  imiversal  jointed  damp  and  guide  which  is  attached  to  the  head  of 
a  transit  tripod  to  guide  the  pipe  to  vertical.  Into  the  lower  end  of  the  pipe  is  attached 
flat  disks  of  any  diameter.  The  central  part  of  the  diaft  carries  a  pressure  spring  con- 
tained in  a  casing.'  Below  the  casing  is  a  sliding  friction  index  which  indicates  the 
distance  the  presssure  spring  is  compressed  and  the  amount  of  the  pressure  applied  in 
pounds.  A  large  flanged  slidiog  index  at  the  lower  end  of  the  shaft  is  made  very  heavy 
and  is  placed  at  the  ground  line.  As  the  disk  is  forced  into  the  ground  the  flanged 
index  is  moved  along  the  shaft  and  records  the  distance  penetrated.  As  an  alternative 
to  this  arrangement,  a  plain  pipe  may  be  used  with  the  tripod  head  and  carrying  a 
platform  to  which  metal  weights  may  be  added  as  desired,  but  such  an  arrangement 
is  not  very  convenient. 

A  suitable  apparatus  also  is  used  at  Montreal  water  works  for  making  practical 
tests  of  bearing  capacity  below  the  surface  of  the  groimd. 

In  using  either  of  these  apparatus  a  loose  fit  or  minimum  clearance  between  the  plim- 
ger  and  the  sides  is  necessary  to  avoid  possible  settlement  errors  from  displacement. 
Open  spaces  around  the  plunger  involve  error  unless  back  filled.  The  length  of  time 
the  tests  should  extend  will  be  governed  by  the  circimistances  of  the  case.  As  the 
loading  and  unloading  of  the  test  weights  proceed,  careful  records  of  the  elasticity 
of  the  soil  should  be  measured  following  short  periods  of  rest. 

SURFACE  AND  BBLOW  SUBFACB  TESTING. 

To  whatever  extent  tests  may  be  conducted  upon  the  surface  of  soUb,  the  usefulness 
of  the  data  is  limited,  because  the  foundations  of  engineering  structures  are  built  far 
below  the  surface  and  upon  a  variety  of  material.  Further,  the  deportment  of  soil 
under  load  at  the  surface,  where  opportimity  for  possible  displacement  exists,  may 
be  quite  different  from  that  of  a  few  feet,  or  even  a  few  inches,  below  the  surface. 
This  is  clearly  shown  in  the  well  known  action  of  sand  "jacks"  for  bridge  centering 
where  a  slight  pressure  over  a  hole  in  the  ''jack"  will  withhold  heavy  loads  or  by 
the  flow  of  dry  sand  through  openings  which  may  be  stopped  by  the  formation  of  a 
slight  ''head."  Since  ground  resistance  at  the  surface  and  ground  resistance  under 
cover  are  different,  the  resistance  of  the  actual  foundation  soil  is  not  indicated  by  a 
test  made  upon  the  open  surface.  Static  tests  for  bearing  capacity  should  be  made 
below  the  top  of  the  ground  on  the  actual  foundation  soil  and  the  trench  or  pit  back 
filled.  The  testing  apparatus  should  be  securely  guyed  or  braced  against  rocking  or 
vibration  to  avoid  a  probable  reduction  of  bearing  capacity. 
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PENETRATION  LOAD  TESTING. 

Resistance  to  the  penetration  of  a  pointed  tool  is  known  to  be  a  measure  of  the 
cohesion  of  the  soil  particles.  Hence  the  acceptance  and  adoption  of  a  standardized 
instrument  will  facilitate  the  interpretation  of  soil  values. 

PRESENT  DBYELOPMENT. 

The  factors  which  are  already  indicated  lead  to  the  belief  liiat  scientific  study  may 
furnish  a  solution  of  the  soil  loading  and  foundation  problem.  But  for  the  time  being 
the  present  practice  of  judging  of  bearing  capacity  by  visual  inspection  coupled  with 
personal  experience  or  the  practice  of  measuring  the  bearing  capacity  of  sails  by 
direct  load  test  must  continue. 

Mdking  load  tests  of  soils  has  been  practiced  by  the  more  careful  engineers  for  some 
time  past.  Such  tests  furnish  a  safe  and  reliable  method  of  proportioning  founda- 
tions and  of  adapting  the  nature  of  the  foundations  to  the  peculiarities  of  the  site 
and  soil.  This  practice  may  be  regarded  as  scientific  and  a  coraect  method  of  dealing 
with  soil  loadings,  but  it  is  expensive  and  inconvenient. 

It  is  therefore  necessary  that  the  methods  of  making  such  tests  should  be  carefully 
studied  and  reduced  to  a  standard  procedure.  Many  of  the  tests  of  Uus  kind  that 
have  been  made  show  serious  errors  which  vitally  a£fect  the  value  of  the  figures 
obtained.  But  other  factors  to  be  considered  are  the  permanency  of  the  water  level 
and  the  thickness  and  inclination  of  the  substrata.  The  following  is  an  extract  from 
the  building  regulations  (1912)  of  the  Borough  of  Manhattan,  New  York: 

The  soil  shall  be  tested  in  one  or  more  places  as  the  conditions  may  determine  or 
warrant,  at  the  level  at  which  it  is  proposed  to  place  the  bottom  of  tne  foundations 
of  the  structure.  Each  test  shall  be  made  so  as  to  load  the  soil  over  an  area  of  not  less 
than  4  square  feet  in  any  oneplace.  The  accepted  safe  load  shall  not  exceed  two- 
thirds  of  the  final  test  load.  The  loading  of  the  soil  shall  proceed  as  follows:  (a)  The 
load  per  square  foot  which  it  is  proper  to  impose  upon  the  soil  shall  be  first  applied 
and  allowed  to  remain  for  at  least  48  hours  imdiatuii>ed>  measurem^its  or  reaoin^ 
being  taken  once  each  24  hours  or  oftener  to  determine  the  settlement,  if  any;  (5) 
after  the  expiration  of  the  48  hours  the  additional  60  per  cent  excess  load  shaU  be 
applied  and  the  total  load  allowed  to  remain  undisturbed  for  a  period  of  at  least  six 
days,  careful  measurements  and  readings  being  taken  once  in  24  hours,  or  oftener, 
in  order  to  determine  the  settlement.  -The  test  shall  not  be  considered  satisfiEu:tory 
or  the  result  acceptable  imless  the  proposed  safe  load  ^ows  no  appreciable  settlement 
for  at  least  two  days  and  the  total  test  shows  no  settlement  for  at  least  four  days. 

PtJTURB  DEVELOPMENT. 

The  most  casual  review  of  current  technical  literature  reveals  much  confusion  in 
the  description  of  soils  or  their  properties.  Thus,  it  appears  that  the  common  tech- 
nical vocabulary  is  inadequate  to  convey  a  satisfactory  description  of  groimd  con- 
ditions. For  instance,  in  a  certain  treatise  on  the  subject  of  foundations  more  than 
50  vague,  indefinite,  and  separate  adjectives  are  employed  to  describe  foundation 
clay,  and  more  than  60  to  describe  foundation  sand.  Consequently,  an  exact  defini- 
tion of  soils  and  their  properties,  which  will  be  readily  understood  in  any  locality, 
is  a  much  needed  desideratum. 

The  spirit  of  progress  demands  that  such  an  imperfect  state  of  knowledge  of  founda- 
tion soils  should  not  continue.  Besides,  why  can  not  soils  be  defined  so  as  to  convey 
a  clear  conception  of  their  physical  characteristics?  Again,  is  it  not  discreditable 
to  hear  the  plausible  and  customary  excuse  for  settlements,  cracks,  and  recurrent 
failures  of  structures  attributed  to  the  uncontrollable  action  of  "Mother  Earth," 
instead  of,  to  negligence  or  ignorance  in  methods  of  foundation  design?  To  clear  up 
such  ambiguity,  the  laws  governing  the  physics  of  soils  must  be  determined,  and 
these  can  only  be  realized  by  a  thorough  scientific  investigation  of  the  problem  in  all 
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its  phases.  No  more  fundamental  work  confronts  us  to-day  than  the  classification 
and  correlation  of  the  physical  characteristics  of  soils.  It  should  be  a  national  under- 
taking. 

But  within  the  last  few  years,  a  beginning  has  been  made  of  scientific  study  of 
the  physics  of  soils  which  has  been  directed  along  the  following  lines: 

First.  The  origin,  formation,  and  classification  of  soils. 

Second.  The  physical  charactedstics  of  soils  in  relation  to  the  engineering  struc- 
tures. 

The  first  object  is  to  define  soils  in  unmistakable  terms;  and  the  second  object  is  to 
furnish  a  basis  for  practical,  simple,  and  sufficiently  correct  data  to  govern  the  proper 
design  and  stability  of  engineering  structures.  Still,  it  must  necessarily  be  understood 
that  in  a  brief  paper  of  this  nature,  the  various  phases  of  the  subject  can  only  be  con- 
flidered  in  a  fragmentary  manner. 

THE  GENESIS   OF  SOILS. 

In  the  de>relopment  of  the  earth's  crust  rocks  have  been  formed  by  the  aggregation 
and  consolidation  of  various  minerals.  These  rocks  in  their  turn  have  been  subjected 
to  physical  disintegration  and  chemical  decomposition  by  atmospheric  and  other 
natural  agencies,  called  rock  weathering.  8ome  of  the  residual  products  of  rock 
weathering  are  the  unconsolidated  clays,  silts,  sands,  and  gravels,  etc.,  which  cover 
the  surface  of  the  underlying  rock  and  are  here  defined  as  the  soil.  Thus,  the  soil 
has  the  same  mineralogical  constituents  as  the  rocks  from  which  it  has  been  derived, 
except  where  chemical  action  has  leached  out  the  lees-reeisting  minerals. 

The  relative  predominance  of  physical  disintegration  or  chemical  decomposition 
will  vary  with  the  locality.  For  instance,  under  the  influence  of  moisture  and  heat, 
chemical  decomposition  will  predominate  in  humid  tropical  regions,  where  the 
heavy  clay  soils  occur,  while  physical  disintegration  is  the  dominant  process  in 
arid  and  arctic  climates.  Consequently,  the  properties  of  the  soils  will  vary,  although 
they  may  be  formed  from  the  same  kind  of  rock.  For  example,  the  granite  rocks  of 
the  humid  Appalachians  of  the  South  form  a  fine-grained  clay  soil,  while  similar  gran- 
ites of  the  arid  Sierras  form  a  coarse  granular  product. 

PHYSICAL  DI8IMTEGKATI0N. 

The  process  of  physical  disintegration  of  rock  is  concerned  with  (1)  temperature 
changes  by  unequal  expansion  and  contraction  of  the  rock  minerals  from  heat  and 
cold.  A  frequent  repetition  of  this  action  or  a  sudden  change  in  temperative  causes 
the  crumbling  of  the  exposed  siurfaces  of  the  rock.  The  efiect  is  greatest  where  the 
diurnal  or  seasonal  range  of  temperature  is  a  maximum.  The  maximum  diurnal 
range  of  temperature  occurs  in  desert  regions  and  the  maximum  seasonal  range  in 
the  northern  climates;  (2)  alternate  expansion  and  contraction  from  freezing  and 
thawing  the  int«rsticial  water  in  the  pore  spaces  of  the  rock;  (3)  the  abrasive 
action  of  flowing  water  or  wave  action,  when  carrying  soil  particles;  (4)  the  action  of 
the  wind  when  projecting  fine  soil  particles  against  rocks;  (5)  glacial  action  in  crush- 
ing and  comminuting  rocks  into  "glacial  flour"  and  the  formation  of  moraines  from 
rock  debris;  (6)  in  a  limited  degree  by  the  mechanical  action  of  organic  life. 

CHEMICAL  DECOMPOSmON. 

The  process  of  decomposition  is  largely  concerned  with  the  chemical  action  of  water 
and  air.  The  most  important  chemical  reactions  are  (1)  hydration,  (2)  carbonation, 
(3)  oxidation,  and  (4)  solution.  These  reactions  usually  cause  an  increase  in  volume 
of  and  the  disintegration  of  the  rock  minerals.  Since  an  increase  in  temperature 
also  increases  the  solvent  power  of  water,  a  warm  moist  climate  is  most  favorable  to 
the  chemical  decomposition  of  rocks;  whereas  the  mechanical  processes  of  soil 
formation  are  more  noticeable  in  dry  and  cold  climates. 
68436— 17— VOL  vi 20 
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PHYSICAL  COMPOSITION. 

From  the  physical  point  of  view  the  particles  of  soil  vary  In  size  and  shape.  Tlie 
sizes  of  particles  may  be  grouped  tentatively  in  five  primary  grades,  as  in  the  attached 
table.    But  each  may  be  arranged  in  coarse,  medium,  and  fine  subdivisions. 


Sise  grade. 

ScrtsiM— Diameter  of 

Peaed. 

Aetoined 
on. 

ShHiRlt 

04.0 
&0 
LO 

.126 

.015 

Mm, 

8.0 
1.0 
.126 

.016 

Pebble 

Do. 

Orit 

Aaramed  limit  for  holding  wtter  ie 

A«amcd°iimit  i6r  ooegoIabiUty  by  a 
»lt  eolation  it  OXSmm. 

Dost 

Separations  into  uniform  size  grades  are  made  by  the  wet  sifting  process.  Sheet* 
metal  screens  having  circular  openings  are  employed  for  the  coarse-grit  grades  and 
larger.  Hydraulic  elutriation  methods  are  used  for  separating  the  medium  grit  grade 
and  finer. 

SHAPE   OF  PARTICLES. 

The  particles  of  soil  may  have  sharp,  normal,  rounded,  or  corroded  surfaces.  Since 
the  largest  diameter  of  a  soil  particle  determines  the  size  grade  into  whidi  it  will  be 
placed,  it  is  evident  that  the  shape  of  the  particle  will  have  considerable  influence. 
For  example,  if  a  shot  were  flattened,  the  size  of  the  hole  through  whidi  it  will  then 
pass  would  be  greatly  increased.  The  presence  of  fiat  particles  in  soils,  which  have 
been  derived  from  micaceous  and  other  rocks,  may  differentiate  the  soil  from  the  ordi- 
nary soil  as  indicated  by  the  mechanical  analysis. 

MINERALOGICAL  COMPOSITION. 

The  mineralogical  nature  of  the  soil  largely  depends  upon  the  rock  from  which 
it  has  been  derived,  through  the  mechanical  or  chemical  processes  of  formation.  In 
the  soils  of  the  arid  and  glacial  regions,  a  variety  of  minerals  is  usually  found,  and  in 
the  humid  r^ons  quartz  and  the  hard  minerals  predominate.  Sudi  soft  minerals 
as  talc,  kaolinite,  chlorite,  and  mica  may  exercise  a  decided  influence  on  the  cohesion 
and  other  physical  characteristics  of  soils,  especially  in  landslides  or  soils  under  pres- 
sure and  in  the  presence  of  considerable  moisture.  The  subject  is  practically  unex- 
plored. 

CHEMICAL  COMPOSITION. 

Chemically  speaking,  the  soil  varies  with  its  mineral  constituents,  but  differences 
in  chemical  composition  have  a  very  limited  practical  effect,  except,  possibly,  to 
distinguish  between  calcareous,  alkaline,  ferruginous,  or  siliceous  soils. 

PHYSICAL  PROPERTIES. 

Physical  properties  that  have  the  most  ilnportant  influence  in  soil  classification  are 
texture,  structure,  and  water  content. 

WATER  CONTENT. 

It  has  been  shown  by  laboratory  investigations  ^  that  the  magnitude  of  any  physical 
measurement  of  soil  changes  varies  with  the  water  content.    The  extent  of  the  varia- 

1  Cameron  &  OaUagher,  U.  S.  Dept.  Agriculture. 
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tion  is  influenced  by  the  texture;  that  is,  fine  texture  soils  are  more  influenced  than 
those  of  coaree  texture.  Furthermore,  that  there  is  a  critical  water  content  at  which 
the  physica]  properties  of  the  soil  attain  either  a  maximuTn  or  minimum  value. 

The  quantitative  measurement  of  moisture  retentivity  has  beeiv  determined  by 
subjecting  the  soil  to  a  omstant  measured  fcnrce,  sufficient  in  magnitude  to  remove  the 
water  held  in  the  larger  capillary  spaces.^  This  method  was  suggested  to  avoid  the 
difficulty  caused  by  disturbing  ^e  natural  structure  of  samples  for  physical  investi- 
gations. It  is  accomplished  by  placing  the  samples  in  perforated  cups  and  subjecting 
the  same  to  centrifugal  force  of  a  standard  magnitude,  imtil  the  soil  moisture  is  brought 
into  a  state  of  capillary  equilibrium.  The  percentage  of  water  retained  is  the  maxi- 
mum against  the  standard  force  and  la  designated  by  the  term  *' moisture  equivalent.'' 
The  moisture  equivalent  may  vary  from  2  per  cent  for  coarse  sands  to  50  per  cent  or 
more  for  the  heaviest  clays.  The  method  has  been  mentioned  here  as  it  might  be 
f  oimd  desirable  in  establi^iing  the  relationships  in  soil  physics  between  moisture  and 
other  properties  and  classification.  But,  in  the  absence  of  complete  data  and  standard 
procedure,  careful  sampling  and  the  evaporation  method  for  determining  the  per- 
centage of  moisture,  it  is  reliable  and  satisfactory.  The  percentages  of  moisture  in  soils 
may  be  tentatively  fixed  for  classification  purposes  as  follows: 

Water  content. 


Degree. 

Percent 
by  weight. 

Tfnm^A 

Oto   5 
5  to  10 
10  to  15 
15  to  35 
25 

Damp 

Motef 

Wet 

Saturated 

TBXTUBB. 

Texture  refers  to  the  relative  proportion  of  the  different  size  grades  of  paridcles  and 
is  constant.  Thus,  texture  is  a  property  that  can  be  used  as  a  basis  of  classification. 
Moreover,  texture  is  an  important  factor  upon  which  many  physical  properties  depend. 
According  to  texture,  soils  are  arbitrarily  classified  into  such  textural  classes,  as  sandy, 
sandy  loam,  loam,  clay  loam,  clay,  etc.  The  presence  of  larger  fragments  of  rocks 
will  modify  the  textuial  class  by  introducing  stony,  shaly,  cr  slaty  members.  The 
number  of  textural  classes  that  shall  be  made  must  depend  upon  the  differences  in 
physical  properties,  as  influenced  by  the  size  grades  and  the  extent  to  which  it  is 
desired  to  carry  the  divisions.  The  mathematical  limits  for  the  textural  classes  given 
in  the  accompanying  diagram  are  those  recognized  by  agronomists,  but  the  limits  for 
other  classes  which  may  be  met  with  in  engineering  practice  have  not  yet  been 
determined. 

It  should  be  noted  from  the  diagram'  that  a  clay  soil  has  only  an  average  of  one-half 
the  percentage  of  size  grade  required  to  class  a  sandy  soil.  This  illustrates  the  pre- 
dominating influence  that  the  extremes  in  size  grades,  especially  the  finer  particles, 
have  upon  the  physical  properties  of  the  soil.  If  each  size  grade  into  which  the  soil 
is  grouped  had  the  same  influence  in  determining  the  physical  properties,  it  would  be 
easy  to  deduce  from  the  mechanical  analysis  the  exact  textural  class  into  which  a 
soil  having  a  given  composition  should  be  placed.  But  such  is  not  the  case.  The 
flour  grade  is  predominantly  the  most  important  constituent  and  it  is  the  only  grade 
that  gives  coherence  and  plasticity.  It  is  not  difficult  to  detect  the  difference  in 
sandy  soils  having  6  per  cent  and  10  per  cent  of  flour  grade,  but  one  would  scarcely  be 
able  to  discern  between  two  soils  containing  5  per  cent  and  10  per  cent  of  coarse  grit 


1  BriggB  &  MoLane,  Bull.  45,  U.  S.  Dept.  Agriculture. 
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grades,  reepectively.  The  addition  of  5  per  cent  of  the  finest  particlet  to  a  sandy  soil 
has  quite  a  marked  influence  upon  the  relation  of  that  soil  to  its  phystcal  characteris- 
tics, while  the  addition  of  15  or  20  per  cent  of  grit  grades  to  a  flour  grade  produces  very 
little  effect.  WJien  a  soil  contains  enough  flour  grade  to  fill  all  the  interstitial  qpacea 
between  the  coarser  particles,  the  addition  of  more  flour  grade  does  not  seem  to  have 
as  great  an  effect  upon  its  properties  as  when  the  pwcentage  of  flour  grades  is  beloir 
that  amoimt.^ 

Hence,  mechanical  composition  is  a  measure  for  teztural  classification  and  it  may 
be  subdivided  or  adapted  to  any  amount  of  detail,  but,  since  it  is  quite  probable  ths^ 
other  soils  may  be  found  of  similar  mechanical  composition,  it  is  here  emphasized 
that  other  prc^>erties  than  texture  must  be  considered  for  a  satisfactory  definition  and 
classification. 

STEUCTURE. 

Structure  refers  to  the  arrangement  of  the  particles  and  is  a  variable  property.  It 
may  be  loose  and  porous  or  compact  and  impervious. 

The  structure  of  a  very  coarse  sand  or  gravel  can  not  be  materially  altered.  The 
particles  in  the  main  function  individually  and  they  have  a  sufficient  mass  so  that 
they  fit  together  in  such  a  way  as  to  give  about  the  same  degree  of  porosity. 

Clay  soil,  on  the  other  hand,  may  fit  very  loosely  or  be  very  compacted;  the  par- 
ticles may  be  largely  separated  and  free,  or  they  may  be  gathered  together  in  groups 
or  granules  which  function  together  as  a  single  large  particle.  There  may  be  large 
and  small  pores  or  there  may  be  only  pores  of  very  small  diameter,  as  when  in  a 
puddled  clay  the  mass  has  been  mixed  together  in  contact  with  water.  Then  the 
spaces  between  the  large  particles  are  filled  in  successively  by  smaller  and  smaller 
particles,  and  a  very  dense  and  impervious  mass  results.  This  condition  is  aimed 
at  by  the  ceramist,  who  desires  that  cohesion  of  his  product  which  will  render  it 
rigid  and  impervious.    It  is  a  thoroughly  puddled  condition .^ 

CLASSIPIOATION    OF  SOILS. 

In  any  study  relating  to  natural  objects  a  satisfactory  classification  is  always  difficult 
to  arrange,  because  the  various  elements  merge  into  others  by  almost  imperceptible 
gradations.  No  sharp  lines  of  di^i6ion  exist  and  such  as  are  made  must  be  more  or 
less  arbitrary.  A  satit^factory  classification  must  be  based  upon  the  invariable  and 
important  properties  of  material  classified.  Soils  have  been  variously  classified  imder 
geological,  ecological,  chemical,  climatic,'  and  other  classifications,  no  one  of  which 
is  entirely  satisfactory  from  an  engineering  point  of  view. 

Yet,  accurate  information  in  regard  to  the  nature  of  soils  is  so  fundamental  that 
classification  is  necessary  for  interpreting  their  characteristics  and  the  final  solution 
of  the  problems  in  soil  physics.  For  this  purpose,  the  ess^itial  factors  that  produce 
dfferencesin  soils  should  be  arranged  in  the  order  of  their  infiuence;  while  at  the  same 
time,  the  ready  identification  of  these  properties  in  the  field  is  of  the  greatest  impor- 
tance. At  present,  it  is  not  practicable  to  prescribe  definitely  the  limits  of  particular 
groups.  Future  study  and  discussion  are  required  to  account  for  differences  conctfn- 
ing  tJie  materials  in  any  of  the  groups:  Climatic  conditions  in  producing  rock  weather- 
ing while  directly  connected  with  the  origin  of  soils  is  of  restricted  importance  and 
service  from  a  physical  viewpoint. 

Since  rocks  are  the  source  of  the  soil  constituents,  differences  in  soils  may  be  traced 
to  two  groups  of  factors:  First,  soil  forming  material,  and,  second,  the  processes  by 
which  rock  has  been  changed  into  soil. 

With  refer^ice  to  differences  in  soils  which  are  due  to  the  soil-forming  material 
factor,  these  depend  upon  the  kind  of  rock  from  which  the  soil  has  been  dmved. 

1  Coffey,  Q.  W.,  U.  S.  Dept.  Agrioalture.  *  Journal  of  Am.  Soo.  Agronomy,  No.  6,  vol.  6, 1914. 
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ThiB  would  lead  to  a  claasifyiiig  of  soils  as  granite,  sandstone,  shale,  slate,  marl,  marble, 
or  limestone  soils.  But  the  same  kind  of  rock  does  not  always  give  the  same  kind  of 
soil,  80  that  this  factor  is  incomplete  in  itself. 

In  connection  with  the  second  factor,  the  processes  oi  fc»rmation,  soils  are  classified 
into  sedentary  soils,  which  are  derived  directly  from  the  degeneration  (tf  the  under- 
lying rock,  and  transported  soils,  which  are  derived  from  unconsolidated  material 
and  transported  since  it  was  broken  down.  These  may  be  further  subdivided  into 
CoUuvial,  Alluvial,  Aeolian,  and  Glacial.  The  different  agencies  in  the  transpor- 
tation of  soil  material  determine  to  a  large  extent  its  character. 

SYSTEM  OF  BOIL  CLASSIFICATIONS. 

The  Regoliih  {soU). 

[Oroap  divlsioiis.    Factors,  derfratkm  of  material.] 
Sedentary: 

Residual — 

Igneous  rocks,  sandstone,  quartzite,  shale,  slate,  limestone,  marble,  uncon- 
solidated marl,  clays,  sands,  gravel. 
Cumulose — 

Peat,  muck,  and  swamp  in  part. 
Transported: 
Alluvial — 

Alluvial  (streams),  recent  alluvium,  loess,  and  adobe  in-  part. 
Lacustrine  (lakes),  marsh  and  swamp,  terrace  and  beach,  deposits. 
Marine  (oceans),  salt  marsh,  swamp  deposits,  sea-beach  sands,  estuarian  clays. 
CoUuvial — 

Talus  and  cliff  debris,  hillside  accumulations. 
Glacial — 

Morainal  material,  drumlins,  bowlder  clay  or  till  drift. 
Aeolian — 

Sand  dunes,  loess,  and  adobe  in  part,  volcanic  dust. 
Series  divisions: 

Factors,  water  content — 

Humid,  0-6  per  cent;  damp,  5-10  per  cent;  moist,  10-15  per  cent;  wet,  15-26 
per  cent;  saturated,  26  per  cent. 
Phase  divisions: 

Factors,  specific  conditions — 

Structure,  porous,  impervious,  etc. 
Mineralogical,  micaceous,  talcese,  etc. 
Chemical,  calcareous,  alkaline,  ferruginous,  silaceous,  etc. 
Class  divisions: 

Factors,  texture — 

Physical  composition  (quantitatively  fixed). 

Fragments  of  rocks,  such  as  shaly,  slaty,  etc. 

Type  is  the  combination  of  group,  series,  phase,  and  class. 

Note. — By  practical  example  of  the  application  of  this  classification  soil  types 
would  be  described  as  follows:  Group,  residual;  series,  moist;  phase,  micaceous  (de- 
scribing a  residual,  moist,  micaceous  clay);  class,  clay. 

The  system  of  classification  here  suggested  is  largely  based  on  differences  in  the 
physical  properties  of  soils. 

BT8TBM  OF  SOIL  CLASSIFICATION. 

(1)  Scnl-forming  processes, --The  soil-forming  material  and  processes  of  formation 
are  here  imderstood  as  the  broadest  basis  in  the  physical  division  of  soils.  The  two 
divisions,  sedentary  and  transported  soils,  are  recognized  as  representing  the  first  and 
second  &ctors,  respectively. 

(a)  Residual  soils  include  aU  those  soils  produced  by  the  decay  of  the  soil-forming 
material  from  distinctly  consolidated  rocks,  and  which  has  progressed  sothat  im^ 
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tant  bodies  of  soils  are  derived  therefrom.    These  are  sometimes  referred  to  as  granite, 
etc.,  soils. 

(b)  Cumulose  soils  have  been  formed  in  place  from  the  accumulation  of  organic 
matter.    Their  engineering  significance  is  quite  limited. 

(c)  CoUuvial  soils,  are  formed  by  the  accumulation  of  soil  material  by  gravity 
without  the  appreciable  cooperation  of  any  other  force.  They  include  clifi  and  talue 
debris,  and  accumulations  on  hillsides  and  undulating  uplands. 

(eO  Alluvial  soils  are  formed  by  the  sedimentation  of  soil  material  taransported, 
sorted,  and  deposited  entirely  by  water,  whether  laid  down  by  rivers,  lakes,  or  oceans. 
They  include  river  alluvium,  loess,  and  adobe  in  part,  estuanan  clays,  salt  marsh  and 
swamp  deposits,  and  sea  beach  sand. 

(e)  Aeolian  soils  are  formed  by  transportation,  sorting,  and  depositing  of  soils  mate- 
rial by  wind.  They  include  sand  dunes  of  lakes  and  sea  shore,  loess  and  adobe  in 
part,  and  volcanic  dust. 

(/)  Glacial  soils  are  formed  by  pulverization,  transportation,  mixing,  and  depositing 
of  soil  material  by  glacial  ice.  They  include  glacial  drift,  till  or  bowlder  clay,  and 
morainal  deposits. 

(2)  Water  content. — ^The  water  content  of  soils  determined  as  ''moisture  equivalent " 
or  by  evaporation  in  i>ercentage  of  the  weight  of  a  unit  volume  is  recognized  as  the 
second  important  factor  in  the  division  of  soils. 

(3)  Special  conditions. — ^This  includes  a  group  of  properties  any  one  of  which  may 
be  used  as  the  basis  for  the  third  division  of  soils.  These  properties  are  considered 
tobe: 

(a)  Mineralogical:  When  the  physics  of  the  soil  are  affected  by  the  mineral  con- 
stituents. 

(6)  Chemical :  The  calcareous  or  noncalcareous  nature  when  influencing  the  physics 
of  the  soil. 

(4)  Texture. — ^The  texture  of  the  soil  material  is  recognized  as  the  fourth  factor  in 
the  division  of  soils.    Mathematical  limits  for  the  following  classes  have  been  given: 

(a)  Sand,  (6)  sandy  loam,  (c)  loam,  (d)  clay  loam,  (e)  clay. 

There  may  be  further  subdivision  of  these  classes  to  any  detail  desired,  and  each 
class  may  be  modified  by  the  presence  of  shaly,  slaty,  or  stony  fragments  of  rock. 
The  names  proposed  for  the  above  factors  in  the  division  of  soils  are  as  follows: 

(1)  Soil  forming  materials  and  processes — group. 

(2)  Water  content— series. 

(3)  Special  conditions — phase. 

(4)  Texture — class. 

The  combination  of  the  series,  group,  phase,  and  class  constitutes  a  type  which  is  the 
unit  of  soil  classification.  The  soil  tjrpe  may  be  defined  as  including  all  that  soil 
material  which  is  approximately  alike  in  processes  of  formation,  moisture  content, 
phase,  and  texture. 

Many  properties  other  than  those  necessary  for  classification  must  be  covered  by  an 
investigation  before  results  of  practical  use  are  obtained.  In  short,  all  the  properties 
affecting  the  physical  deportment  of  soils.  And,  contributory  to  this  work  is  a  clear 
understanding  of  other  properties,  such  as,  cohesion,  specific  gravity,  porosity,  and 
interstitial  space,  which  are  here  defined. 

The  force  with  which  the  soil  particles  cling  to  one  another  may  be  defined  as 
cohesion.  The  value  of  this  force  has  been  determined  by  employing  either  one  of 
two  methods.  In  the  one,  the  crushing  strength  of  cylinders  of  soil  has  been  taken 
as  a  measure  of  the  cohesion  of  the  soil  particles;  in  the  other,  the  resistance  to  pene- 
tration of  a  sharp  tool.  But,  uniformity  in  methods  is  necessary  for  definite  int^- 
pretation  of  results.  Yet,  the  conclusions  of  investigators,  although  arrived  at  by 
different  methods,  agree  that  cohesion  depends  upon  physical  composition  and  moisture 
content,  and  that  in  clayey  soils  it  increases  to  a  limiting  point  as  the  water  content 
diminishes.    Further,  if  the  soil  particles  are  compressed  by  an  external  force,  there 
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results  a  proportional  increase  in  the  cohesion,  and  again  cohesion  is  detennined  by 
the  penetrability  of  a  pointed  tool. 

Specific  gravity  and  interstitial  space  depend  upon  texture  and  structure.  As 
specific  gravity  depends  upon  two  properties,  the  soil  has  therefore  an  apparent  and 
an  actual  specific  gravity.  The  determination  of  specific  gravity  is  made  by  the 
water  displacement  method.  The  apparent  specific  gravity  is  obtained  by  dividing 
its  volume,  interstitial  space  included,  by  the  weight  of  an  equal  volume  of  water. 
Similarly,  the  total  volume  of  interstitial  space  may  be  determined  from  the  specific 
gravity  and  the  weight  of  a  known  volume  of  soil. 

The  porosity  of  a  soil  is  established  by  the  relative  volume  of  the  solid  particles  as 
compared  with  the  interstitial  spaces.  It  is  determined  by  dividing  the  apparent 
bv  the  real  specific  gravity  and  expressed  in  a  percentage  of  the  whole  volume. 

The  water  of  soils  may  be  regarded  as  of  two  kinds — ^the  water  of  gravitation  and  the 
water  of  capillarity.  The  water  of  gravitation  is  that  which  is  in  excess  of  the  amoimt 
held  by  the  capillary  forces.  The  water  of  capillarity  is  that  which  is  held  in  equi- 
librium by  the  capillary  forces  and  is  a  function  of  porosity.  Capillary  movement 
of  water  may  take  place  when  the  water  of  gravitation  or  capillary  movement  is 
retained  by  surfiice  tension.  Sur&ce  tension  is  the  force  with  which  a  liquid  film 
attaches  itself  to  a  solid  mntayce.  Surface  tension  is  modified  by  the  presence  of 
dissolved  matters  in  water. 

VOLUMB  OHANOBS  IN  A  SOIL. 

The  physical  deportment  by  alternate  wetting  and  drying  is  another  very  casual 
but  interesting  characteristic  of  fine  texture  soils.  It  is  that  which  the  soil  follows 
under  natural  conditions.  Laboratory  experiments  ^  on  fine  textural  soils  indicate 
that  Tnaximum  density  exists  when  by  frequent  wetting  and  drying  the  expansion 
and  contraction  in  volume  are  equal  in  amount.  This  condition  being  reached  in 
experiments  when  the  volume  changes  in  relation  to  the  moisture  content  is  a  limiting 
curve.  Further  experiments  show  that  if  water  is  added  to  a  given  volume  and 
weight  of  dry  loose  soil,  and  it  is  then  dried,  the  original  volume  will  have  decreased. 
On  the  other  hand,  if  soil  is  thoroughly  compacted  when  dry  and  is  then  watered  the 
volume  will  increase  so  that  by  repetition  of  the  wetting  and  drying  process  the 
final  volume  will  be  larger  than  the  original  sample. 

These  characteristics  have  been  referred  to  for  the  purpose  of  again  indicating 
the  possibilities  and  need  of  increasing  our  knowledge  by  a  thorough  investigation 
of  the  physics  of  soils  from  an  engineering  point  of  view. 

It  has  been  foimd  impracticable  to  treat  this  important  and  comprehensive  sub- 
ject in  these  notes  in  other  than  a  most  fragmentary  manner.  But,  it  is  hoped  that 
enough  food  for  further  and  better  thought  has  been  furnished  to  lead  others  to  ex- 
tend their  efforts  toward  more  defined  and  acceptable  results. 

Acknowledgments  are  due  to  and  are  herewith  extended  to  Messrs.  Ck)rthell, 
Reis,  Hilgard,  and  the  other  authors  referred  to  in  the  paper  and  whose  writings 
have  been  consulted.  Also,  to  the  bibliography  contained  in  the  report  of  commit- 
tee of  soils,  presented  at  the  annual  meetLog  American  Society  Civil  Engineers, 
January,  1915. 

Through  the  courtesy  of  the  author  and  the  Mmisterio  de  Fomento 
de  Bolivia  a  printed  copy  of  the  following  work  was  presented  to  the 
scientific  congress  at  tlus  session  of  Section  V: 

Les  eaux  potables  de  Sucre.  Par  Carlos  Doynd.  Paris:  Berger- 
Levrault  et  C*%  1913. 

Adjournment. 

1  Cameron  and  Qallagher,  U.  S.  Department  of  Agrtonltnre. 
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SESSION  OF  SUBSECTION  3  OF  SECTION  V. 

Raleigh  Hotel, 
Monday  morning^  Janvxiry  S,  1916. 

Chairman,  John  B.  Whitehead. 

The  session  was  called  to  order  at  9  o'clock  by  the  chairman. 

The  Chairman.  We  will  start  our  meeting  this  morning  with  the 

reading  of  a  paper  by  Dr.  Bautista  Lasgoity  on  ''Electric  current 

and  flow." 

FLUJO  ELfiCTMCO. 

For  BAUTISTA  LASGOITY, 
Montevideo ,  Uruguay, 

Segtin  Faraday,  las  masas  electrizadas  quedan  unidas  con  las  superficies  electrizadife 
por  influencia,  por  intermedio  de  Ifneas  newtonianas. 

£1  flujo  total  de  lineas  newtonianas  que  emana  de  una  masa  m  es:  4r  Km, 

La  eneigla  potencial  reside  en  el  eter  que  separa  las  masas  el6ctricas  de  las  superficies 
de  influencia. 

De  acuerdo  con  las  experiencias  de  Rowland  y  Pender,  se  puede  considerar  una 
corriente  continua  de  intensidad  I  como  el  pasaje  de  I  masas  el^tricas  por  unidad  de 
tiempo  por  el  conductor  considerado. 

Las  lineas  newtonianas  emitidas  por  las  I  masas  que  transitan  por  el  conductor 
siguen  a  ^tas  masas  en  su  movimiento. 

£1  espacio  que  rodea  a  un  conductor  recorrido  por  una  corriente  el^trica  es  cortado 
por  lineas  newtonianas,  y  la  ley  que  rige  sus  relacionee  es: 

Todo  espacio  cortado  por  lineas  newtonianas  es  una  fuente  de  fuerza  magneto- 
motriz  cuyo  valor  es  igual  al  nfkuero  de  lineas  cortadas  en  la  unidad  de  tiempo  y  cuya 
direcci6n  est4  dada  por  la  regla  de  los  tres  dedos  de  la  mano  derecha:  el  indice,  Uneaa 
newtonianas;  el  pulgar,  sentido  de  la  corriente;  el  dedo,  mayor  fuerza  magneto- 
motriz. 

APUCAa6N  AL  CASO  DE   UNA  CORRIBNTB  BBCTHiNBA. 

Determinemoe  la  fuerza  magneto-motriz  M  que  la  corriente  determina  en  una  cir- 
cunferencia  de  radio  y  situada  en  un  piano  normal  al  conductor. 

Oada  masa  el6ctrica  que  transita  por  el  conductor  emite  4  t  Km  lineas  newtonianas. 

Como  Buponemos  el  conductor  de  longitud  infinita,  las  4  t  JTm  lineas  emitidas  por 
cada  masa  ser&n  cortadas  por  la  circunferencia  ideal  de  radio  f  al  trasladaise  la  masa 
del  infinito  negative  al  infinite  positive. 

La  fuerza  magneto-motiiz  que  naceri  en  la  circunferencia  mencionada  seriL  pues 
M=A  T  JTJ,  que  haciendo  ^—l  se  transforma  en:   M=4  t  L 

Por  unidad  de  longitud  de  circunferencia  eeta  fuerza  magneto-motriz  es: 

APUCAadN  AL  CASO  DB  UNA  CORBIBNTB  CIBCULAS. 

Sea  una  bobina  compuesta  de  n  espiras  y  que  en  cada  espira  circula  una  corriente 
de  Jmasas  por  segundo. 
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Una  Ifnea  ideal  cualquiera  paralela  al  eje  de  la  bobina  y  colocada  en  el  interior  de 
la  misma  cortard  todo  el  flujo  escapade  de  las  masas  el^ctricas  que  transitan  por  el 
conductor,  y  tantas  veces  en  el  segundo  como  vueltas  d^  cada  masa  en  ese  mismo 
tiempo  alrededor  del  eje  de  la  bobina. 

Llamando  rij,  al  ntimero  de  espiras  por  unidad  de  longitud,  la  fuerta  magneto-motris 
generada  por  tina  masa  el6ctrica,  serd:  M»4  t  ni  m  por  I  masas  MaB4  t  tij  J  y  1a 
fuerza  magneto-motriz  de  toda  la  bobina  Ms4  ir  n  /  siendo  n  el  nfkuero  total  de 
eepiras. 

APUCAadN  AL  0A8O  DE  LA  TIBRRA. 

La  tierra  en  su  movimiento  de  traslacidn  alrededor  del  sol,  corta  las  Ifneas 
newtonianas  que  emite  ^te. 

No  nos  interesa  por  el  momento  conocer  la  intenaidad  de  la  fuerza  magneto-motriz 
generada,  pero  si  su  direcci6n. 

Si  se  aplica  la  regla  de  loe  tree  dedos  indicada  mis  arriba,  se  encuentra  que  donde 
debiera  eetar  el  polo  N  se  encuentra  el  S^  y  vice- versa. 

Si  noeotroe  hubi^ramos  adoptado  la  mano  izquierda  y  hubidramos  supuesto  que  el 
sentido  de  la  corriente  en  los  conductores  el^ctricos  es  contraria  a  la  que  conslderamos 
generalmente,  la  regla  eerla  igualmente  aplicable  al  caso  del  conductor  como  al  de 
la  tierra. 

Podemos,  pues,  deducir  que:  Que  en  un  conductor  recorrido  por  corriente  eldctrica 
circulan  masas  de  la  misma  polaridad  que  el  sol,  pero  que  transitan  en  sentido  contrario 
al  admitido  hasta  cl  presente. 

Estas  masas  son  las  que  producen  loe  rayos  cat6dicos. 

The  paper  is  now  open  for  discussion. 

Mr.  Thomas.  May  I  ask  to  which  work  of  Mr.  Pender  the  author 
refers  ? 

The  Chairman.  He  doubtless  refers  to  a  repetition  of  Rowland's 
work  undertaken  by  Dr.  Pender  some  10  or  15  years  ago.  Rowland's 
work  on  the  magnetic  effect  of  a  moving  charge  was  questioned  by  a 
French  physicist,  M.  Cremieu,  who  published  a  paper  describing  sim- 
ilar experiments  with  a  moving  charge  in  which  he  claimed  the 
magnetic  effect  was  absent.  Pender,  who  was  then  working  in  the 
physical  laboratory  of  the  Johns  Hopkins  University  where  Rowland 
had  worked,  set  up  Rowland's  original  apparatus  and  with  the  aid 
of  certain  newly  available  instruments,  was  able  to  repeat  with  no 
trouble  Rowland's  original  observations.  Publication  of  these 
results  led  to  a  further  reply  from  M.  Cremieu,  and  in  order  finally  to 
settle  the  question,  the  Carnegie  Institution — ^I  think  I  am  correct  in 
this — sent  Dr.  Pender  to  France  where  he  met  M.  Cremieu  and  to- 
gether they  repeated  the  experiment  of  both.  It  was  shown  without 
question  that  Mr.  Cremieu's  experiment  had  been  affected  by  a 
source  of  error  and  the  two  physicists  had  no  difficulty  in  reaching 
an  agreement  as  to  the  undoubted  accuracy  of  Rowland's  original 
observation. 

Is  there  any  further  discussion  of  this  paper?  If  not,  we  will  pro- 
ceed with  the  paper  of  Mr.  Thomas.  The  title  of  the  paper  is  *' Pres- 
ent status  of  electric  power  generation,  transmission,  and  distri- 
bution " 
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PRESENT  STATUS  OF  ELECTRIC  POWER  GENERATION,  TRANSMISSION, 

AND  DISTRIBUTION. 

By  PERCY  H.  THOMAS, 
Consulting  Electrical  Engineer,  New  York  City, 

An  electric  power  supply  system  with  its  transmission  and  distribution  lines  has 
become  an  essential  feature  in  every  important  industrial  conununity  and  a  review 
of  some  of  the  more  significant  features  of  our  best  installations  will  be  of  interest  to 
Pan  Americans.  While  it  is  not  practicable  in  the  present  paper  to  give  a  critical 
discussion  of  specific  power  systems,  it  will  be  possible  to  consider  how  some  of 
the  problems  of  more  present  interest  in  such  S3rstems  have  been  solved. 

The  electric  power  system  supplying  an  industrial  commimity  is  of  value  to  the 
community  not  only  for  the  general  supply  of  power  and  light  it  offers  for  domestic 
service,  but  because  it  offers  a  cheap  source  of  power  to  large  users,  a  readily  obtained, 
reliable,,  and  cheap  power  to  small  users,  and  because  it  enables  power  users  in  general 
to  avoid  the  capital  expenditure  and  the  operating  responsibility  of  a  private  power 
plant.    This  latter  consideration  is  of  the  greatest  practical  importance. 

The  technical  problems  of  the  generation  of  power,  the  distribution  of  the  power, 
and  its  application  to  industrial  processes,  while  involving  skill  and  special  knowledge, 
are  wwked  out  thoroughly  and  satisfactorily. 

The  overshadowing  feature  of  the  ordinary  power  plant  is  that  of  cost — cost  of 
installation  and  cost  of  operation.  Since  the  cost  of  installation  is  determined  by  the 
maTJmum  capacity  of  the  plant  and  is  fixed  once  for  all  and  since  the  income  depends 
primarily  on  the  actual  sale  of  power,  it  is  of  the  greatest  importance  to  utilize  the 
plant  to  as  near  its  full  capacity  and  as  nearly  continuously  as  possible.  Here  arises 
a  very  great  advantage  in  the  supplying  of  a  whole  community  from  a  single  plant, 
for  the  average  power  requirement  of  many  diverse  users  calls  for  a  very  much  more 
uniform  supply  of  power  than  that  of  any  one  user,  so  that  the  general  power  system 
may  be  loaded  much  more  nearly  to  full  capacity  than  could  a  series  of  individual 
power  plants. 

As  a  notable  example  of  an  enlightened  power  company  suppljdng  a  whole  commun- 
ity, the  Commonwealth  Edison  Co.  of  Chicago,  may  be  mentioned.  This  company 
supplies  nearly  all  the  electric  power  used  in  the  Chicago  district  (except  for  certain 
steel  mills  and  some  isolated  plants)  including  the  electric  street  railway  load  and  a 
considerable  percentage  of  the  refrigerating  machinery  load,  which  is  a  very  large 
item  in  Chicago.  Its  yearly  load  factor  is  approximately  45  per  cent  and  its  monthly 
power  factor  averages  50  to  60  per  cent. 

Many  other  companies  have  not  been  so  successful  in  securing  a  diverrified  load 
and  a  high  load  factor.  The  usual  values  run  below  a  50  per  cent  monthly  load  ^tor. 
In  exceptional  cases,  in  such  plants  as  the  Niagara  Falls  Power  Co.,  for  example 
having  a  large  percentage  of  continuous  process  electrolytic  load,  may  reach  an  annual 
load  factor  very  much  higher.  This  company  has  had  a  yearly  power  factor  for  the 
last  five  years  ranging  from  slightly  under  80  per  cent  to  over  87  per  cent  and  a  monthly 
load  factor  ranging  from  80  to  90  per  cent. 

The  very  large  Montana  Power  Co.,  with  a  considerable  proportion  of  mining  load 
is  said  to  have  a  yearly  load  factor  of  about  75  per  cent  and  a  monthly  load  factor  of 
about  80  per  cent.  This  is  very  high.  On  the  other  hand,  the  Power  Co.  at  Portland* 
Oreg.,  though  a  large  company,  has  a  daily  load  factor,  only  sli^tly  over  50  per  cent. 
Small  local  lig^t  and  power  companies  may  have  monthly  load  factors  tut  below  50 
per  cent.  The  difference  between  a  40  per  cent  and  an  80  per  cent  load  factor  would 
be  a  dominating  factor  in  determining  the  cost  of  power. 

Much  study  has  been  given  by  the  power  companies  to  methods  for  securing  pow«r 
users  whose  requirements  come  at  off-peak  times  or  whose  load  is  practicaUy  con- 
tinuous.   Special  rates  are  often  given  such  consumers. 

In  plants  depending  largely  on  hydraulic  power— often  times  there  occur  months  or 
years  during  which  the  supply  of  water  is  low  and  power  can  not  be  sold  up  to  the  fall 
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capacity  of  the  generating  apparatus.  This  is  a  very  unfavorable  condition  but  a 
condition  by  no  means  infrequent,  so  that  it  is  of  the  greatest  importance  in  Btud3ring 
new  water  power  projects  to  determine  the  lowest  rate  of  water  flow  to  be  expected 
within  a  period  of  years. 

One  method  of  meeting  this  condition,  especially  when  the  shortage  of  water  occurs 
r^^ularly  during  certain  months  of  the  year,  is  to  sell  some  power  at  a  lesser  rate,  but 
with  the  provision  that  the  power  supply  may  be  discontinued  during  a  limited  period 
of  low  water  on  proper  notice.  Such  power  is  called  '* secondary  power.''  Such 
power  is  offered,  for  example — by  the  Southern  Power  Co.,  of  Charlotte,  N.  C,  and 
by  the  Alabama  State  Power  Co.,  of  Alabama. 

The  extent  to  which  the  advantage  of  diversified  load  may  reduce  the  cost  of  power 
and  the  tremendous  advantage  to  a  consumer  in  being  relieved  of  the  capital  expen- 
diture and  operating  responsibility  of  a  private  plant  are  now  being  realized,  as  ia 
shown  by  the  fact  that  many  of  the  steam  railroads  of  the  United  States  are  buying 
or  planning  to  buy  power  from  the  already  established  power  companies  rather  than 
install  their  own  power  plants.  It  is  found  that  the  general  supply  system  can  fur- 
nish power  more  cheaply  and  more  reliably  than  even  the  large  plants  that  might 
be  installed  by  railroads.  Among  such  railroads  might  be  mentioned  the  New  York, 
New  Haven  &  Hartford,  which  has  a  4-track  main  line  electrification  of  over  70  miles, 
and  the  Chicago,  Milwaukee  &  Puget  Sound  Railroad,  which  is  now  electrifying  a 
mountain  section  several  hundred  miles  long.  Other  important  roads  are  consid- 
ering the  same  plan. 

Briefly,  then,  it  is  of  very  great  importance  both* to  the  power  company  and  the 
community  that  the  company  secure  as  general  and  diverse  a  load  as  possible,  since 
this  will  go  far  to  reduce  the  total  cost  of  power  and  permit  a  reduction  of  rates. 

As  a  corollary  to  this  condition  may  be  added  the  statement  that  there  is  every- 
where a  strong  tendency  to  consolidate  and  interconnect  adjacent  power  systems 
and  that  this  is,  from  a  technical  point  of  view,  greatly  to  the  advantage  of  the  com- 
panies and  the  commimity  in  general,  for  not  only  is  the  reliability  of  the  service 
greatly  improved  and  a  higher  standard  of  technical  staff  warranted,  but  an  improve- 
ment of  the  load  factor — that  is,  the  tendency  to  average  out  the  peaks  of  the  various 
loads — results.  The  enormous  sizes  to  which  these  consolidated  power  systems 
have  grown  in  the  United  States  will  be  seen  from  some  iUustrative  examples  given 
later.    There  so  far  has  appeared  no  limit  to  the  growth  of  such  systems. 

COST  OP  POWER. 

While  general  figures  as  to  the  cost  of  generating  power  in  miscellaneous  power 
systems,  such  as  are  here  under  discussion,  are  of  little  value  as  applied  to  any  par- 
ticular case,  it  may  be  worth  while  to  point  out  that  under  the  most  favorable  cir- 
ciunstances  (e.  g.,  certain  Norway  projects,  and  such  a  plant  as  the  Niagara  Falls 
Power  Co.'s,  and  certain  irrigation  projects)  a  horsepower  year  may  be  generated 
for  less  than  |10,  but  that  usually  the  best  plants  will  require  double  this,  and  |30 
to  $40  may  be  frequently  expected.  When  it  is  necessary  to  buy  power  in  limited 
quantity,  a  rate  of  $50  to  $80  per  horsepower  year  is  not  imusual,  and  in  unfavorable 
conditions  the  price  may  run  considerably  over  $100  a  year. 

RE8BRVE8. 

The  matter  of  reserves  or  relays  to  insure  the  maintenance  of  service  in  case  of 
interruption  of  transmission  lines  or  failure  of  machinery  is  always  a  difficult  one  in 
large  power  plants  for  apparatus  held  in  reserve  can  not  earn  a  revenue.  Various 
expedients  are  used.  In  the  case  of  transmission  lines  reliability  if  frequently  secured 
by  having  alternate  routes  for  supplying  power.  This  plan  may  take  the  form  of 
duplicate  circuits  (a  very  imperfect  embodiment)  or  a  loop  line  or  closed  network  of 
lines  connecting  the  power  house  or  power  houses  and  the  principal  load  pointa 

Where  main  portions  of  the  system's  load  are  concentrated  at  one  point,  a  very 
satiafoctory  relay  of  low  cost  can  be  obtained  by  a  specially  designed  steam  turbo- 
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generator  installation.  Such  a  machilie  can  be  given  a  very  heavy  overload  capacity 
with  forced  draught  boilers  and  an  extremely  simple  switchboard,  so  diat  the  relny 
can  be  installed  at  a  minimum  cost  and  can  be  gotten  into  operation  very  quickly. 
The  Southern  Power  Co.,  of  Charlotte,  N.  C,  has  three  such  stations  each  with  a  single 
turbine  of  10,000  kilowatt  capacity.  These  turbines  are  located  at  three  important 
centers  and  serve  for  the  protection  of  the  service,  particularly  at  theee  points.  Theoe 
30,000  kilo-volt-amperes  represents  about  25  per  cent  reserve.  One  or  more  of  theee 
stations  operates  at  all  times  with  banked  fires  under  the  boilers  and  the  turbo-gen- 
erator ''floating"  on  the  line  to  permit  the  rapid  taking  up  of  the  load,  and  occasion- 
ally, at  times  of  storms  or  especial  danger,  all  three  stations  may  be  so  operated. 
Another  example  of  a  plant  with  such  steam  relays  is  the  Pennsylvania  Water  A 
Power  Co.,  which  has  40,000  kilowatts  in  steam  plant  to  protect  the  load  in  case  of 
accident  or  low  water;  this  represents  something  like  one-third  of  the  total  rated 
capacity  of  the  system. 

The  Pacific  Gas  &  Electric  Co.  's  system  has  steam  plants  aggregating  80,000  kilowatts 
rated' capacity,  representing  over  half  the  maximum  load. 

On  the  other  hand,  the  Montana  Power  Co.  has  but  about  5,000  kilowatt  steam 
apparatus,  which  is  less  than  10  per  cent  of  its  maximum  load.  This  plant  has  a 
large  number  of  water  powers  lying  in  widely  spaced  locations  and  is  therefore  not  in 
as  great  need  of  steam  relays  as  most  systems. 

Most  large  systems  which  depend  upon  hydraulic  power  and  long  transmission  are 
supplied  with  from  20  to  40  per  cent  of  steam  generating  apparatus. 

RBSERVOIRS. 

Closely  related  to  steam  stations  having  the  function  of  making  up  for  temporary 
low  water  in  h3rdroelectric  plants  is  the  storage  reservoir.  The  development  of  hy- 
draulic opportunities  are  often  largely  dependent  ui>on  the  possibilities  of  water 
storage.  Storage  possibilities  as  found  in  various  places  vary  from  a  few  hours  supply 
to  the  storage  of  a  whole  season's  rainfall  over  the  water^ed.  There  are  a  number  of 
instances  where  practically  the  whole  run-off  of  a  water  shed  in  an  ordinary  year  is 
impounded  and,  except  for  evaporation  and  leakage,  is  used  for  power  and  then  often 
afterward  for  irrigation.  One  such  example  is  the  Spaulding  Lake  development  in 
Drum  Reservoir,  in  the  Sierra  Nevada  Mountains  of  California.  In  this  system  most 
of  the  precipitation  is  in  the  form  of  snow  and  on  melting  in  the  spring  it  is  stored  in 
this  lake  assisted  by  certain  other  lakes  and  enables  the  power  house  to  maintain  an 
output  of  20,000  horsepower.    It  will  in  the  future  supply  twice  the  quantity. 

Large  water  storages  now  developed  for  power  purposes  include  as  much  as  325,000 
acre-feet,  as  in  the  Hebgen  Reservoir  of  the  Montana  Power  Co.,  which  reservoir  ia 
fed  by  a  drainage  area  of  900  square  miles.  In  some  cases  the  amount  of  storage  is 
increased  by  utilizing  a  very  great  range  of  operating  water  level  in  the  reservoir. 
The  level  in  the  reservoir  may  vary  considerably  over  100  feet  between  high  and  low 
water.  This  wide  range  of  water  level  of  course  greatly  adds  to  the  available  storage, 
but  causes  a  very  uneconomical  utilization  of  the  water,  except  where  very  high 
heads  are  concerned.  It  goes  without  saying  that  the  most  effective  storage  of  water 
is  that  in  systems  where  the  water  power  is  developed  through  a  high  head,  which 
head  many  of  course  be  utilized  in  one  or  more  stations. 

PRDfB  MOVERS. 

Very  great  advances  have  been  made  in  prime  movers  during  the  last  few  years 
and  in  most  plants  apparatus  not  of  the  modem  types,  even  if  still  in  entirely  service- 
able condition,  can  be  discarded  to  advantage  on  account  of  the  high  efficiency  and 
low  cost  of  the  newer  machines. 

STBAM. 

For  steam  units  the  high-speed  turbine  is  practically  universally  used,  the  speeds 
usually  running  at  least  as  high  as  1,500  to  1,800  revolutions  per  minute  even  on  large 
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units.  These  turbines  should  be  operated  on  high  pressure  and  with  good  vacuum, 
using  either  jet  or  surface  condensers,  with  water  jet  type  air  pumpe.  Vacua  as  high 
«B  28i  inches  or  even  29  inches  may  be  obtained  on  full  load  with  fairly  cool  condensing 
-water,  e.  g.  70"^  F.  The  steam  pressure  is  usually  at  least  200  pounds  with  100°  F. 
or  more  of  superheat.  Full-load  efficiencies  may  run  as  good  as  1  kilowatt  for  13 
pounds  of  steam  per  hour  (including  auxiliaries)  under  the  most  favorable  conditions 
in  the  largest  units,  although  15-17  pounds  of  steam  is  more  usual.  It  is  desirable  to 
liave  one  or  two  large  units  in  each  station  to  carry  the  great  bulk  of  the  load,  while 
the  peaks,  and,  if  necessary,  the  light  night  load  may  be  carried  on  smaller  units. 

Steam  turbines  may  be  obtained  of  a  capacity  as  high  as  50,000  kilovolt-amperes 
and  have  been  built  for  as  high  as  35,000  kilovolt-amperes.  One  of  the  turbine  build- 
ers in  the  United  States  of  America  has  built  a  30,000  kilovolt-amperes  turbogenerator 
in  two  parts  (the  high-pressure  element  discharging  into  a  low-pressure  element) 
provided  with  separate  shafts  and  running  at  different  speeds  (1,500  revolutions  per 
minute  and  750  revolutions  per  minute).  Each  part  may  thus  be  operated  at  the  most 
favorable  speed.  While  some  gain  in  economy  is  secured  and  smaller  masses  are  to 
be  handled,  there  is  a  certain  loss  of  simplicity  and  larger  floor  space  requirement 
over  the  single  turbine  and  more  experience  is  required  to  determine  the  future  of 
6uch  double  turbines. 

Boilers  when  supplied  with  proper  draft  and  adequate  stokers  may  be  operated  at 
loads  double  the  beet  practice  of  ten  years  ago,  and  without  any  loss  of  economy.  As 
much  as  5  to  7i  pounds  of  water  per  hour  per  square  foot  of  tube  surface  may  be  safely 
evaporated  in  a  modem  boiler  and  even  this  may  be  nearly  double  for  overload  con- 
ditions, though  with  some  loss  of  economy. 

The  net  result  of  the  great  advances  recently  made  in  the  art  of  generating  electricity 
by  steam  may  be  seen  from  the  example  of  the  Manhattan  Elevated  Railway's  Seventy- 
fourth  Street  power  house,  built  in  1901,  and  then  containing  eight  5,000  kilowatt 
generators  driven  by  reciprocating  engines.  This  was  a  model  station.  These  eight 
5,000  kilowatt  generators  are  now  being  replaced  by  eight  30,000  kilovolt-amperee 
turbogenerators,  operated  from  the  original  boilers,  which,  however,  are  provided  with 
new  forced  draft  mechanical  stokers.  The  new  equipment  is  all  contained  in  the 
original  building,  including  the  new  condensers  and  switch  gear. 

HTDRAUUO  TUBBINKS. 

Modem  designs  of  hydraulic  turbines  may  be  obtained  for  any  head  from  a  few 
feet  to  3,000  feet  or  more.  The  Pelton  wheel  is  used,  as  heretofore,  for  high  heads, 
but  the  turbine  type  wheels  are  built  up  to  a  few  himdred  feet.  At  the  present  time 
efficiencies  as  high  as  90  to  92}  per  cent  are  obtained  at  full  load,  an  improvement  of 
at  least  10  per  cent  within  a  few  years.  Some  interesting  examples  of  modem  turbines 
may  be  mentioned  to  show  the  very  great  development  of  hydraulic  power. 


Power  station. 


Missiaslppl  Rhrer  Power  Co 

Alabama  Power  Co 

St.  Lawrence  River 

Lawrence  Co 

Tnmer  Falls  Co 

Oovemment  station  at  Nore.  Norway 

Padnc  Qas  &  Electric  Co.,  Electra  Power  Hooae... 

Oreat  Western  Power  Co 

Bombay  Transmission 

Shawinigan  Palls 

Tallulab  FaUs,  Qa 

Nippashl  River,  Japan 

WattUngton  Water  Power  Co.  (largest  ever  built).. 


Head 
in  feet. 


1,450 
480 

1,727 
145 
000 
350 
168 


Capacity 
of  unit  in 
horse- 
power. 


10,000 
17,500 
10.800 
90,000 
9,700 
10,000 
10,000 
18,000 
11,000 
18,500 
17,000 
10,000 
22,500 


Speed, 
revolu- 
tions per 
mlnme. 


57.7 
100 

55.0 
120 

97.8 


400 
400 


614 
875 
900 
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Considering  the  design  of  water  turbines,  more  and  more  attention  has  been  given 
recently  to  the  shaping  of  the  approach  passages  and  the  discharge  or  draft  tubes  to 
aToid  ^dy  losses  and  utilize  the  full  velocity  head  of  the  discharge — concrete  fore- 
bays  and  draft  tubes  are  often  used  in  large  units. 

Managers  of  power  plants  are  tending  more  and  more  toward  the  view  that  for  the 
usual  power  services  requiring  steady  and  reliable  power,  hydraulic  turbines  as  prime 
movers  should  be  considered  as  auxiliaries  or  at  best  as  a  source  of  large  blocks  of 
kilowatt  hours  at  very  low  cost,  while  enough  relay  steam  or  other  power  must  be 
available  to  fill  in  the  gaps  of  low  water  or  other  disturbances  of  supply. 

GAS  AND  OIL  ENGINES. 

For  many  years  the  high  full-load  economy  of  gas  and  oil  engines  caused  repeated 
attempts  to  rely  on  such  prime  movers  as  power  system  relays  and  to  use  them  tor 
local  and  private  plants  in  place  of  electric  power  from  a  general  supply  system.  These 
efforts  have,  however,  had  little  success  and  are  not  likely  to  succeed  generally  in  the 
near  future.  As  relays,  the  gas  or  oil  engines  can  not  be  made  in  large  enou^  units 
to  be  desirable.  A  very  few  thousand  horsepower  represents  the  limit  in  gas  engines 
and  perhaps  1,000  horsepower  per  cylinder  the  limit  in  the  Diesel  engine,  which  is 
at  present  the  most  generally  available  form  of  oil  engine .  They  are  further  inherently 
large  in  si2e  and  clumsy  and  run  at  slow  speed.  Their  admitted  higher  efficiency  is 
not  sufficient  to  overcome  these  other  disadvantages  for  the  purposes  of  larger  pow^ 
plants. 

For  private  plants  gas  and  oil  engines  are  sometimes  used,  the  former  especially 
where  natural  gas  is  available.  The  high  heat  value  and  low  price  of  this  fuel  is 
sufficient  in  the  case  of  such  plants  to  overcome  the  defects  of  large  installation  cost, 
small  overload  capacity,  low  efficiency  on  light  loads  and  bad  regulation,  inherent  in 
the  gas  engine. 

Where  no  natural  gas  is  available  it  is  possible  to  install  a  gas  producer  and  manu- 
facture gas  and  considerable  success  has  attended  many  such  installations.  However, 
in  cases  where  electric  power  may  be  obtained  at  a  reasonable  rate  from  a  service 
plant,  perhaps  in  the  neighborhood  of  1  cent  a  kilowatt  hour  or  less,  the  simplicity 
of  operation  and  small  initial  investment  cost  of  the  service  plant  power  will  outweigh 
the  apparent  gain  in  economy  that  can  often  be  shown  on  paper  in  the  use  of  a  gas- 
producer  outfit. 

In  case  of  Diesel  engines  the  initial  cost  is  very  high  and  the  weight  of  the  engine 
excessive,  although  the  full-load  economy  is  high  under  favorable  conditions. 

QOVERNINQ. 

The  problem  of  governing  large  power  networks  requires  a  word  of  comment.  It  is 
impracticable  and  undesirable  that  all  the  generating  imits  in  a  large  system  should 
take  part  in  the  regulating  function  and  usually  some  one  generator  is  selected  for 
this  duty.  The  governors  of  all  the  other  generating  units  are  then  made  insensitive 
or  are  blocked  bo  that  most  of  the  variations  of  the  total  load  are  taken  on  the  govern- 
ing unit.  Usually  a  steam  unit  is  chosen  for  regulating  purposes,  partly  because  the 
governor  of  a  steam  tiirbine  is  naturally  more  sensitive  and  quicker  acting  and  partly 
for  reasons  of  economy  so  that  any  momentary  diminutions  of  load  will  result  in  a 
saving  of  the  relatively  expensive  coal.  It  is  usually  foimd  a  favorable  condition  for 
the  gates  of  water  turbines  to  be  set  to  use  a  definite  quantity  of  water  and  thus 
deliver  a  fixed  amoimt  of  power. 

INDUCTION   GENERATORS. 

It  sometimes  happens  that  a  small  water  power  is  available  supplementary  to  a 
general  system,  which  power  would  not,  however,  warrant  continuously  maintaining 
an  operating  force.    In  such  cases  an  induction  generator  (that  is,  an  induction  motoi 


Digitized  by  VjOOQIC 


ENGINEEBINO.  451 

driven  as  a  generator)  may  often  be  used  to  advantage.  The  characteiistic  of  this 
machine  is  that  when  its  primary  is  excited  by  being  connected  to  an  electric 
circuit  it  will  deliver  to  the  line  in  the  form  of  current  whatever  power  may  be  sup- 
plied to  it.  It  need  not  be  synchronized  and  can  not  fall  out  of  step.  If  the  voltage 
on  the  circuit  drops,  as  in  the  case  of  a  short  circuit,  the  induction  generator  will 
give  greatly  reduced  power  to  the  circuit  which  is  favorable  for  overcoming  the  short 
circuit. 

On  account  of  this  quality  of  dropping  its  output  on  a  fall  of  voltage  and  on  account 
of  the  lagging  magnetizing  current  taken  from  the  line,  these  induction  generators 
have  been  proposed  for  use  in  very  laige,  extra  high- voltage  power  systems  in  which 
the  control  of  short  circuits  is  difficult  and  in  which  there  is  an  excess  of  line  charging 
current.  Up  to  the  present  time  there  are  very  few,  if  any,  systems  in  which  at  full 
load  there  is  an  excess  of  charging  energy,  on  account  of  the  laige  lagging  component 
of  the  usual  industrial  load.  The  characteristics  tending  most  markedly  to  an  excess 
of  chaiging  energy  are  high  line  voltage  and  long  transmission. 

In  the  case  of  the  Big  Creek  Line  of  the  Pacific  Light  &  Power  Co.  with  its  150,000- 
volt,  250-mile  transmission,  the  charging  current  of  a  single  line  is  not  sufficient  to 
neutralize  the  lagging  component  of  the  load,  but  with  two  lines  in  operation  and 
approximately  the  same  load  there  would  be  an  excess  of  leading  current. 

Reference  has  been  made  above  to  the  wide  variation  of  operating  level  utilized 
in  some  resen'oirs  to  increase  storage  capacity.  This  plan  would  naturally  waste  the 
difference  in  head  between  the  actual  water  level  existing  at  any  particular  time  and 
the  low  level  when  a  canal  is  used,  since  the  water  for  the  canal  must  be  taken  from 
the  low  level. 

It  has  been  recently  proposed,  however,  to  save  some  of  this  head  wasted  when  the 
storage  reservoir  is  nearly  full,  by  oi)erating  an  additional  turbine  by  the  difference 
in  level  between  the  actual  reservoir  level  and  the  canal  level,  through  which  tur- 
bine the  water  would  pass  on  its  way  from  the  reservoir  to  the  canal  and  using  the 
power  to  drive  an  induction  generator  connected  to  the  main  power  circuits.  The 
only  governor  then  required  would  be  overspeed  control  on  the  water  wheel. 

TRANSMISSION  AND  DISTRIBnnON. 

In  any  large  power  plant  the  functions  of  transmission  and  distribution  merge  into 
each  other,  for  the  principal  consumers  will  ordinarily  be  separated  by  many  miles, 
and  furthermore  there  will  ordinarily  be  several  sources  of  power  located  at  different 
points.  The  transmission  and  distribution  systems  then  resolve  themselves  into  a 
network  of  high-tension  lines  to  which  are  connected  power  users  and  power  generators 
at  convenient  points. 

These  networks  are  ordinarily  of  slow  growth,  starting  with  a  single  line  and  dis- 
tribution plant.  In  the  United  States  of  America,  Canada,  and  Mexico,  however,  they 
have  grown  to  great  size  and  many  are  supplemented  by  numerous  local  distributing 
networks  of  lesser  voltage.    Tyjncal  systems  are: 

(1)  Montana  Power  Co.  serves  largely  raiboad  and  mining  service. 

Extent,  225  miles  in  east  and  west  direction,  250  miles  in  north  and  south  direction 
(the  latter  will  soon  be  increased  to  400  miles). 

Voltages:  15,000,  50,000,  70,000,  and  103,000  volts. 

Maximum  rating  of  generators,  75,580  kilowatts. 

Maximum  rating  of  substation,  99,543  kilowatts. 

Maximum  load  during  1914,  61,000  kilowatts. 

Total  generated  energy,  402,000,000  kilowatt-hours. 

Total  delivered  energy,  365,000,000  kilowatt-hours. 

Annual  load  factor,  75  per  cent. 

Monthly  load  factor,  80  per  cent. 

Total  length  high-tension  lines,  1,465  miles. 
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(2)  Southern  Power  Co.:  This  company  supplies  most  of  North  Carolina  and  espe- 
cially the  cotton-mill  district.  It  also  supplies  power  to  an  electric  railroad  over  100 
miles  long. 

Extent,  240  miles  in  a  northeast  and  southwest  direction,  65  miles  in  a  southeast 
and  northwest  direction. 

Rated  generator  capacity,  124,000  kilowatts. 

Rated  high-voltage  transformer  capacity,  169,000  kilowatts. 

One  hundred  and  three  substations  containing  transformers  having  a  total  rated 
capacity  of  241,000. 

High-tension  voltages,  50,000  and  100,000. 

In  the  same  part  of  the  country  as  the  Southern  Power  Co.  are  six  other  power  com- 
panies operating  at  100,000  volts  or  thereabouts.  These  seven  systems  are  all  inter- 
connected, giving  a  very  extensive  network,  including  a  continuous  100,000-volt  line 
1,000  miles  long  between  Nashville,  Tenn.,  and  Henderson,  N.  C.  The  intercon- 
nection of  these  companies  is  for  the  purpose  of  mutual  cooperation  to  exchange  peak 
or  emergency  power.  It  is  interesting  to  note  the  remarkably  complete  manner  in 
which  the  water  power  of  this  r^on  is  made  available  throughout  four  States. 

(3)  Pacific  Gas  &  Electric  Co.  serves  over  one-half  of  the  people  of  California, 
including  San  Francisco,  Oakland,  Sacramento,  and  all  the  central  parts  of  the  State. 

Extent,  nearly  38,000  square  miles. 

Operates  in  30  out  of  58  counties  of  the  State  and  supplies  energy  to  177  cities  and 
towns.    Serves  378,705  consumers. 

Length,  100,444- volt  line,  109  miles;  60,000-volt  line,  1,299  miles;  24,000-volt  line, 
91  miles;  17,000-volt  line,  102  miles. 

Total  transndssion  and  distribution  lines,  5,090  miles. 

Rated  generator  capacity  (hydraulic),  121,000  horsepower. 

Rated  generator  capacity  (steam),  109,000  horsepower. 

Energy  purchased  from  adjoining  companies  in  1914,  181,700,000  kilowatt-hours. 

There  are  numerous  other  laige  networks.  Examples  are  Mexican  Light,  Heat  & 
Power  Co.  in  the  neighborhood  of  Mexico  City,  the  system  in  and  around  Montreal, 
Canada;  those  aroimd  Los  Angeles,  Cal.,  and  Salt  Lake  City,  Utah,  all  of  which  have 
interesting  features. 

As  other  interesting  examples  of  the  adaptability  of  electric  power  transmission  it 
may  be  worth  while  to  call  attention  to  the  large  plant  of  the  Lehigh  Navigation 
Electric  Co.,  which  generates  power  from  the  famous  culm  (fine  refuse  coal  at  mines) 
piles  of  eastern  Pennsylvania  and  distributes  it  to  cement  mills  and  other  consumers. 
Also  the  Chile  Exploration  Co.,  which  generates  electric  energy  from  fuel  oil  on  the 
east  coast  of  Chile  and  transmits  it  nearly  a  himdred  miles  to  the  huge  copper  reduc- 
tion plant  of  the  company  at  Chuquicamata  at  an  elevation  of  nearly  10,000  feet. 

The  first  consideration  in  these  high-tension  networks  is  that  of  voltage.  When 
the  distances  are  large,  high  voltage  is  necessary  to  produce  an  economical  trans- 
mission or  to  secure  a  good  regulation.  This  makes  it  desirable  in  developing  even  a 
relatively  small  plant  to  adopt  a  voltage  high  enough  to  suit  the  possible  future 
extension  of  the  plant.  On  the  other  hand,  too  high  a  line  voltage  requiree  very 
expensive  apparatus  for  delivering  power  to  local  users. 

Where  the  power  is  supplied  largely  at  one  end  of  a  network  with  power  users  at 
the  other,  the  transmission  losses  are  very  important,  but  there  are  systems  in  which 
there  are  power  houses  pretty  well  located  over  the  sjrstem  with  a  somewhat  similar 
distribution  to  that  of  the  power  users.  In  such  a  system  the  only  transmission  of 
power  for  any  considerable  distance  is  the  residue  or  balancing  power,  flowing  to  even 
up  the  load  to  the  various  supply  stations.  In  such  a  system  the  transmission  losses 
and  the  line  voltage  drop  are  of  less  importance;  therefore,  a  lower  line  voltage  ia 
appropriate. 
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But  the  relation  of  line  voltage  to  operation  is  a  particularly  important  one  in  large 
tfyetems,  for  the  problem  of  cutting  off  the  power  in  case  of  a  break  or  short  circuit 
becomes  in  general  more  difficult  with  high  voltage  since  the  superior  regulating 
quality  of  the  high  voltage  line  causes  a  much  larger  flow  of  energy  at  the  break  than 
would  otherwise  occur,  and  again  a  serious  breakdown  in  the  high-voltage  system 
"will  cause  a  muf^h  greater,  wider  sptesA  disturbance  to  other  parts  of  the  system  than 
would  be  the  case  with  a  lower  line  voltage.  Some  of  the  above  networks  (e.  g., 
Pacific  Gas  &  Electric  Co.)  are  built  up  in  considerable  measure  of  older  plants 
operating  at  60,000  volts  (a  common  standard  voltage),  and  have  this  great  operating 
advantage,  that  a  breakdown  at  one  point  produces  a  relatively  small  disturbance  at 
distant  points  on  account  of  the  great  drop  produced  by  short-circuit  currents  in  the 
long  relatively  low-voltage  lines.  It  is  very  doubtful,  however,  whether  it  would  be 
a  wise  plan  to  designedly  use  a  relatively  low  voltage  for  the  purpose  of  localizing  of 
disturbances.  This  result  may  better  be  accomplished  by  artificially  introduced 
current-limiting  devices  strategically  located  and  controlled  by  automatic  apparatus. 
The  practice  in  overhead  lines  has  not  yet  developed  to  such  a  point,  however,  except 
in  isolated  instances  (e.  g..  New  York,  New  Haven  &  Hartford  Railroad  Co.,  which 
uses  a  reactance,  short-circuited  by  a  circuit  breaker  between  the  generators  and  line). 
This  practice  of  using  artificial  reactance  inserted  in  the  system  is,  however,  common 
in  power  stations  where  laige  generators  are  to  be  paralleled  on  the  same  busbars  and 
imderground  feeders  are  used. 

LOAD  DISPATCHBB. 

When  two  or  more  principal  power  houses  were  originally  combined  into  one  system 
it  became  impossible  for  an  operator  in  one  power  house  to  personally  see  and  operate 
the  apparatus  in  the  other  stations,  which  perforce  introduced  the  telephone  as  an 
intermediary,  much  to  the  complication  of  operation.  This  condition  became  more 
difficult  until  finally  the  principal  large  companies  have  adopted  a  ''dispatcher" 
system  similar  to  the  railroad  ''dispatcher.''  A  load  dispatcher  is  located  at  some 
convenient  point,  which  often  is  not  at  a  power  house,  and  is  placed  in  charge  of  the 
whole  system  and  personally  directs  every  operation  in  all  stations.  He  is  in  tele- 
phone communication  with  all  operators  and  keeps  a  record  of  the  changes  and 
connections  made  In  each  part  of  the  system  of  a  system  of  pins  and  markers  on  a 
large  map  or  plan  of  the  circuits  and  apparatus  of  the  plant.  This  system  works 
very  satis^torily. 

V0LTA0B8  m  USB. 

A  few  years  ago,  when  transmission  distances  were  ordinarily  limited  to  about 
100  miles,  60,000  volts  came  to  be  recognized  as  a  usual  standard,  though  here  and 
there  a  plant  utilized  80,000  volts.  With  the  advent  of  the  steel  tower  line  longer 
transmissions  have  grown  up  and  100,000  to  110,000  has  been  very  generally  used  as 
a  network  voltage  and  has  been  found  very  satisfactory.  There  are  certain  instances 
when  special  trunk  lines  have  been  installed  at  130,000  to  150,000  bolts  (Big  Creek 
Power  Co.,  of  Los  Angeles,  Cal.,  and  Commonwealth  Co.,  of  Michigan),  but  these 
constitute  rather  direct  transmissions  of  a  large  block  of  power  to  looJ  distributions 
than  networks  properly  speaking.  This  voltage  would  be  too  high  for  the  economic 
delivery  of  power  in  small  units  on  account  of  the  cost  of  the  step-down  apparatus. 
Large  plants  in  the  big  cities,  especially  where  the  distribution  is  to  a  considerable 
part  underground,  use  12,000  to  20,000  volts  for  their  networks,  but  systems  using 
overhead  construction  and  involving  longer  distances  will  almost  universally  use  a 
voltage  as  hig^  as  60,000. 

The  two  standard  methods  of  line  construction  for  high-tension  networks,  viz, 
steel  towers  and  wooden  poles  need  not  be  here  discussed. 

Within  the  last  four  or  five  years  there  has  been  a  rapid  development  in  the  use  of 
out-door  transformer  stations  and  switching  stations.  This  practice  which  has  the 
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advantage  of  pennitting  the  use  of  ample  spacing  for  high-tension  lines  and  other 
apparatus  results  also  in  a  great  saving  in  building  costs.  It  is  found  satisbkctcHy  in 
locations  where  the  weather  conditions  are  not  too  severe.  There  seems  to  be  no 
difficulty  in  building  transformer  and  switches  weather  proof  at  a  relatively  small 
increase  in  expense. 

The  features  of  these  power  networks  now  demanding  the  most  attention  are:  Coet, 
mechanical  capability  of  withstanding  sleet  and  wind,  lightning  protection  and  higii> 
tension  insulators.  The  cost  of  long  lines  puts  a  heavy  fixed  charge  on  the  eaminga 
of  the  power  company  and  must  be  kept  as  low  as  is  safe.  This  result  is  to  be  secured 
by  painstaking  care  in  the  details  of  design  and  erecticm. 

While  never  more  than  a  very  small  part  of  any  particular  line  gives  trouble,  tlie 
result  is  the  disabling  of  a  whole  line  section,  and  this  accident  has  resulted  so  fr^ 
quently  in  recent  years  as  to  be  objectionable,  especially  is  it  so  with  steel  tower 
construction  where  a  tower  which  falls  can  not  be  erected  again  to  replace  the  break. 
The  loss  of  time  in  getting  a  section  of  steel  tower  line  which  has  once  gone  down 
back  into  service  is  considerable  and  oftentimes  temporary  wooden  constiiiction  across 
the  break  is  required.  The  more  usual  causes  of  trouble  have  been  sleet,  insufficient 
foundations,  especially  foundations  in  damp  places,  and  weakening  of  towers  by 
improper  installation. 

Some  trouble  has  been  experienced  when  wires  have  been  strung  loose  in  gusty 
places,  such  as  canyons.  This  is  to  be  avoided  by  tight  stringing,  short  spans,  and 
extra  clearances.     • 

Lightning  in  some  districts  is  very  troublesome,  especially  in  causing  interruptions 
of  service,  and  to  a  much  less  extent  causing  injury  to  apparatus.  F^tection  from 
this  difficulty  is  at  best  uncertain  and  difficult  and  should  be  considered  by  a  specialist. 

Millions  of  high-tension  insulators  have  been  manufactured  and  used  during  the  last 
few  years  and,  while  very  successful  power  service  has  been  given  by  many  com- 
panies, these  insulators  themselves  have  not  made  as  good  a  record  as  may  be  expected 
in  the  future.  Many  insulators  have  deteriorated  and  shown  p(»rcelain  cracks  with- 
out undue  electrical  or  mechanical  stress.  This  has  been  due  partly  to  ceramic 
causes,  partly  to  improper  burning,  and  partly  to  bad  design,  which  has  permitted 
temperature  expansion  of  the  metal  parts  to  bring  mechanical  strains  on  the  porcelain. 
This  condition  is  like  lightning,  very  obscure  and  technical,  and  it  is  to  be  met  by 
careful  testing  of  designs  and  manufactured  product  and  test  and  inspection  of  indi- 
vidual insulators  after  installation.  This  course,  while  somewhat  expensive,  wiU 
secure  good  service  as  &ur  as  the  insulators  are  concerned. 

There  has  been  for  many  years  a  discussion  as  to  the  advisability  of  grounding  the 
neutral  point  of  a  high  voltage  transmission  system.  The  question  still  remains 
unsettled  and  the  various  considerations  unsolved  are  too  complex  to  be  here  discussed. 

Another  aspect  of  the  power  transnussion  system  that  is  coming  into  the  foreground 
very  prominently  is  its  relation  to  other  electric  systems  in  the  same  neighbcffhood, 
such  as  the  railroads,  telephone  and  telegraph  systems,  and  even  (from  a  legal  point 
of  view)  to  the  public  on  the  streets  and  highways.  The  necessity  of  crossing  over 
such  other  systems,  which  often  own  their  own  rights  of  way,  has  developed  special 
construction  specifications  which  are  insisted  on  by  the  companies  crossed  to  safe- 
guard their  systems.  These  crossings  are  an  unavoidable  source  of  annoyance  and 
expense.  AgsSn,  transmission  lines,  where  extended  or  of  hig^  voltage,  may  cause 
inductive  disturbance  in  parallel  systems  of  wires,  very  detrimental  to  telephone, 
telegraph  or  signal  service,  and  sometimes  even  dangerous.  There  is  a  growing 
tendency  tor  the  authorities  to  assume  control -of  construction  and  operation  as  &r  as 
such  interference  is  concerned. 

Many  other  considerations  naturally  arise  in  the  design  and  operation  of  networks 
and  power  plants,  but  those  here  toudied  upon  are  the  features  most  discussed  at  the 
present  time  and  those  which  present  the  greatest  need  of  the  exerdse  of  good 
judgment. 
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The  Chairman.  The  paper  is  now  open  for  discussion,  gentlemen. 

Mr.  Stoeer.  Mr.  Chairman,  I  want  to  say  that  it  is  my  miderstand- 
ing  that  the  Duquesne  Lighting  Co.,  of  Pittsburgh,  has  recently  pur- 
chased a  60,000-kilowatt  generator  from  the  Westinghouse  Electric  Co. 

The  Chairman.  It  would  be  most  interesting  to  have  some  of  the 
details  of  that  sale.     Will  they  be  available  soon  ? 

Mr.  Storer.  I  think  so.  They  originally  closed  the  contract  for 
40,000  kilowatts  and  then  they  decided  to  make  it  60,000,  so  I  think 
it  has  been  changed.  It  is  in  two  or  three  parts,  I  am  not  certain 
which. 

Mr.  Fisher.  I  would  like  to  ask  Mr.  Thomas  how  the  different 
speeds  of  the  60,000-kilowatt  generator  can  be  utilized  in  the  develop- 
ment of  power.  You  say  that  one  shaft  runs  at  one  speed  -and  an- 
other shaft  runs  at  another  speed,  I  believe. 

Mr.  Thomas.  All  I  can  say  about  that  is  this:  This  60,000-kilowatt 
generator  is  still  in  rather  a  tentative  form.  But  the  30,000-kilowatt 
generator  which  is  now  operating  in  the  Seventy-fourth  Street  Station 
of  the  Manhattan  Elevated  has  a  high-pressure  turbine  on  a  1,500- 
revolution  shaft,  with  a  low-pressure  turbine  on  a  750-revolution 
shaft  and  separate  generators  for  the  low  pressure  and  for  the  high 
pressm-e;  entirely  separate  generators.  Neither  one  of  them  is  an 
induction  generator,  but  such  might  be  used. 

The  Chairman.  Mr.  Thomas,  you  said,  I  believe,  that  there  are 
about  a  thousand  miles  of  line  connected  between  North  Carolina  and 
western  Tennessee.     How  many  plants  are  there  on  that  system  ? 

Mr.  Thomas.  There  are  five  or  six  plants,  I  think.  I  have  a  list  of 
them  in  the  paper.  The  statement  has  been  published  that  they  are 
aJl  connected,  but  I  was  recently  down  that  way  and  tried  to  verify  the 
existence  of  an  actual  connection.  I  could  not  verify  the  connection 
of  the  Tennessee  plants  to  the  others,  but  there  are  something  like 
four  of  them  actually  connected  up.  There  is  a  wonderful  network 
in  that  district  and  it  is  developing  rapidly.  The  Southern  Power 
Co.  is  building  lines  continuously  and  are  still  short  of  power  with  a 
load  of  150,000  horsepower,  or  something  like  that  amoimt. 

The  Chairman.  Is  this  thousand-mile  route  aroimd  through  the 
Southern  Co.'s  district  ? 

Mr.  Thomas.  Yes;  through  North  and  South  Carolina  and  Georgia. 

The  Chairman.  Goes  south  and  then  up  again  ? 

Mr.  Thomas.  Yes. 

The  Chairman.  Is  there  any  further  discussion  of  Mr.  Thomas's 
paper  ? 

Mr.  Thomas.  I  would  like  to  add  one  statement,  Mr.  Chairman. 
This  bears  on  the  broader  aspect  of  the  power  question  throughout 
the  Western  Hemisphere.  It  is  my  personal  opinion  that  while  the 
farthest  distance  to  which  transmission  has  been  practically  applied  as 
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a  straightaway  transfer  of  power  at  the  present  time  is  about  250 
miles,  with  large  projects  it  is  electrically  and  mechanically  feasible, 
and  I  have  no  doubt  it  will  be  oftentimes  commercially  feasible,  to 
transmit  power  much  farther.  It  would  require  some  modifications, 
perhaps,  of  the  present  method  of  transmission,  but  th^e  are  in  the 
Western  Hemisphere  in  a  number  of  places  some  peculiarly  favorable 
opportunities  for  hydroelectric  development,  and  if  one  makes  cal- 
culations as  to  the  effect  of  using  large  units  and  high  voltages  on 
the  costs  he  wiU  find  that  it  is  possible  to  transmit  power  a  wonder- 
fully long  distance.  When  we  think  of  the  requirements  of  the  elec- 
trochemical industries  for  fertilizers  and  for  aluminum  and  various 
other  materials,  and  possibly  for  the  electric  smelting  of  iron  ore  one 
of  these  days,  we  ought  to  be  looking  ahead,  those  of  us  who  have 
imaginations,  to  see  if  some  of  the  ambitious  schemes  which  we  have 
set  down  for  future  development  can  not  be  brought  forward  inmie- 
diately. 

There  is  Mr.  Schwab's  iron-ore  development  down  in  dole  that 
you  all  know.  Coal  is  very  high  and  very  scarce  down  there,  but 
there  is  a  lot  of  water  power  in  the  Andes  and  if  electric  smelting 
is  possible  it  would  be  feasible  no  doubt  to  bring  that  water  power 
to  that  ore;  and  if  such  a  thing  could  be  done,  it  would  be  not  only 
a  wonderful  thing  for  Chile  to  have  the  iron  made  on  its  own  soil 
but  would  be  a  wonderful  advantage  for  a  certain  class  of  work 
in  the  South  American  markets  in  order  to  save  the  transporting 
of  the  ore  up  here  to  North  America  and  then  the  retransporting 
of  the  iron  back  again.  Such  new  processes  require  a  good  while  to 
work  out  and  may  lie  dormant  for  many  years,  if  nobody  with  imagi- 
nation enough  and  knowledge  enough  takes  them  up;  but  if  those 
who  are  on  the  ground  and  happen  to  know  where  such  a  project 
might  be  feasible  would  take  the  trouble  to  get  the  hydraulic  data 
and  measure  up  the  distances  and  work  out  a  rough  idea  of  how  a 
plant  could  be  developed  and  then  propose  it  to  those  who  might 
be  better  informed  as  to  the  total  cost  and  value  of  the  current,  we 
might  anticipate  by  many  years  the  development  of  some  very 
great  industry. 

Then,  there  is  always  the  question  of  the  electrification  of  the  rail- 
roads. I  do  not  know  whether  there  is  freight  enough  over  the  Andes 
now  to  make  it  worth  while  to  put  heavy  investments  in  railroads. 
I  presume  there  is  not,  but  no  doubt  the  cost  of  handling  heavy  traffic 
over  those  mountains  would  be  enormously^  decreased  if  the  grades 
had  been  laid  out  for  electrification  in  the  beginning;  and  if  the 
possibility  of  electrification  were  realized,  it  might  be  feasible  to 
develop  additional  lines.  I  think  Mr.  Storer  might  tell  us  something 
about  how  far  electricity  would  help  us  in  the  railroad  business. 
We  want  to  use  as  much  electricity  as  possible;  we  want  to  find 
every  possible  way  to  use  it. 
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Mr.  Storeb.  Certainly  electrical  power  and  waterpower  develop- 
ment come  in  very  handy  in  the  electrification  of  railways  in  the 
mountain  regions  where  coal  is  so  expensive.  Right  in  Italy  and 
Switzerland  at  this  time  coal  is  almost  impossible  to  obtain,  and 
there  they  find  the  greatest  possible  advantage  in  utilizing  waters 
power  which  they  have  developed  in  their  mountain  streams.  It 
means  everything  to  them,  of  course. 

Mr.  Finney.  It  will  be  interesting,  perhaps,  to  recall  at  this  time, 
Mr.  Chairman,  the  statement  made  in  a  previous  paper  before  this 
congress  in  connection  with  the  proposed  bringing  of  electric  power 
to  a  very  large  iron  field  in  Brazil.  It  was  stated  that  this  was  being 
done  at  the  present  time,  and  that  there  was  a  very  large  investment 
in  hydroelectric  power  designed  to  develop  a  very  large  deposit  of 
iron  ore  in  Brazil. 

Mr.  Thomas.  And  the  wonderful  part  of  such  a  development  as 
that  is  that  it  opens  the  way  to  all  kinds  of  subsidiary  developments. 
It  opens  the  way  for  local  enterprises  that  could  not  be  supported 
if  considered  individually.  There  is  nothing  but  good  to  be  found 
in  those  big  developments  if  they  are  placed  on  a  soimd  basis. 

Mr.  Vabnet.  Mr.  Chairman,  I  want  to  ask  Mr.  Thomas  whether 
there  is  any  information  regarding  any  development  in  sight  now 
that  would  promise  a  successful  development  of  a  very  high  voltage 
direct  current  transmission. 

Mr.  Thomas.  I  have  no  information  of  anything  tending  to  bring 
forward  direct  current  as  a  means  of  transmission  any  more  promi- 
nently than  it  has  been  done  for  a  good  many  years. 

Mr.  Vabnet.  I  am  speaking  of  high  voltages,  100,000  volts  or 
more. 

Mr.  Thomas.  It  may  be  possible  to  operate  with  a  hundred  thou- 
sand volts,  but  imless  we  can  go  higher  than  that  we  are  not  getting 
any  great  benefit  over  the  present  schemes.  I  have  not  seen  anyone 
with  any  project  for  going  beyond  what  we  have  already  done. 

The  Chairman.  I  gather,  Mr.  Thomas,  from  what  you  said  just 
now,  that  you  have  made  some  calculations  on  some  lines  of  lengths 
greater  than  250  miles.     What  voltages  are  suggested  on  those  lines  ? 

Mr.  Thomas.  One  hxmdred  and  fifty  thousand  volts  is  high  enough 
to  go  almost  anywhere  in  the  world,  you  might  say.  Five  hundred 
miles  will  reach  a  tremendously  long  distance.  There  are  very  few 
places  that  you  have  to  go  farther  than  that  to  get  waterpower,  and 
150,000  volts  is  well  established.  I  do  not  believe  that  the  distance  is 
the  thing  that  is  going  to  hold  such  development  back.  All  these  large 
projects  have  not  been  held  back  by  the  cost  of  the  transmission  lines; 
that  is  not  the  thing  that  is  going  to  hold  the  large  hydroelectric 
transmissions  back.  The  great  difficulty  is  the  cost  of  the  hydraulic 
work,  the  magnitude  of  the  undertaking,  the  difficulty  of  finding 
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some  one  who  is  big  and  forceful  enough,  somebody  who  can  command 
capital  enough  and  who  can  secure  concessions  where  necessary. 
Even  if  you  can  find  such  a  man  as  described,  then  comes  the  trouble 
of  financing  such  a  large  proposition.  An  engineer  may  feel  satisfied 
that  the  project  is  practicable,  but  the  man  who  is  not  an  engineer 
and  who  has  to  take  the  financial  responsibility  does  not  know  of 
his  own  knowledge  and  is  a  hard  man  to  convince.  Of  course  he  is 
justified  in  his  scepticism  too.  It  takes  great  courage  to  make  a 
decision  where  there  is  so  much  involved. 

The  Chaibman.  If  there  is  no  further  discussion  of  Mr.  Thomas's 
paper,  we  will  now  hear  from  Dr.  A.  E.  Salazar,  professor  of  electric 
technique  in  the  University  of  Chile.  The  title  of  his  paper  is  ^'The 
exact  calculation  of  electric  transmission  lines  with  distributed  die- 
lectric admittance  and  the  complex  hyperbolic  method." 


EL  ClLCULO  EXACTO  DE  LAS  LiNEAS  DE  TRANSMISION  CON  ADMTTAN- 
CIA  DIELfiCTRICA   REPARTIDA  Y  EL   MfiTODO   HIPERBOUCO   COM- 

PLEJO. 

Por  ARTURO  E.  SALAZAR, 

Profe9or  de  Electroteenia  de  la  Univerndad  de  Chile, 

J<'When  we  work  directly  with  vectors,  we  haye  our  attention  fixed  upon  them,  and  on  thair  mutual 
relations:  and  these  are  usually  exhibited  in  a  neat,  compact,  and  expresavo  form,  whose  inner  meaning 
is  evident  at  a  glance  to  the  practised  eye.  Put  i\vs  same  formula,  however,  into  the  Cartesian  form,  and— 
what  a  difTerenoet  The  formula  which  was  expressed  by  a  few  lett^^  and  s.vmbols  in  a  singde  line,  readable 
at  once,  sometimes  swells  out  and  covers  a  whole  page!  '*    Heaoitiie,  Eleciromoffnetk  Thwy.] 

La  correcta  regulaci6ii  de  las  Ifneas  trasmisoras  de  energfa  a  laigafl  distancias  era  imo 
de  loB  puntos  mis  delicados  y  dificUee  del  servicio  hasta  hace  pocos  alios.  Actual- 
mente  es  dado,  a  favor  de  condensadores  sincr6nicos  en  el  t^rmino  de  la  linea;  com- 
binados  con  otras  disposlciones  tendentes  al  mismo  fin,  realizar  condicionee  ideales  de 
funcionamiento,  apenas  sofiadas  en  los  comienzos  del  arte.  Por  ejemplo,  en  nno  de  los 
mds  modemos  sistemas  actualmente  en  marcha,  la  Ifnea  ''Big  Creek/'  que  corresponde 
al  No.  1  de  la  lista  del  cuadro  que  acompaila  a  este  trabajo,  se  conaigue  mantener  una 
fuerza  electromotriz  constante  de  150,000  voltios  en  cada  extreme,  bajo  las  m^ 
variadas  condiciones  de  caiga.  Este  triunfo  de  la  ingenieria  el6ctrica  no  es  el  resultado 
de  inmediata  aplicaci6n  de  fdrmulas;  mas  tambi6n  es  cierto  que  para  ll<^;ar  a  obtenerlo, 
merced  a  las  disposlciones  aludidas,  se  ha  partido  indubitablemente  del  perfecto 
conocimiento,  anterior  a  la  colocaci6n  de  un  solo  alambre,  de  lo  que  ocunirfa  en  1a 
Ifnea  en  circuito  abierto  o  en  corto  circuito — extremes  anormales — o  en  cualquier 
r^;imen  intermedio  de  carga;  y  eeto,  no  sdlamente  en  el  extreme  de  llegada  sine  en 
cualquier  punto  distante  1  kil6metro  de  ese  extreme  o  de  la  estacidn  generadora. 

En  el  caso  conalderado,  asf  como  en  el  de  cualquier  otro  relativo  a  largas  lineas 
el^ctricas  (incluso  las  telefdnicas)  en  que  acttie  una  fuerza  electromotriz  altema  o 
pulsatoria,  el  punto  de  partida  de  los  c&lculos  es  el  date  de  la  seccidn  y  natxiraleza  do 
los  conductoree  y  de  su  colocaci6n  respectiva  o  respecto  de  la  tierra.  Por  laigas  no  se 
entiende  que  ellas  sean  de  tantas  decenas  o  centenas  de  kildmetros,  sine  que  su 
''impedancia"  total,  Z,  y  su  '^admitancia"  diel^trica  total.  Y.  combinadafl  en  la 
expresidn  -^Z  r*,que  es  un  ingulo  hiperbdlico  complejo,  no  excedan  de  cierta  magnitud. 
(Como  referencia,  v^ase  la  columna  X  del  Cuadro.  Todos  eeos  dngulos  totales  de 
lineas  traamisoras,  expresados  bajo  doble  forma  en  radiantes  hiperb61icos,  coires- 
ponden  a  Ifneas  ''laigas.''} 
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£1  eetudio  completo  de  esta  materia,  a  contar  desde  el  punto  de  partida  que  se  acaba 
de  indicar  y  el  cual  presupone  determinadonee  de  car^ter  t^cnico  y  ecoii6mico  cuanto 
al  tamafio  de  los  conductoree,  envuelve  dos  6rdene8  de  conodmientos:  (a)  El  relativo 
A  la  deducd6n,  basada  en  Iob  hedios  fisicoe,  de  las  fdrmidas  exactas  aplicables  a  los 
cdrcuitoe  altemoa  con  capaddad  y  conducd6n  dieldctricas  uniformemente  repartidas, 
equiparables  a  un  largo  condensador  con  diel^ctrico  defectuoeo;  (b)  el  relativo  a  las 
aplicadones  pr&cticas  de  esas  f<kmulas,  es  dedr,  a  los  cdlculos  numMcoB  de  los 
circuitos  de  esa  naturaleza,  valitodose  de  m^todos  rigurosos  aplicables  sin  rest]icd6n 
en  cualqnier  case  que  sea,  en  vez  de  f<kmulas  meramente  aproximadas,  te6rrcamente 
inexactas  y  de  aplicaci6n  restringida. 

Tocante  a  la  primera  de  estas  fetses  de  la  cuesti6n,  poco  resta  ya  que  decir.  Hay 
consenso  respecto  de  los  resultados  del  an&lisis  matemAtico  y  de  su  concordanda 
con  loe  hechos,  hasta  donde  la  experiencia  ha  podido  comprobarlo.  Probablemente 
no  queda  m&s  campo  de  investigaddn  sobre  eete  punto  que  el  de  las  descargas  por 
efiuvios  y  consiguiente  p^rdida  por  convexi6n  electroest&tica.  Como  adn  no  se 
ban  formulado  leyes  precisas  sobre  el  particidar,  no  se  toma  en  consideraddn  el 
{en6meno  cuantitativamente  en  las  f6rmulas,  tanto  m^s  que  en  las  grandes  trasmi- 
siones  a  alto  voltaje,  contrarresta  automdticamente  los  efectos  de  las  descargas  el 
hecho  de  usarse  baja  frecuenda  y  conductores  de  gran  di&metro.  No  nos  ocupare- 
mos,  pues,  ni  hay  necesidad  de  ocuparse  de  la  cuesti6n  bajo  ese  aspecto. 

En  cambiO;  por  lo  que  atafie  al  segundo  orden  de  conodmientos  (5),  todavfa  queda 
margen  para  decir  algo,  desde  el  punto  de  vista  utilitario  o  pr&ctico.  Con  efecto. 
el  c&lculo  de  la  repartiddn  del  voltaje  y  la  corriente  en  las  lineas  el^ctricas  en  que, 
atento  a  bus  caracterlsticas,  haya  que  tomar  en  cuenta,  so  pena  de  errores  mils  o 
menos  graves,  la  admisi6n  diel^ctiica  repartida,  pasa  por  ser  de  los  m&a  complicados 
en  electrotecnia.  Tal  es  lo  cierto,  cuando  quiera  que  sea  necesario  aplicar  sin 
mutiladones  o  recortes  las  f6rmulas  exactas  del  case  que  se  consignan  en  los  tratados. 
No  es  esta  una  opinidn  desautorizada  o  aislada;  los  maestros  la  confirman  y  por  estos 
mismos  dlas  que  corren.  Asi,  por  ejemplo,  Gisbert  Kapp,  en  crftica  bibliogr&fica 
leferente  a  un  nuevo  libro  de  fdrmulas  sobre  lineas  de  tiasmisidn,  destinado  a  los 
ingenieros  y  estudiantes  de  ingenieria,  se  expresa  en  estos  t^rminos: 

The  determination  of  the  working  conditions  of  a  long  overhead  transmission  line, 
where  leakage,  corona  effect,  capacity,  and  inductance  must  be  taken  into  account, 
is  a  most  intricate  problem.  Its  orthodox  solution  requires  the  employment  of  hy]^- 
bolic  functions  and  an  amount  of  mathematical  skill  far  beyond  the  everyday  require- 
ments of  most  engineers.^ 

Otra  autoridad  del  mismo  fuste,  Alexander  Russell  dice,  al  hacer  el  elogio  de  las 
Tablas  de  fundones  hiperb61icas  complejas  que  Kenndly  acababa  de  publicar: 

The  great  drawback  to  Heaviside's  formulae  was  the  great  numerical  labor  entailed 
in  computing  their  values.  Many  mathematicians  tried  to  simplify  them  in  terms 
of  known  real  functions,  the  value  of  which  could  be  found  from  the  ordinary  tables. 
The  formulae  in  their  expanded  EQiai)e,  however,  were  so  clumsy  that  even  their 
autiiors  were  very  unwilling  to  use  them.* 

Estas  apreciaciones  y  las  que  al  mismo  tenor  es  frecuente  hallar  estampadas  en  libros 
y  revistas  no  rezan  probablemente  con  el  especialista.  El  especialista  dedicado  a  una 
rama  cualquiera  de  la  ciencia  aplicada  posee  una  e6i>ecie  de  sexto  sentido  que  1« 
X>ermite  salvar  conseguridad  todas  las  dificultades,  sin  percatarse  mucho  de  f6rmula8. 
No  sucede  lo  mismo  con  los  profesionales  en  general  y  menos  atin  con  los  estudiantes, 
refiri^ndome  en  el  actual  case  a  los  de  electrotecnia. 

El  tratamiento  simplificado  del  problema  por  el  m^todo  llamado  del  condensador 
dividido  (the  split  condenser  method),  tendente  a  evadir  las  dificultades  que  presentan 
las  formulas  exactas  usuales,  significa  tanto  mayor  error  cuanto  mia  larga  sea  la  Ifnea. 

» The  Electrician,  octubre  9, 1914.  «  The  Electrician,  octabre  2, 1914. 
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Proviene  esto  de  suponeree  que  la  capacidad  esti  localizada  en  doe  o  mis  pontofl  dd 
trayecto.  La  verdad  ee,  Bin  embaigo,  que  cada  elemento  (22  de  la  Ifnea  tiene  una 
capacidad  dc,  fonnando  un  condensador  elemental,  en  daivaddn  entre  doe  de  Ids 
alambree  o  entre  cualquiera  de  elloe  y  la  tierra  o  un  piano  de  referenda.  Solo  en  este 
concepto  es  dado  baaar  un  tratamiento  riguroso  del  problema.  £1  m^todo  del  conden* 
eador  dividido,  el  que  se  utiliza  generalmente  en  la  pr6ctica,  no  se  tomar&  puee  en 
cuenta  en  la  discufii6n  que  edgue  sobre  las  fdrmulas  exactas,  bien  es  derto  que  compH- 
cadas,  no  trat&ndose  de  la  fdrmula  hiperbdlica  compleja.  Estos  vocables  suenan 
extrafiamente  y  diriasea  primera  vista  que  sehallanen  pugna  ^n  todaideade  claridad 
y  sencillez. 

MiT01>08  U8UALB6. 

Se  sabe  que  las  ecuacionee  fundamentales  CQirespondientes  al  regimen  normal  de 
una  linea  trasmisora  de  eneigfa,  de  las  condiciones  que  nos  ocupan  son: 

^-^of (1) 

^-ri* (2) 

La  primera  expreea  el  hecho  que  la  cafda  de  voltaje  en  un  elemento  de  la  Unea  es 
debida  a  la  accidn  combinada  de  la  reeistencia  y  la  inducci6n;  la  segunda  que  el  cambio 
en  valor  de  la  ccmente  al  pasar  por  un  elemento  de  la  linea  es  debido  a  la  acci6n  com- 
binada de  la  capaddad  y  la  conducd6n  diel^trica.  Eel  son  los  vectcHres  de  voltaje 
y  de  coniente  en  un  punto  distante  I  unidades  de  longitud,  desde  el  eztremo  de 
llegada. 

Diferendando  de  nuevo  (1)  y  (2)  con  reepecto  a  Z  se  sabe  tambi^  que  la  solud^n  de 
las  ecuaciones  de  segundo  grado  resultantes  es  de  la  forma 

^=4^^^'+^^-^^' (3) 


r-^4..^'-4^-^| (4) 


A  contar  de  este  punto,  puede  decirse,  suigen  las  divergendas  sobre  la  maneia  de 
expresar  las  f6rmulas  finales  aplicables  a  los  cilculos  num^ricos. 

El  problema  se  presenta  por  lo  general  asf :  dados  el  voltaje  y  la  corriente,  bien  sea 
en  el  extreme  generador,  bien  en  el  receptor,  determinar  el  voltaje  y  la  corriente  en 
el  extreme  opuesto  de  la  linea.  Para  fadlitar  comparadones  de  fdrmulas,  supcm- 
dremos  en  lo  que  sigue  que  se  dan  el  voltaje  y  la  corriente  de  Uegada  y  se  trata  de 
determinar  en  magnitud  y  en  fase  el  voltaje  y  la  coniente  en  el  arranque  de  la  tras- 
misi6n,  o  en  cualquier^punto  intermedio. 

Pasemos  en  revista  como  proceden  a  ese  fin  algunos  de  los  autwes  mis  conoddos, 
en  obras  que  pueden  citarse  como  clisicas  en  su  g^ero. 

Mitodo  de  /an«t.— Janet,^  en  sus  Lemons  d'Electrotechnique  g^^rale  (Tome  II), 
Uega  a  las  siguientes  fdrmulas  para  los  cilculos  num^ricos: 

U^^p{C€^  +2>€*" -Ecast  fix+F sen t  fix) 

j9^q(C€^'^  +2>« ■^^+Jg? cost  fiz-F sens  fix) 

en  que  IJ3,  I3  representan  respectivamente  el  voltaje  y  la  corriente  en  el  origen  de 
la  trasmisi6n.    Introduciendo  en  ellas  las  equivalencias  que  asigna  a  las  constantes 

1  Con  referaDdA  a  oada  nombre  de  autor  de  los  tornados  en  cuenta,  de  aqnl  en  adelante,  v^ase  la  Nota 
bibliogrftfloaftnaL 
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p,  q,  C,  Dt  Ef  y  F,  y  agregando  la  expreddn  complicadiaima,  indispeDBable  para 
calcular  el  &ngalo  ^  de  desfaae  entre  Uj  y  I^,  leeulta: 

2az 


-2az 

6 


,  r   ii*    .    u*  Uiii       „./■  .<-Ai 

,  |-     I,*  U,*        „„  UJi  (     .P-A 

■^Li;^^~-*VJ2q:?*"^~{(r»+i»)(a>+5»){i*«»^*'«+-F;**»  « 


•(7) 


-  sen  ?^(c«2«»-2>€-a«»^+  cos  ^(-P  cos  2/3x+J&  e 
cos  ^(c€2«x-2)^-2«x^^  sen  ^(i^  cos  2/3x+^  se: 


•(8) 


*»»«*»= g-^/\ r-^ jfnj; W 


"Les  formules  (7),  (8)  et  (9)  r^lvent  enticement  le  probl^e/'  agrega  Janet. 
Lo  que  no  quita,  por  cierto  fuerza  alguna  a  las  apreciaciones  de  Eappi  de  Russell 
trascritas  anteriormente. 

£1  inconveniente  principal  en  la  aplicaci6n  de  f6rmula6  como  las  que  preceden, 
no  reside  tanto  en  lo  laborioso  del  cdlculo  num^rico,  cuanto  en  la  dificultad  de  pre- 
venir  o  corrogir  posibles  errc^es,  y  sobre  todo  darse  cuenta  de  que  se  ha  incuiiido  en 
ellos.  Por  via  de  comparaci6n  con  el  m6todo  hiperb61ico  complejo,  tan  claro  y  tan 
preciso,  se  resuelve  m^  adelante,  con  arreglo  a  la  triple  f6rmula  trascrita,  un  problema 
de  transmiBi6n  triiaso  a  1,200  kil6metros.    (Ejemplo  Leroy,  N^  14  del  cuadro.) 

Mitodo  Leroy. — En  la  obra  citada  en  la  Nota  bibliogrdfica  que  acompafia  a  este  tra- 
bajo,  el  autor  nombrado  trata  in  extenso  el  problema  de  las  constantes  repartidas  en 
las  largas  Ifneas  de  trasmisidn  el^ctrica  de  la  energia.  Inspirdndoee  en  estudios 
previamente  pubUcados  por  Blondel  en  L'£clairage  £lectiique  (Tome  XLIX),  desa- 
rrolla  un  m^todo  de  c^culo  de  los  valores  algebraicos  exactos  delos  vectores  de  tensidn 
y  de  corriente.    Discurriendo  sobre  series  geom^tiicas  de  la  forma 


(  U^)  r=  ^i[^x»  Ben  (e+e^)  ....  +^x^  sen  n  (e+e^)+ ] 


-..(10) 


llega,  tras  laigas  y  complicadas  transformaciones,  a  f6rmulas  mixtas  en  t^rminos  de 
hmciones  hiperb61icas  naturales  y  funciones  clrculares.  £1  c^culo  de  los  vectores  de 
fuerza  electromotriz  y  de  corriente  inidalee,  las  inc6gnitas  del  problema,  en  la  forma 
general  que  viene  consider^ndoee,  lo  hace  por  separado  del  de  los  &ngulos  respectivos 
de  desfase.  Adem^,  por  el  hecho  de  que  entran  en  las  expresionee  de  c^culo  las 
funciones  hipCbolicas  naturales,  cos  h  (tax),  sin  h  (tbx)^  se  impone  la  necesidad  de 
usar  tablas  lo  suficiente  ampllas  de  esas  funciones  o,  en  cambio,  de  calcularlas  por  su 
equivalencia  exponencial  o  la  serie  conveigente  en  que  ^sta  puede  expresarse. 

£n  Buma,  en  el  case  que  nos  ocupa,  la  atenci6n  se  distrae  en  m&s  elementos  de 
dUculo  que  en  la  triple  f6rmula  dada  por  Janet,  con  la  cual  la  de  Leroy  se  identifica 
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necesariamente,  al  ^:ual  que  con  cualeequiera  otras  de  las  f6rmula8  exactas,  par 
divezsas  que  en  apariencia  se  nos  preeenten. 

Mitodo  de  Cohen. — Entre  los  libros  recientee  sobre  problemas  de  coriiente 
altema,  ninguno  m^  nutrido  de  f6rmula8  y  tablas  de  gran  valor  pricdco  que  el  de 
eeta  autoridad  en  la  materia.  Las  fdrmulas  en  que  hay  que  tomar  en  cuenta  las 
constantes  repartidas  de  la  llnea,  poni^ndonos  siempre  en  el  caso  de  voltaje  y  coniente 
conocidos  en  la  llegada,  las  presenta  Cohen  como  sigue: 

^JilK,E,'\'K,(±a,I/^^<Hl/)+K,(a,I\±<Hl/n) (11) 

+Ji{±K,I/'-hKJ\-\-K^,q+K^,p] (12) 

En  eetas  formulas  E,  repreeenta  el  voltaje  de  llegada;  1/,  I/^  representan  las  com- 
ponentes  de  la  corriente  en  el  mismo  punto. 
For  lo  que  concieme  las  constantee;  ellas  son  por  una  parte, 

JKi«(^+^"*^)  COS /3t    K^^ijEl^'+E'*^)  een  ^] 
Zi-(-B**-JB''"')  cos /5«    Z4=(jE^-E"**')8en/3«J 
en  las  cuales  «  ee  la  distancia  contada  del  extremo  que  se  tome  como  oiigen. 

««  VHVCSq^^^X')  (y'+Ca,^+i?y-c^XC}1 

/3=  Vi{V(^T^'A)  (y»+C»«2)--R^+«»iiC}J 


Por  otra  parte, 


^±^«:  a.=^g=^l (15) 


en  que  ^  es  la  conduccidn  diel^trica  lineal,  C  la  capacidad  lineal  y  w  la  frecuenda 
en  radianes  o  2t{. 

Finalmente, 

(16) 

Desarrolladas  hasta  su  tiltimo  limite  las  f6rmula8  destinadas  a  las  aplicacionee, 
enum^ricas,  (11)  y  (12),  por  introducci6n  de  las  expreeiones  constantes  (13)  a  (16) 
resultan  de  tal  complicaci6n  que  es  impoeible  apreciarlas  en  su  significado  general; 
y  en  esa  forma  o  separadas  en  sus  elementos  inmediatos  resultan  de  toda  suerte  diffciles 
de  aplicar,  aun  teniendo  a  la  mano,  lo  que  no  siempre  es  posible,  tablas  o  grdficos 
auxiliaree.    Kapp  y  Russel  contintian  teniendo  raz6n. 

Tratdndose,  sin  embaigo,  de  cantidades  esencialmente  vectoras  como  E,  I,  corree- 
pondientes  a  las  Uj,  I3  de  la  f6rmula  de  Janet,  es  mis  racional  la  representacidn 
inmediata  de  esas  cantidades  en  bus  componentes,  s^tin  lo  indica  el  slmbolo  j  en 
las  f6nnulaB  adoptadas  por  Cohen.  Esto  constituye  un  elemento  de  clazidad  in- 
apreciable  en  el  manejo  analftico  de  cantidades  con  magnitud  y  direcci6n. 

Mitodo  de  Steinmetz, — Steinmetz  comienza  por  establecer  la  verdadera  naturaleza 
de  las  cantidades  fuerza  electromotriz  y  corriente,  denot&ndolas  por  slmbolos  que 
indiquen  esa  circunstancia:  E  para  la  primera,  I  para  la  segunda.  Ademiis,  en  vez 
de  las  numeroeas  constantes  de  car^ter  indefinido  de  los  tres  m^todos  anterioree,  cita 
doe  como  ejemplos,  concentra  todas  ellas  en  Z,  la  "impedancia"  total  de  la  linea, 
Y,  la  admi8i6n  diel^ctrica,  y  en  alijfil,  las  componentes  de  ^ZY.  DenotandoporJE*, 
e  /o  el  voltaje  y  la  corriente  en  la  U^ada,  y  siendo  I  la  distancia,  a  contar  deede  este 
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punto,  la  doble  fdrmula  de  Steinmets  queda,  para  el  dUculo  de  loe  valoree  ^  e  /  en 
el  origen: 


/i  -i{(Jo+^oyJ)«"'(co6^Z-i9en/30+(/o-ftY  J)*-*^^  sen  ^Z)}' 


I' 


Todavla  eeta  fdrmula  parece  formidable;  mas  al  lado  de  las  que  preceden,  con  ser 
riguroeamente  equivalente  a  ellas,  representa  una  notable  simplificacidn.  Al  llegar 
a  una  aplicaci6n  numMca,  sin  embargo,  puede  tenerse  un  resultado  false  si  no  se 
toma  nota  de  que  Steinmetz  adopta  como  positiva  la  rotaci6n  en  el  sentido  de  las 
manecillas  del  reloj,  en  vez  del  contrarlo  como  hace  la  generalidad.  Si  no  se  cambian 
los  signoB  entre  cos  y  sen  de  la  formula  original,  hay  que  escribir  la  "impedanda/S 
Z^R-j2fL  y  no  Z=R+jfL;  y  la  admifli6n  diel^ctrica,  Y^O-j  Cy  no  Y^O+j  C. 

BL  MiroDo  hipebb6lico  complbjo. 

Con  el  aumento  considerable  a  que  se  ha  Uegado  en  los  tiltimoe  afios  en  la  longitud 
de  las  Ifneas  de  trasmisidn  de  energfa  el^trica,  los  m^todoe  de  c&lculo  aproximado 
aon  insuficientes  o,  por  lo  menoe,  dejan  en  la  duda  acerca  de  la  magnitud  del  error 
en  que  se  incurre,  de  no  tomarse  en  cuenta  la  capacidad  y  la  p^rdida  repartidas, 
contrariamente  a  lo  que  establecen  las  f6rmula8  exactas,  pero  m^  o  menos  compli- 
cadas  que  preceden. 

Kennelly  ha  side  uno  de  loe  primeros,  si  no  el  primero,  en  demoetrar  que  la  indicada 
condicidn  tiene  expre8i6n  analftica  exaeta  con  las  funciones  hiperb61icas  complejas. 
Interpretada  vectorialmente  la  f6rmula  de  Heaviside  (p.  451  de  la  obra  de  eete  autor 
citada  en  la  Nota  bibliogrdfica),  la  soluci6n  general  de  la  ecuaci6n  del  circuito  altemo 
con  admi8i6n  diel^trica  distribuida,  es  en  el  estado  fijo,  dando  a  las  diversas  canti- 
dades  el  mismo  significado  que  en  el  caso  anterior  (16) 

/.=Aco«WzT+Bor?^^| ^'^^ 

Kennelly  no  aplica  directamente  esta  fdrmula  sine  que  comienza  jxir  considerar  la 
llnea  como  si  la  capacidad  estuviera  localizada,  pongamoe  por  caso,  por  mitadee  igualee 
en  amboB  extremes.  A  esta  condici6n  llama  circuito  ''nominal."  Este  circuito 
nominal  lo  transforma  en  equivalente  introduciendo  en  aquel,  a  mode  de  factores 

correctives,  las  expreeiones  cos h-yfzYy ^°  /i_ — 

-^  z  y 

A  nuestro  juicio  es  preferible  aplicar  lisa  y  Uanamente,  tal  como  se  estampan,  las 
formulas  que  preceden  (18).  Son  en  todo  rigor  id^nttcas  en  el  fondo  con  las  de  los 
diversos  m^todos  anteriores,  no  obstante  expresar  con  toda  claridad  lo  que  con  diez 
o  quince  voces  m^  sfmbolos  expresan  confusamente  dichos  m^todos.  Como  date 
ilustrativo  identifiqu6moslas  por  ejemplo  con  (16). 

Tenemoe  en  (18),  haciendo  los  desarrollos  del  caso,  que 

COB  WZY=cos  A(aZ+i/3Z)=i(«"'+«"""')  COB  /3i+ii(€«'-€-«')  sen  /SZ (a) 

Ben  WZY-sen  ^(aZ+i/30=i(€«^+«— ^  coB^i+ii(«"'+«""')  sen  fl (b) 

-^-J     /^  rz) 

Introduciendo  en  (18)  las  expresiones  (a),  (b)  y  (z),  tenemos 

^i-i{(^+/o'Y^)€*Kcofl  ^Z+i  sen  i80+ (^o^/o^c—Kcoe  fil-j  sen  ^Z) 
la  formula  de  Steinmetz,  para  el  voltaje  en  la  e8taci6n  generadora. 
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Lo  mismo  reepecto  de  la  corriente. 

La  f6rmula  hiperbdlica  compleja  ee  la  ezpresidii  analftica  mis  ample  podble  para 
la  difltribucldn  del  voltaje  y  la  c<»riente  en  las  Uneas  de  tgawniaidn  con  resistencia, 
induccidn,  higae  o  p^rdidaa  y  capacidad  uniformamente  r^Muttdas. 

Atkn  mis,  es  la  expreddn  genco^  aplicable  a  culaquier  Unea,  sea  de  corriente  con- 
tfnua,  sea  de  altema.  Si  la  corriente  ee  ccmtinua  y  no  hay  fugas.  Y  vale  ceto;  si 
altema  y  no  hay  fugas  ni  capacidad  apredablee.  Y  tambi^  puede  tomarse  pof  ceio 
y,  en  ambos  casos,  

y  (18)  se  reduce  a 

!T*'*'-1-: <»> 

Es  decir,  el  voltaje  en  el  origen  es  simplemente  la  suma  del  voltaje,  ^o,  consumido 
por  el  ciicuito  receptor  y  del  voltaje,  f^,  consumido  por  la  llnea;  del  mismo  modo, 
la  corriente  en  el  origen  ee  igual  a  la  corriente  en  cualquier  punto  del  circuito  general. 

Concret&ndonos  al  case  altemo,  se  ve  inmediatamente  que  los  sf  mbolos,  operadores 

o  expresiones,  cOe  h^2T,  — -^rp — ,  acttian,  ee  verdad,  como  factores  correctivos 

req)ecto  del  circuito  simple  (19),  que  diferir^  tanto  mis  de  la  unidad  cuanto  mayor 
sea  la  frecuencia  y  mis  apredable  vaya  haci^ndose  la  capacidad  distribuida  o  la 
conduccidn  diel^trica.  Para  una  apreciaci6n  cuantitativa  del  fen6meno,  compirense, 
por  ejemplo,  entre  ai  los  valores  de  las  columnas  III  y  V  del  cuadro  final. 

En  la  formula  que  venimos  discutiendo,  segtin  queda  establecida,  V^~Frepreeenta 
el  ingulo  hiperb^lico  total  de  la  llnea,  es  decir  { voces  el  ingulo  lineal  o  kilom^trico, 
de  suerte  que  -^ET^-^ZY  I.  Esto  nos  dice  que,  haciendo  variar  el  valor  de  I,  a  contar 
deede  el  extreme  de  Uegada,  el  vabr  de  ^  y  de  /  en  cualquier  punto  de  la  llnea  puede 
ser  calculado  correctamente  en  magnitud  y  fase.  Naturalmente  con  mucho  mayor 
seguridad  y  rapidez  que  empleando  las  complicadas  formulas  tomadas  mis  atris  en 
consideraci6n.    Todo  depende  de  poder  evaluar  ficilmente  las  expresionee  hiperbd- 

Ucas  complejas  o  planovectoras,  cos  h^/ZTy  ^^^^'  ^^^  ^^'^  ^  ^^^®  ^^  ^^^*^- 

Pero  antes,  para  mostrar  la  flexibilidad  de  la  fdrmula  hiperb61ica  compleja  apli- 
qu^mosla,  por  ejen^lo,  a  un  interesante  problema  que  se  presenta  en  la  piictica,  la 
''regulaci6n."  En  toda  Unea  con  capacidad  apreciable,  se  ha  notado  que  el  voltaje 
en  la  Uegada  es  invaiiablemente  mis  alto  que  el  voltaje  i^licado  en  el  origen,  cuando 
la  trasmiBi6n  funciona  en  circuito  abierto,  o  se  supiime  la  caiga.  Este  exceso  de 
voltaje,  con  relacidn  al  iiormal,  determina  la  susodicha  regulacidn. 

Llamando  J^o  ^  voltaje  de  Uegada  en  circuito  abierto,  y  habiendo  ya  denotado  por 
jPo  el  voltaje  en  caiga  liormal  se  tiene  entonces  que 

Regulaci6n=^^^^^^ (20) 

Ahora,  si  en  la  ecuaddn  para  determinar  el  voltaje  en  el  origen, 

ponemos  f=0,  entonces,  por  la  supresi^n  de  la  caiga,  E^  subiri  a  ^q,  y  la  ecuacidn  se 
reduce  a 

E,^W^  cos  hyfZT 
de  donde 

•  °"cos  i^zT 
Introduciendo  este  valor  en  (20)  queda 

Regulaci6n-^^^^^-^^-l (21) 
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Para  predeterminar  la  legulacidii  do  las  Ifneas  trasmiBonui  de  eneigia  se  emplean 
generalmente  diveraos  m^todos,  semigr&ficos,  semianalfticoe,  m&s  o  menoe  aprozi- 
mados,  que  no  presentan  ni  el  rigor  ni  la  sencillez  del  m^todo  que  precede. 

cIlculos  PRAcncos. 

Llama  la  atenci6n  el  hecho  que,  siendo  la  f6nnula  hiperb61ica  vectora  fiel  trasunto 
de  la  expreeada  con  unas  cuantas  letras  y  sfmboloe,  hace  ya  algunoe  afioe,  por  el  autor 
de  "Electromagnetic  Theory/'  no  sea  tomada  en  cuenta  en  los  tratados  que  el  pro- 
feeional  o  el  estudiante  acostumbran  consultar.  En  cambio  se  da  lugar  a  desarroUos 
largos  y  complicados,  de  que  son  una  buena  muestra  los  trascritos  en  p^iginas  anteriores. 

Parece  ser  que  esto  proviene  de  estimarse  preferible  convertir  las  funciones  hiper- 
b61ica8  de  variables  complejas,  cos  A  -JZY,  sen  h^lZ  F,  de  la  forma  X'\-jy  en  funciones 
de  argumentos  reales,  como  son  las  hiperb61icas  naturales  y  las  funciones  circulares, 
de  las  cuales  no  escasean  las  tablas  destinadas  a  fadlitar  los  dUculos.  La  ventaja  de 
esta  conyerBi6n  es  discutible  o,  mejor  dicho,  no  existe,  pues  la  correcta  evaluaci6n 

num^rica  de  las  cantidades  vectoras  cos  h^Z  F,  — ,pL.     sepuedehacer  expedita- 

mente  por  diversos  m^dos. 

Guatro  son  estos  m^todos:  (a)  directamente  por  las  tablas  especialee  de  esas  fun- 
ciones, muy  escasas  e  incompletas  atin;  (b)  indirectamente  por  las  tablas  de  funciones 
hiperb61icas  naturales  y  las  ordinarias  de  funciones  drculares;  (c)  por  las  series  defini- 
doras  de  cos  h^ZYy  sen  h-^ZY'^  que  no  exigen  tablas  espedales;  (d)  por  las  equiva* 
lencias  exponencial-trigonom^tricas  de  esas  series,  que  tampoco  exigen  tablas  espe- 
ciales. 

Mitodo  a. — ^El  empleo  de  las  tablas  de  funciones  hiperb61icas  complejas,  de  Ken- 
nelly  (v^ase  la  Nota  bibUogrdfica),  serla  el  m^todo  ideal  si,  a  pesar  de  la  relativa 
extensi6n  de  ellas,  no  envolvieran  de  ordinario  la  necesidad  de  una  interpolaci6n  muy 
inc6moda.  Ademis,  si  esta  interpolaci6n  se  hace  por  simple  proporci6n  intermedia, 
el  resultado  es  s61o  aproximado;  si  se  efecttka,  para  obtener  mayor  precisi6n,  aplicando 
el  teorema  de  Taylor,  este  solo  detalle  de  la  operaci6n  resulta  m&s  largo  que  el  dUculo 

directo  de  cos  h^ZYy  de  la  raz6n  — ^Y —  ^^  ®^  m6todo  de  las  series  comvergentes. 

El  Chaart  Atlas,  trabajo  considerable  del  mismo  autor,  permite  realizar  las  interpola- 
ciones  -por  simple  inspecci6n  directa  de  las  curvas,  pero  s61o  con  relativo  grado  de 
preci6i6n.    Fuera  de  esto,  por  su  gran  tamafLo  (50  por  50  centfmetros)  es  de  uso  muy 
poco  pr^tico  fuera  de  la  oficina. 
Jditodo  6. — Se  sabe  que 


cos h  (a±jfi)=mco6  hacoBfi±j  sen h  a  sen  /9, 
sen  h  (a:ti/9)ssen  /^ a  cos  i9d:i  cos  /^  a  sen  /9, 


;} (22) 


y  que  paraavaluar  estas  funciones  se  necesitan  tablas  de  funciones  hiperb61icas  reales 
fuera  de  las  funciones  drculares  ordinarias;  por  ejemplo,  las  Smithsonian  Mathe- 
matical T$ibles,  citadas  en  la  nota  bibliogr&fica. 

Como  aplicaci6n  calcular  cos  W^^y — WW~'*  corr^pondientes  a  No.  14,   co- 

lumnas  XI  y  XII  del  cuadro  final  de  este  trabajo. 
Se  tiene, 

aZ=0.17756 
^Z=0.66197 
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Segtin  las  tablas  antedichas,  y  haciendo  interpolaciones  simples, 

cosh  0.17756=1.01581 

sen  h  0.17756=0.17850 

cos  0.66197=0.78878 

sen  0.66197=0.61468 

Entonces,  segtin  (22), 

cos  hVFF=1.0158lX0.788784-i  0.17850X0.61468 
=0.80126+ j  0.10972 
Per  el  mismo  m6todo, 

senhVzr   0.14077+j 0.62440    0.64003  177^254 
-yflY    '°0.17756+j0.66197°0.68537  174^986 
=0.93391 12^306 
=0.93314+j  0.03760 
Obs^rvese  que,  para  Uegar  a  esta  forma  en  coordenadas  rectangulares  (a  que  se  llega 
directamente,  segdn  vamos  a  ver,  por  el  m6todo  de  la  serie)  ha  habido  que  hacer 
cuatro  operaciones  intermedias,  no  indicadas  en  obsequio  de  la  brevedad.    £1  incon- 
veniente  principal  de  este  m^todo,  no  obstante,  es  la  necesidad  de  emplear  tablas 
poco  comunes  en  la  tinica  forma  en  que  tienen  valor  pr^ctico:  cuando  son  tan  com- 
pletas  como  las  Smithsonian. 

Metodo  c. — Desarrollando  por  el  teorema  de  McLaiuin  las  expresiones  hiperb61ica8 
complejas  cos  h^Z  Y,  sen  h^Z  Y  y  divldiendo  esta  (iltima  por  -^Z^Y,  se  tiene 


, ZY   Z^Y^    Z^Y* 

COBW^=l+^-f^+^  + 

senW^T^  ,   zr  z»i^  z»y» 
Vzlr""  "^  13  "*■   [5  "^  17  "^ 


(23) 


Estas  series  poseen  la  necesaria  y  suficiente  condici6n  de  conveigencia  absoluta,  y 
a  favor  de  ellas  pueden  avaluarse  fdcilmente  y  con  cualquier  grado  de  aproximaci6n,  laa 
expresiones  hiperb61icas  complejas  que  entran  en  la  f6rmula  preconizada  (18).  Este 
m6todo  no  puede  llamarse  de  mera  aproximaci6n  d&ndose  con  ello  a  entender  que 
hay  otros  que  podrfan  considerarse  exactoe  o  mds  rigim)sos  en  sua  resultados.' 

Apliqu6moslo  al  mismo  ejemplo  num^rico  anterior,  perteneciente  al  cuadro  final  de 
constantes  num6ricas,  a  que  venimos  haciendo  referencia,  bajo  el  No.  14. 

El  punto  de  partida  es  el  producto  de  la  impedancia,  Z,  por  la  admisi6n  diel6ctrica. 
Y,  de  la  Ifnea,  como  primer  tannine  en  ZYde  las  seiies  (23): 

-0. 406690-f  ;  0. 235043+Zr 
Aplicando  logaritmos,  para  el  cuadiado,  (tablas  usadas,  las  de  Chamber). 
T.  6092635        T.  3711724      T.  6092635    1.3711724 
1.6092635        1.6092635      1.3711724    1.3711724 


1.2185270       2.9804359      ?.  9804359    7.7423448 

AntilogB 0.165397  -;  0.095595  -;  0.095595  -0.055252 

=0. 110145  -;  0. 191190  =Z«  F* 
Aplicando  nuevamente  logaritmos,  i>ara  pr6xima  potencia^ 

T.  0419664        X.  2814652        7.0419664    1.2814652 
1.6092635        1.6091635        1.3711724    1.3711724 

?.  6512299        7.8907287        ?.  4131388    7.6526376 

Antilogs -0.044795  -f;  0.077755  +;  0.025890  +0.044940 

=0. 0001455+  j  0. 103645  =  Z»r» 
Logaritmos...    4.1628630       T. 0155505 

>  Snelopdseubddaator,m3,qiieflgiireflnUiiotabibUogiilWia,8ei]ieiirreflne^ 

Digitized  by  VjOOQIC 


ENGINEEBING.  467 

No  68  necesario  llegar  a  Z«  F%  puee  el  reeultado  final  no  se  alterarla  ni  en  la  millon^ 
sima.  En  eeguida,  agregando  al  primer  t^nnino,  1,  de  la  seiie  loe  en  ZY,  calcnladofl 
por  divisi6n  logaritmica: 

....  +1. 0000000+ ;•  0.0000000  ....  +1. 0000000+;  0. 0000000 
ZTI\2  =  -0. 20334504-y  0. 1175275  ZF/ll.  =  -0. 06778204-;  0. 0391760 
Z«|FV(i=+0. 0045894-;  0. 0079663  Z«rv/«  =-f 0. 0009179-;  0. 0015932 
Z»r»/li= -0. 0000002+;  0. 0001439  Z»r»/ll=  -0. 0000000+;  0. 0000206 

Suma:  0. 801244+;  0. 109705  Suma:  0. 033136+;  0. 037603 

que  es  el  COB  ;i  V^Fbuecado.  ^^^  ^  ^^  ^^^.^^  Ben_^^^^^^ 

Las  caracterlsticas  de  la  evaluaci6n  num^rica  de  las  funciones  hiperb61icas  comple- 
jas,  por  el  m^todo  de  las  series  definidoras  de  esas  funciones,  ateni^ndonos  a  las  ez- 
plicacacionee  que  preceden,  son: 

Ninguna  necesidad  de  tablas,  fuera  de  las  ordinarias  de  logaritmos  ninguna  inter- 
polaci6n;  simples  sumas,  como  operaciones  auxiUares;  perfecta  claridad  del  c^culo  y, 
por  lo  mismo,  obtenci6n  de  resultados  correctos  con  la  menor  probabilidad  de  errores. 

En  piincipio,  es  de  aplicaci6n  en  todos  los  casoe;  mas,  en  la  pr^tica  tiene  sus  restric- 
clones.  Cuando  las  componentes  del  ^gulo  lnperb61ico  ^gF^xceden  de  launidad 
(y^e  ejemplo  telef6nico,  No.  18  del  cuadro),  las  potencias  ascendentes  de  Zy,  base 
del  c&lculo  por  las  series,  crecen  en  forma  a  retardar  la  convergencia,  de  tal  suerte  que 
el  niimero  de  t^rminoe  requeridos,  en  lugar  de  limitarse  a  tres,  pongamos  por  case, 
puede  ser  mucho  mayor  y  las  ventajas  del  m6todo  desaparecen.  Esto  no  puede  ocurrir 
nunca  en  problemas  de  trasmisidn  de  potencia,  por  laigas  que  sean  en  el  sentido 
geom6trico  del  vocablo,  pues  la  baja  frecuencia  empleada,  60  a  lo  sumo,  da  origen  a 
ingulos  hiperb61ico6  (columna  X)  de  componentes  inferioree  a  la  unidad.  El  ejemplo 
telefdnico  citado  no  es  un  case  extreme,  y  los  valores  de  las  columnas  X  y  XII  pueden 
obtenerse  como  se  ha  hecho  para  el  cuadro,  por  el  m^todo  de  las  series. 

Mitodo  d. — Gonsiste  en  el  empleo  de  la  equivalencia  exponencial-trigonomtoica  de  la 

Bene  definidora  de  cos  ft  -^ZT  y  de  la  serie  correspondiente  a  — j^y — »  »  saber: 

en  que  alyBl  son  las  componentes  de  -^ZY  (sobre  el  importante  significado  ffsico  de 
estas  componentes  no  hay  para  que  entrar  en  el  presente  estudio). 

Nada  m&s  simple  que  el  cdiculo  de  estas  expresionee  (23),  en  las  cuales,  adem^  de  lo 
dichotocanteaZy/3Z,  €=2.71828  .  .  .  la  base  de  los  logadtmos  neperianoe. 

Por  ejemplo,  calcular  cob  h  V^Fj  en  que  V^=2.2328+;  5.6114  No.  18,  columna  X, 
del  cuadro) 
Se  tiene,  log  e'''=»2. 2328  log  2. 71828  .  .  . 

»2. 2328X0. 4342944=0. 9697 
.•.f«'«9.326;  c-«'=0. 10728 
«««+€-«lr=9. 4332 
cal-.«-al«9.  21877 

Por  otra  parte 

cos  /9Z»=cos  (5. 6114X57*>296)«coB  321^510 

=C0B  \38^29^=K).  78274 


(24) 


sen  /3Z=sen  \38^29^24=»-0. 62234 
332X0.78274,3^^^^ 

ij(.-^-.--OBen    ,,,/.21877X(-0.62234)^,.^^3^3^ 


Entoncesi  (e-^^-^O  cob  fi^^^^^^^^^^^-Z.mS 
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For  lo  toDto, 

C0flA(2.2328+j5.6114)-3.6918-j2.86« (i) 

For  id^tico  procedimiento  se  obtieixe 

sen  h  (2.2828-hi  5.gll4)»3.6080-i  2.9852 
-4.6513  \39*»  133 
Entonces 

sen jVgF^4.6513  \390  133^  K72omi 

^fZr         6.0393/68^302"^'^^  \^^  ^ 

=0.23075-j  0.73477 (b) 

Ambo6  resultados,  (a),  (b),  por  este  m^todo  que  solo  exige  tablas  tan  comtmes  como 
las  de  Chamber,  concuerdan  perfectamente  con  ks  obtenidos  por  el  de  las  series  y 
que  se  consignan  en  el  cuadro. 

BJBMPLO  NITM^BIOO  OOMPARATiyO. 

Leroy,  en  la  obra  citada  en  la  nota  bibliogr&fica,  trae  el  siguiente  problema  rdativo 
al  proyecto  de  trasmifli6n  de  las  caidas  del  Zambezi  al  Transvaal. 

Lfnea  trifase,  de  1,200  kil6metros,  con  20,000  kilowatts  (cos  «>«1)  en  la  llegadt 
con  100,000  voltios  entre  alambres;  ciclos  por  segundo,  f »25  y  frecuenda  en  radiaMi, 
2Tf«157. 


Comtantes  linealei. 


ConiUmUi  tatdUi. 


/e=116.1  ohm. 
2:=1.3764  henry. 
G=»0.00006  mho. 
C=0.00001218  farad. 


Resistencia,      r=0.0967  ohm/km. 
Inducci6n,         Z=«0.001147  henry/km. 
Gond.  dielec.,  ^=5X10^  mho/km. 
capaddad,         c«-o.01015X10^  farad/km. 

Se  pide  d  voltaje  y  la  corriente  en  la  eetaci6n  generadora. 

Adoptoremos  para  la  comparaci6n  con  la  f6rmula  hiperb61ica  compleja,  el  mModo 
de  Janet  (7),  (8)  y  (9),  que  no  exige  tablas  especiales. 

El  c&lculo  de  las  diversas  constantes,  para  introducirlas  en  estas  tres  dltimaB  f^^ 
mulasda: 

p=.V0.0967'-f0l8^-V0.04175='0.2043  ohm/km. 
j-V(5X10r«)H(159X10r»)»=V25306X10-"-159.5X10^  ohm/km. 
*«^^-oS-l-»«2    ^-610  46^. 

tan^-^lll^-31.8    ^-88^2^ 

Vpg=V0.2043X159.5X  10^=5.66X10. 

cos  ^-coe  13^13^=0.9735;  sen  13''13^=0.2286. 

cos  ^«cos  74^59'=r0.2591;  sen  74«»59'«0.9659. 
a^^  cos  ?±*-5.66Xia-*X0.2591»1.466Xia-*. 

/3-Vpg  Ben  ?±^-5.66Xia-*X0.9659=5.467X10-*. 

2ax=r2X1.466Xia-*X1200=0.852  radianes«20*10'. 
2/5x=.2X5.467X10-*X120e-1.312  radianee-75n0^ 

,«at««^.«M«1.422;  «"**»*=j-^-0.704. 

sen  2i3a;»sen  75''10^»0.9667 
cos  2^r«cos  75^0^-0.2560 


Digitized  by  VjOOQIC 


BNQHirEEBIKG.  469 

(7_115.2'X10' ,     57736'     ,  20000X10*^^  ^^ 
4X159.5   ■^4X0.2045"^3X2X5.66'^"-^^ 
=61.68X108-57.32X10»=119X10» 
D=61.68X10»-57.32X108=4.35X10» 
JE=41.82X10»-81.54X10»=» -39.72X10* 

J^=^^^^X0.2286=26.92X10» 

/»=159.5(119X1.422-f  4.35X0.704-39.72X0.2560-26.92X0.9667) 

=159.5  (172.26-36.17)=21700 
7=^21700=147.3  amperes  en  el  oiigen. 

For  otra  parte 
C^=0.2043X108  (172.26+36.17)=0.2043X10»X208. 43 

=42.6X10* 
t7=V42.6X10«=65270  voltios  en  el  origen.  ' 

Para  calcular  el  desfase  entre  I  y  17,  segtin  (9) 
^^        -0.2286  (119X1.422-4.35X0.704)-f0.9735  (26.92X0.2560-37.92X0.9667) 
*^  ^*  0.9735  (119X1.422-4.35X0.704)+0.2286  (26.92X0.2560-37.92X0.9667) 
-68.64 


-=-0.445 


154.5 

^=-23*59^,  el  voltaje  en  retardo  reepecto  de  la  corriente. 

Apliquemos,  ahora,  a  la  Bo]uci6n  del  mismo  problema,  la  fdrmula  (18),  hiperlxSlica 
compleja: 
El  impedimento  total  es  Z=116.07+j  216.20 
La  admitancia  diel6c.  total  F=60X10^+j  1913. XKT* 
El  producto  de  ambaa,   Zr»  -0.40669+j  0.2350, 
lo  que  no8  8irvi6  m^  atrda  para  calcular  por  el  rn^todo  z,  de  las  series  que 

COB  ^V^=0.80124+j  0.1097 
"?^^F-0.93314+j  0.0376 

Introduciendo  estos  valoree  y  loe  dem^  conocidos  en  (18) 
-B«57736  (0.80124+j  0.1097) +115.5  (116.1+i  216.2)  (0.93314+j  0.0376) 
«46260+j  6834+(18410+j  24970)  (0.98814+j  0.0376) 
=57837+]  30156=65224  /27^31^  voltios  en  el  origen. 

1  =116  (0.80124+j  0.1097)+57736  (0.00006+j  0.0019132)  (0.93314+j  0.0376) 
=92.55+j  12.67 -0.921+j  103.036 

=91.63+]  115.7=148  /51^  20^  ampores  en  el  origen. 

La  coniente,  respecto  del  voltaje  estd  adelantada  en  fase  en 

51*»  20^-27**  3^-23°  49^ 

Los  resultadoB  son  concordantes,  pero  en  el  case  de  la  fdmuiU  hiperbdlica  compleja, 
la  maicha  es  mds  clara,  el  cdlculo  mds  Mdl  y  los  resultados  necesariamente  mds  seguros. 

Los  otros  ejemploe,  (15)  a  (18),  cuyas  constantes  num^ricas  figuran  en  el  miamo 
cuadro,  han  sido  resueltos  por  la  misma  fdrmula  hiperb61ica,  en  la  forma  que  precede, 
y  los  resultados  concordaron  en  todo  case  con  los  obtenidos  por  los  autores  respecUvos 
con  arreglo  a  sus  propio^  procedimientos. 

Gomo  detalle  prdctico  conviene  agregar,  de  paso,  que  la  relativa  dificultad  de  la 
multiplicaci6n  unas  por  otras  de  las  expresiones  complejas,  por  ejemplo  de  la  forma 

2  ss  —  X  ~\.jy  ee  allana  hasta  la  rutina,  adoptando  la  disposicidn  indicada  mis  atr&s  al 
tratarse  de  la  evaluaddn  de  las  funciones  hiperbdlicas  complejas  por  el  m^todo  z. 
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La  ley  de  la  di8tribuci6n  del  voltaje  y  la  corrlente  en  las  lineas  el^trlcaj  con  capa- 
cidad,  conducci6n  diel6ctrica  y  otras  conBtantes  repartidas,  tiene  su  expreed6n  analftica 
m&B  simple  posible  en  la  forma  hiperb61ica  compleja 


^,=^oCoe/iV2F+/^??5^ 


7l=/lCOBAVZF-f^oI"- 


iJhfZY 


.(18) 


La  evaluacion  num^lca  de  loe  factores  correctivoe  cos  h^ZY, 


ihyfZF' 


-ypsr 


mientraB 


las  mejores  tablas  actuales  de  esas  expresiones  no  se  ensanchen  hasta  hacer  que  de 
ordinario  no  haya  necesidad  de  interpolaciones  siempre  complicadas  (por  ser  en  doe 
dimensiones),  puede  hacerse  idcilmente  sin  otra  ayuda  que  las  tablas  logarftmlcas 
usuales. 

El  m^todo  de  las  series  definidoras  de  cos  h  (x+jy)  y  sen  /i  (x+jy)  (23),  ee  exacto 
en  principio  y  no  de  mera  aproxlmaci6n,  bastando  doe  o  tree  t^rmlnos  a  lo  sumo  para 
todo  probable  case  de  trasmisidn  de  eneigia,  realizada  en  las  actuales  condicionee  del 
arte. 

El  m6todo  exponencial-trigonom^trico  (24)  es  igualmente  simple  por  no  exigir 
tablas  especialea,  y  no  tiene  limitaciones  cuanto  a  magnitud  las  componentee  del 
dngulo  complejoVZF  o  de  su  cuadrado  ZY, 

En  resumen,  la  8oluci6n  completa  del  problema  de  las  Ifneas  de  trasmisidn  de 
energfa  o  en  general  de  Ifneas  el^tricas  con  propiedades  constantes  distribufdae,  no 
ofrece  dificultad  o  complicaci6n  alguna,  si  se  emplea  el  m6todo  vectorial,  que  en 
tiltimo  andlisis,  al  tratarse  de  la  f6rmula  hiperb61ica  compleja  (18),  se  reduce  a  laa 
operaciones  aritm^ticas  m&s  elementales. 

El  presente  trabajo  solo  propende,  con  ayuda  de  algunas  consideraciones  pricticas, 
al  eetablecimiento  de  un  hecho  que  mereciera  ser  mejor  conocido  por  profesionales  y 
estudiantes. 

Constantes  nurrUricas  calculadas  para  loa  principales  sistenuu  de  trasmisi6n  en  varias 
partes  del  mundo  y  para  algunos  ejemplos  de  autores  conoddos. 


L 

IL 

m.    • 

IV. 

V. 

Dlstanda 

Fre- 
cuencia. 

Impedancia      lineal 
Ohms  por  aUunbrica 

Admitanda  dielectrics 

en1dl6- 

Kh08  por  al&mbrica 

No. 

Nombro. 

metros. 

Km. 

Km. 

I 

/ 

z 

f 

1 

Paciflo  Llrfit  A  Power  Co. . . 
Au  Sable  Electric  Co 

390 

50 

0  10112+ 

0-41090 

5Xl0r»+ 
"     + 

|2*746X10-» 

2 

3»5 

60 

0-31794+ 

0-5583 

2-808    " 

3 

Southern  Sierras  Power  Co. . 

383 

60 

0-27770+ 

0-4990 

"     + 

8-258    " 

4 

Utah  Power  &  Light  Co.... 

217 

60 

0-13619+ 

0-5040 

"     + 

3-222    " 

5 

Pacific  Gas  &  Electric  Co. . . 

182 

60 

0-22738+ 

0-5037 

"     + 

3-220    " 

6 

T               ~         ~ 

226 

60 

0  •25169+ 

0-5120 

"     + 

3  172    " 

7 

A 

241.5 

60 

0-25109+ 

0-5082 

"     + 

8-073    " 

8 

Bl 

282 

25 

011222+ 

0*1990 

"     + 

1-420    " 

9 

a 

13&6 

50 

0-20053+ 

0-4323 

"     + 

2-606    " 

10 
11 

12 

8< 
H 

245 

60 

0-31823+ 

0-5240 

"     + 

3  102    " 

200 

42 

0-25817+J0-3481 

"     +J2-357    " 

256 

50 

0-34069+ 

0-3996 

"     +j 

12-828    " 

13 

0 

290 

80 

0*34060+ 

0-5728 

"     + 

2-444    ' 

14 

B 

120.0 

25 

0*09673+ 

0  1802 

"     + 

1-504    " 

15 

E 

483 

60 

0-20497+ 

0*4988 

0+ 

3-278    " 

16 

£ 

250 

25 

0-20000+ 

0  1920 

0+ 

1-490    " 

17 

£ 

322 

60 

0 -13044+ 

0-2810 

0+ 

6-848    " 

18 

E 

241.5 

1000 

8-1663  + 

8-620 

0+ 

52*7      " 
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Constantes  nunUrieas  ca2culada$  para  los  principalei  tigtemas  de  tragmiMn  en  varias 
partes  dd  mundo  y  para  algunos  ejemplos  de  autares  conocidos — ContinHa. 


No 


Nombre. 


VL 


Impedaocia 
totaL 


vn. 


Admltazicia  die- 
l^ctrtca  totaL 


vm. 


Cuadrado  del  Angnlo  hlperbdUco  total. 


Faciflo  Light  A 
Power  Co 

Aa  Sable  Electric 
Co 

Southern  SitRas 
Power  Co , 

Utah  Power  & 
Light  Co 

Padflc  Qaa  &  Elec- 
tric Co 

Tenneame  Power 
Co 

Alabama  Power  Co. 

Mississippi  River 
Power  Co 

Chile  Exploration 
Co :. 

Colorado  Power  Co. 

Societli  Italiana  di 
Blettrochlmlca... 

Hidroeldotrica  Es- 
pafiolaMolinar... 

Guadalajara, 
Ifdxioo 

Eiemplo  1  (Leroy). 

Elemplo  2  (Cohen). 

Ejemplo  8  (Ken- 
nelly) 

Ejemplo  4  (Stein- 
mets) 

EJempto  telefdnloo 
(Cohen) 


39-437+jl60'250 

125-60  +J220-53 

106-36  +J191'12 

20M  +J109-87 

41-38  +J  M-67 

66-63  +1116-20 
60-78  +Jl22-73 

26-04  +J  46-17 

27-77  +j  60-87 
77*07  +J128-88 

61-63  + J  68*61 

86-88  +J101'00 

00*80+1161*61 
116  07  +J216-20 
09       +J240*0 

66*6    +j  48 

42       +J  00*48 

1060*6    +J2083 


10*6X10-«+JlO71Xl0-« 
10-76    "    +J1146    " 
+  J1248    " 
+je09    " 
+  J586    " 


10-16 

10*86 

0  1 

11-26 
12*07 

11-6 

6-08 
12*26 

10 

12-76 

14-6 
60 
0 

0 

0 

0 


+  J713-7  " 
+J742-1  " 

+  J  820-3  " 

+  J  360*0  " 
+  J  760     " 

+  J  471*4  " 

+  J  721*2" 

+  J  708*7  " 
+  11913 -2" 
+  J1683-4  " 

+J372-4  " 

+J2206    " 

+J2724   " 


-0  170860+  JO  -046362-0  '17678-166?131 

-0-240060+ J0*148110-0*20062— 140936 

-0 -236443+ JO  136376- 0  *27206-1509022 

—0  *076140+  JO  021842-  0  -07021— 1639993 

—0  *063342+  JO  *025083-  0  *06806— 154981(^ 

-0  -081681+ 10  -041713-0  *00163-162902 
— 0  *0e0344+ JO  -046586-0  10165—1529715 

—0  -014002+  JO  -000111-0  -01747— 1489566 

—0  -021416+  JO  -010437-0  02382— 154901S 
-0  006614+ Jo  060830-0  11417— 1479816 

—0  -031827+  JO  '025025-0  04040— 1419826 

—0  072383+  JO  -063057-0  -0065O-1389537 

-0-106013+ JO-072218-0-8034  —1429603 
—0  -406690+ 10  -235043-  0  -46973—1499973 
—0-3815    +  JO -1567    -0-41243—1519672 

-017875+  JO  -019170-  0  02622—1329985 

•199065+J00924    -0*21946-1559100 

—26  -60     +  J25  -06     -36  '473  —1369604 


No. 


IX. 


Nombre. 


Angulo  hiperbdUoo  lineaL 


Padfio  Light  &  Power 

Co 

Au  Sable  Eleoblc  Ck>... 
Southern  Sierras  Power 

Co 

Utah  Power  &  Lieht  Co. 
Pacific  Gas  &  Electric 

Co 

Tennessee  Power  Co 

Alabama  Power  (3o 

Mississippi  River  Power 

Ck) 

Chile  Ex^oration  Co. . . 

(3olorado  Power  (3o 

Society     Italiana     dl 

Elettroohimioa 

Hidroel4ctrica  Espafiola 

IfpHnftf 

Goadali^Jara,  Mexico.. . . 

Elemplo  1  (Leroy) 

E,  emplo  2  (Ck>hen) 

E,  emplo  3  (Kennellv). . 

E  emplo  4  (Steinmeix).. 

Ejemplo        telefdnioo 

(Cohen) 


0*000140+ JO  00169  -0001078  —829565 
0  000361+ JO -001316-0  0013648-749675 

0  *000353+ JO  *001318- 0 -0013641-76901 1 
0*000181+ JO -001284-0  001207  —819990 

0-000291+ JO'001302-0'001334  —779408 
0  -000316+  JO  001308-  0  0013463—769460 
0*000311+ JO -001283-0*0013202— 769859 

0*000154+ JO -000648- 0*000670  —749279 
0  000251+ JO  001086-0 -001116  —779009 
0 -000382+ JO  001325-0  001379  —739908 

0*000329+ JO -OOOeSl-OOOlOOO  —709909 

0*000439+10*00116(^-0-001240  -009268 
O-00O814+.  0-000867-0-0009774—719288 
0  -000148+  0-000652-0-0006714—749986 
0  000267+  0-001304-0-001330  —789837 
0-000258+  0-000694-0*000048  —669492 
0-000314+ JO-00142  -0-001466  —779660 

0-009126+ JO -02328 -0-02501    -089802 


Angok)  hiperlxSlioo  totaL 


0  -05441+  JO  '41093-  0  -42045-829565 
0  14248+  JO  -51992-0  -53909—749675 

0-13509+ J0-50467-0-5224&-759011 
0  -03919+  JO  -27871-0  '28146— 819990 

0-52930+ JO  •23695-0-2427<^779408 
0  07089+ Jo -29428-0 -30270— 769460 
0 -07520+ JO '30983- 0 -31883-769359 

0  03681+  JO -12722-0 •1321ft-749279 
0  -08470+  Jo  '15040-  0  15435—779009 
0  -09366+  Jo  -32465-  0  -3378^-739908 

0  -06681+ JO  '19016-0-20121—709909 

0 -11193+ JO -20673-0 -31620-099268 
0  09093+  0-24866-0-28344—719288 
0  '17767+  0  -66197-0  '68530-749986 
0  -12441+  0  '63001-0  '64221—789837 
0-06458+  0*14848-0 -16192— 669492 
0*101    +  Jo  *46746-0  46846— 779650 

2-2328  +J6  61140- 6*0893  -689302 
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Constantes  nunUricas  calculada$  para  Iob  principalei  $i»tema»  de  trasmisidn  en  varioi 
partem  del  mundo  y  para  algunoa  ejemploa  de  autore$  conocido$ — ContintUt. 


No. 


Nombre. 


Padflc  Light  &  Power 

Co 

Au  Sable  Blectrfo  Go. . . 
Soatheni  Sierras  Power 

Co 

Utah  Power  &  Light  Co. 
Pacific  Gas  &  Eieotric 

Co 

Tennessee  Power  Co 

Alabama  Power  Co 

Mississippi  River  Power 

Co 

Chile  Exploration  Co . . . 

Colorado  Tower  Co 

Society     Italiana     di 

Elettroohimica 

Hldroel^trlca  Espafiola 

MoUnar 

Quadal^ara^  Mexico.. . . 


emplo  1  (Leroy). 


emplo  2  (Cohen) 

emplo  3  (Kennelly). . 
E,  emplo  i  (Steinmets).. 
Ejemplo         teler<)nico 

(Cohen) 


XL 


Cwh-JMV 


0*01570  +M)-02204  -i0*9159&-  19883 
0-87e70  +JO*07100e-O-S7»7—  49W3 


-0 


49941 


0-88883+JO 

0*90215  +10*01078  -0*96222—  09641 

0*97342  +10*01243  -0*9735  —  09733 
0*96941  +]0'02057  -0*99063—  19230 
0*95507  +  Jo  02295  -0*95534—  19375 

0*922565+ JO  00454  -0*99257—  09260 
0*98931  +10*00520-0*96932—09878 
0*96193  +  JO  02993  -0*95244—  19800 

0*98410  +J0*01245  -0*98120-  09725 

0*96886  +10*03109  -0*96437—  19880 
0*94726  +  0*036473-0*94790-  29161 
0*80124  +  0*10970  -0*80872—  79800 
0*81428  +  0*07349  -0*81758—  59158 
0-99106  +  0*009618-0*99111—  09560 
0*80900  +JO-04500  -0*90017—  29980 

8*69170  -  2-88886  -4*6754  —879850 


xn. 


0*97175+ JO  *00743  -Q-OHTS—  0?4« 
0*96868+ JO -02464  -0*90000—  19467 


0-96090+ JO-02220  -0-96116—  193S 
0*98735+ JO  *00361  -t'98786—  092U 

0-99113+  0-00416  -0-99114—  99344 
0*98644+ JO *00e00  -0*98646—  O?400 
0*98500+ JO-00700  -0*96503—  4»94lO 

0*99752+ JO -001616-0 -9971B—  09IM 
0-99643+ JO -00174  -0*99644—  0?1M 
0-98394+ JO *01004  -0*98389—  09S8I 


0*99470+ JO -00416  -0*99471-  09240 

0-98706+ JO -01058  -0*96801—  09610 
0*98289+  0 -01191  -0*96246—  09«i 
0*98314+0-03760  -0-93880—  39106 
0*98743+0*02614  -0-0S779—  19Sn 
0*99702+  0*00319  -0*99708—  09180 
0 -96616+ JO -01561 -0*f 


-0 -23075- JO  *73500  -0  *77086-739S7» 


OfiSSBTAClONBS. 

Nos.  1  a  18.  Los  datoe  aobre  dlstanda,  f reouenda,  seooidn  de  los  oondnotores  y  disposicidn  de  eUoa.  datof 
que  han  servldo  de  base  a  las  presentes  constantes  num^ricas,  son  tornados  de  un  cmidfo  "  Details  of  Traoi- 
mission  Systems,  etc./'  Supplement  to  The  Etootrioal  World,  abril  26, 1914. 

Nos.  14  a  18.  Estos  problemas,  resueltos  por  diversas  fdrmuuis  segdn  cada  autor.  j  cu/os  detalles  pgodm 
verse  en  las  obras  respectivas  (v^ase  la  Nola  Bibliogr&fica),  se  resuelven  con  m&s  faoUidad  t  preol^on  apB- 
cando  direotamente  la  fdrmula  hiperbdlica  compleja,  basada  linloamente  en  las  ezpredones,  oolumaii 
XI  y  XII. 

Columna  IV.  Para  la  componente  r,  de  z,  en  loe  casoi  1  a  13,  se  ha  multlpUcado  la  reslstencia  ordlnaria 
por  el  factor  correctivo  de  corriente  altema. 

Columna  V.  Para  la  componente  ^,  de  y ,  esUmada  eeoeralmente  oomo  nula,  se  ha  adoptado  (eo  1  a  IS), 
oomo  mera  aproximacidn,  el  guarismo,  que  trae  Leroy  en  su  ejemplo.    Para  la  componente  6,  se  ha  adopted^ 

la  formula  antehiperbdllca  ^  i^-  2?/g  ^^'"^  ^  o&loulo  de  la  oapaddad  lineal. 

Colomnas  XI,  xn.  Calculadas  con  toda  aproxlmaddn  por  las  series  deflnidoras  de  los  simbolos  oos  h 
-J^V",  sen  h  V^  (MoVft'ion,  Hyperbolic  Functions,  p.  39).  Salvo  para  el  ejemplo  telefteloo,2  i^  8 
t^rminos  en  ZY  han  bastado. 

NOTA  BIBUOORAfICA. 
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Tables  of  Complex  Hyperbolic  and  Circular  Functions.  By  A.  E.  Kennelly.  Cam- 
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Smithsonian  Mathematical  Tables:  Hyperbolic  Functions.  By  G.  F.  Becker  and 
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Formulae  and  Tables  for  the  Calculation  of  Alternating  Current  Problems.  By 
Louis  Cohen.    New  York,  McGraw-Hill  Book  Company,  1913. 

Lemons  d'^lectrotechnique  G^^ale  (Tome  11).  Par  P.  Janet.  Paris,  Gauthier- 
ViUars,  1910. 

Distribution  d'^neigie  ^ectrique.  (Deuxi^me  partie.)  Par  C.  Leroy.  Paris, 
Hermann  et  fils,  1913. 

Las  Fimciones  Hiperb^cas  y  su  Aplicaci6n  a  Problemas  de  Ingenierfa  El^trica. 
Por  A.  E.  Salazar.  Quillota,  Francisco  Enrfquez,  1913.  Opdsculo  eobre  la  obra  del 
mismo  nombre  de  Kennelly. 

The  Chairman.  It  is  particularly  gratifying  to  know  that  this 
valuable  paper  will  be  in  print.  If  there  is  no  discussion  I  beg,  on 
your  behalf,  to  express  to  Prof.  Salazar  our  very  great  thanks  and 
appreciation  for  his  presence  here. 

We  will  now  have  a  paper  by  Mr.  Theodore  Varney,  of  the 
Aluminum  Co.  of  America,  on  the  subject  of  *^Uuminum  conductors 
for  electric  transmission  lines." 


CONDUCTORES  DE  ALUMINIO  PARA  LfNEAS  DE  TRANSMISION 

ELfiCTRICA. 

Por  THEODORE  VARNEY, 

Aluminum  Company  of  Ammica^  Pittsburgh ^  Pa. 

La  primera  linea  trasmisora  de  potencia  el6ctrica  a  larga  distancia,  Uevada  a  efecto 
en  una  eecala  de  importancia  pr^tica,  fu6  la  de  la  instalaci6n  de  Lauffen-Frankfort, 
hecha  en  1891.  Los  conductores  de  aluminio  para  llneas  trasmifloras  fueron  usados 
pot  primera  vez  en  tree  plantas  hidroel^tricas,  establecidas  en  la  costa  del  Pacifico, 
de  los  Estados  Unidos,  durante  el  afio  de  1898.  Ya  en  esta  liltima  fecha  la  producci6n 
del  alimiinio  habfa  ddo  deearroUada  desde  el  punto  interesante  de  las  experimenta- 
ciones  en  el  laboratorio  hasta  el  grade  de  convertirse  en  una  industria  manufacturera 
de  importancia  trascendental. 

Como  en  los  primeros  tiempos  de  la  eyoluci6n  cientffica  de  la  tra8mi8i6n  electrica 
los  ingenieros,  necesariamente,  se  ocupaban  del  desarrollo  de  la  maquinaria  apropiada 
para  convertir  la  energfa  mecdnica  en  electrica  en  las  estaciones  generadoras,  asf  como 
de  la  construcci6n  de  la  maquinaria  para  obtener  resultadoe  inversos  en  el  extremo 
receptor  de  la  llnea,  la  construcci6n  de  la  llnea,  en  si  misma,  era  de  importancia 
secundaria. 

Lu^o  que  el  arte  de  trasmitir  se  desarroll6  y  las  unidades  generadoras  crecieron  en 
proporci6n  y  aumentaron  en  eficacia,  se  puso  mds  atenci6n  a  los  detalles  que  deblan 
concurrir  para  la  construccidn  de  la  linea  trasmisora. 

El  arte  de  la  trasmifli6n  electrica  recibi6  entonces  un  gran  impulso  cuando  se  puao 
en  juego  el  desarrollo  de  las  propiedades  aisladoras  del  aceite  mineral,  propiedades 
que,  en  consecuencia,  hicieron  posible  la  adquisici6n  de  enoimes  potenciales  el6ctrico8. 

Aunque  el  aceite  mineral  fu^  usado  en  la  primera  linea  de  Frankfort,  posteriormente 
ha  quedado  demostrado  que  no  Uena  perfectamente  ese  prop6sito,  y  que  la  porcelana 
es  el  material  que  da  los  mejores  y  m^  seguros  resultados. 

Cuando  se  aument<5  el  voltaje  en  la  linea  se  necesitaron  entonces  tramos  m^  largos  y 
menos  puntos  aisladores  de  sost^n.  Se  comenzaron  a  sustituir  los  postes  de  madera 
por  basamentos  o  bastimentos  de  acero,  y  los  ingenieros  pusieron  mds  atenci6n  a  las 
caracterlsticas  de  los  conductores. 

Era  natural  que  en  los  primeros  tiempos  se  hubieran  Uevado  a  efecto  los  ensayos 
necesarios  para  poder  usar  el  aluminio  en  la  misma  forma  en  que  habla  side  empleado 
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el  cobre;  es  decir,  en  alambres  861ido8  de  considerable  grueeo.  Mis  tarde  se  intro- 
dujeron  loe  conductores  de  alambre  torcido,  conflistiendo  algonoe  de  ^etoe  en  un 
reducido  ntimero  de  hilo6,  los  cualee  en  algunoe  casoe  no  pasaban  de  tree.  Para  laa 
llneas  de  alta  tensi6n  se  instalaron  conductores  de  todo-aluminio  puro,  de  siete  hilos  y 
muchos  kildmetros  de  longitud,  y  entoncee  se  piisieron  en  servicio  cables  de  may^ 
longitud,  para  menor  voltaje,  en  las  redes  abastecedoras.  Estos  dltimos  constaban  de 
muchos  failos,  con  objeto  de  obtener  la  flexibilidad  neceearia,  de  la  misma  manera 
que'  se  fabricaban,  y  se  fabrican  todavia,  loe  cables  de  cobre. 

Durante  esta  6poca  el  alumlnio  no  di6  sefiales  de  peculiaridad  alguna  ni  mostr6 
caracterfsticas  inesperadas;  quedando  desde  entonces  demoetrado  que,  teniendo  en 
cuenta  bus  bien  definidas  peculiaridades  f  isicas,  daba  los  resultados  deseados,  y  que  de 
inf  ringirse  dichas  peculiaridades  caracterlsticas  el  aluminio  no  darfa  los  reeultadoe  que 
de  61  se  esperaban  como  conductor. 

Importa  anotar  aquf  cu&les  son  esas  peculiaridades: 

1.  En  primer  lugar  su  ligereza  pues  teniendo  una  gravedad  especlfica  de  2.705,  su 
peso  equivale  a  un  30}  por  ciento  del  peso  del  cobre,  y  a  un  35  por  ciento  del  del  hi^io. 

2.  El  promedio  de  conductibilidad  del  aluminio  puro,  forjado  en  Mo,  es  igual  al 
61  por  ciento  del  cobre  forjado  en  Mo,  y  como  la  conductibilidad  del  alambre  de 
cobre,  forjado  en  Mo,  se  toma  en  97  por  ciento,  el  graeso  de  los  cables  de  uso  comercial 
ordinario  es  un  59  por  ciento  m^  grande  que  el  de  los  cables  de  cobre,  forjado  en  Mo, 
de  igual  conductibilidad.  Por  tanto,  el  aluminio,  para  una  conductibilidad  igual  a 
la  del  cobre,  pesa  aproximadamente  un  48}  por  ciento  del  peso  del  cobre. 

3.  El  aluminio  ofrece  mayor  resistencia  a  las  influendas  atmosf Ericas  que  el  aceio 
y  el  cobre.  Entre  tales  influencias  las  principales  son  las  de  los  icidos  sulfdreos 
despedidos  por  locomotoras  y  otros  gases  produddos  por  materias  en  combusti6n,  etc. 
El  ^do  hidroclorfdrico  y  las  soluciones  c&usticas,  poderosas  y  que  alcanzan  grades  de 
alia  temperatura,  disuelven  f&cilmente  el  aluminio. 

4.  En  aluminio  pure,  el  Ifmite  de  elasticidad  y  su  grade  total  de  fuerza  son  menores 
que  en  el  cobre.  El  Hmite  de  elasticidad  del  aluminio,  forjado  en  Mo,  es  de  985 
kilogramos  por  centfmetro  cuadrado,  y  la  fuerza  Ultima  es  de  1.688  kilogramos  por 
centlmetro  cuadrado.  Si  la  longitud  de  un  tramo,  la  dimensi6n  o  gnieso  del  conductor 
y  el  peso  del  viento  y  del  hielo  combinados  producen  una  tensi6n  en  el  cable,  mayor 
de  985  kil6gramo8  por  centfmetro  cuadrado,  el  resultado  ser&  obtener  una  tensi6n  per- 
manente  en  el  cable;  es  decir,  que  su  contracci6n,  pasado  el  Ifmite  mencionado  de  985 
kilogramos,  no  le  permitiri  volver  a  su  forma  primitiva.  Una  vez  pasado  ese  Ifmite  la 
extensi6n  o  alaigamiento  causado  por  los  pesos  mencionados  continuar&  sobre  el  cable 
hasta  que  su  comba  haya  aumentado  a  un  punto  tal  que  la  tirantez  quede  reducida  a 
un  grade  igual  al  del  Ifmite  de  resistencia  del  cable  o  bien  hasta  que  6ste  se  rompa. 

En  6pocas  anteriores  la  mayor  de  las  dificultades  con  que  se  tropezaba  en  este  res- 
pecto  era  la  infracci6n  de  los  requisites  ffsicos  mencionados  en  el  pdrrafo  anterior:  si  el 
cable  es  delgado  y  el  tramo  es  largo,  la  comba  necesaria  que  tiene  que  producirse  para 
mantener  el  Ifmite  de  elasticidad  en  la  If nea,  cuando  esta  eetd  cargada  de  hielo  durante 
el  inviemo.  produce  u  ocasiona  una  flojedad  en  las  instalaciones  cuando  Uega  el  verano. 
Ahora  bien,  liay  otra  dificultad  que  siempre  hay  que  veneer:  si  los  alambres  de  una 
If  nea  son  instalados  de  una  manera  floja,  o  sea  con  poca  tensi6n,  dichos  conductores  se 
queman  por  contacto  producido  x>or  el  soplo  del  viento.  Por  tanto,  tiene  siempre  que 
existir  una  relaci6n  justa  (que  no  es  la  misma  en  todos  los  lugares)  entre  el  tamaflo  del 
conductor  y  el  espado  comprendido  entre  el  cable  fijado  horizontalmente  y  la  curva 
permitida. 

5.  El  aluminio  puede  ser  soldado,  pero  esta  operad6n  es  diffdl  de  Uevarse  a  cabo  con 
la  misma  facilidad  con  que  se  efecttia  en  el  laboratorio.  Por  consiguiente  es  eeendal 
hacer  861ida6  conexiones  que  ofrezcan  una  presi6n  firme  y  que  permanezcan  intactas 
diuitnte  un  perfodo  indefinido.  Si  los  alambres  est^  torddos  flojamente,  el  paso  de  la 
corriente  producird  una  especie  de  capa  el6ctrica  de  alta  resLstenda  que  aiunentar4 
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el  calor  en  loe  empalmes  y  destniidl  las  uniones.  £1  remedio  para  ese  mal  ee  sendllo 
y  consiste  simplemente  en  usar  junturas  mecdnicas  que  se  ajusten  debidamente  a  loe 
cables  y  sean  mantenidas  con  firmeza  en  contacto  con  la  Bux>erficie  del  cable,  por 
medios  mecdnicos. 

6.  El  aluminio  es  un  metal  blando  que  algunas  voces  se  gasta  debido  al  frotamiento 
contra  los  aisladores.  Por  tanto,  cuando  hay  largos  tramos  de  cable  que  descansan 
sobre  aisladores  en  forma  de  clavijas,  ^stos  deben  ser  protegidos  por  medio  de  cubiertas 
hechas  de  Idminas  de  aluminio,  o  Men  x>or  medio  de  envolturas  de  alambre  del  referido 
metal .  Sobre  cables  de  aluminio  al  descubierto  todas  las  ligaduras  que  se  hagan  deben 
ser  de  alambre  de  alimiinio.  Las  ligaduras  alimbricas  de  cobre,  el  alambre  de  ptias 
o  el  alambre  para  atar  pacas  de  heno,  no  son  adecuados  aunque  algunas  voces  suelen 
ser  usados  provisionalmente.  Cuando  se  usen  aisladores  de  tipo  colgante,  deber& 
protegerse  la  parte  del  cable  que  va  dentro  de  la  abrazadera  por  medio  de  envolturas 
hechas  de  l&minas  de  aluminio. 

Despu^s  de  la  introducci6n  del  aluminio  para  conductores  %16ctricoe  se  puso  de 
manifiesto  que  de  encontrarse  un  nuevo  conductor  que  reuniera  en  sf  la  ventaja  del 
poco  peso  del  aluminio  con  la  resistencia  del  mejor  acero  &bricado  en  el  mercado  para 
uses  comerciales,  se  obtendrfan  los  mejores  resultados.  Se  &bricaron  entonces  cables 
de  esta  natundeza,  los  cuales  se  han  puesto  en  servicio  en  tan  diversas  localidades  y 
bajo  tal  variedad  de  condiciones,  que  ha  quedado  plenamente  demostrada  su  eficada. 

Dichos  cables  constan  de  una  alma  de  acero  al  derredor  de  la  cual  van  enroscados 
alambres  de  aluminio.  El  acero  para  los  cables  delgados  consiste  en  un  solo  hilo,  y 
en  los  de  grueeo  tamafio,  consta  de  varies.  El  alma  de  dichos  cables  es  de  acero  de 
calidad  ''extra  fuerte,"  que  tiene  un  grade  total  de  resistencia  la  cual  pasa  de  11,250 
kilogramos  por  centimetre  cuadrado,  un  Ifmite  de  elastiddad  de  9,140  kilogramos  x>or 
centimetre  cuadrado  y  una  elongaci6n  o  alaigamiento  total  de  un  4  por  ciento  por  cada 
46  centimetres  lineales.  Estos  hilos  son  doblemente  galvatdzados,  y  una  vez  que  los 
alambres  de  aluminio  quedan  colocados  sobre  el  acero,  al  derredor  del  cual  se  ajustan 
perfectamente  a  causa  de  la  tensi6n  ocasionada  por  el  peso  que  experimenta  el  cable, 
el  acero  queda  casi  completamente  protegido  contra  la  accidn  corrosiva  del  ambiente. 
Esta  protecci6n.se  debe  tanto  a  que  la  envoltura  del  aluminio  impide  casi  por  com- 
plete que  la  humedad  x>6netre  al  alma  de  acero,  como  tambi^n  debido  a  la  propiedad 
de  la  peHcula  aisladora  de  6xido  que  se  forma  endma  del  aluminio  y  que  tiende  a 
impedir  el  escape  de  peqveilas  corrientes  locales.  Otra  particularidad  ventajosa  que 
se  agrega  a  las  condiciones  anteriormente  enumeradas,  consiste  en  el  hecho  de  que 
el  zinc  y  el  aluminio  son  m^  vecinos  en  las  series  electroquimicas  que  cualesquiera 
otros  dos  metales  de  use  comtin. 

Es  de  gran  importancia  para  el  ingeniero  saber  determinar  la  declinaci6n  y  tirantez 
producidas  por  los  conductores  trasmisores  de  la  Ifnea,  que  deben  ir  soportados  por 
torres  y  aislados  tanto  entre  si  como  del  suelo.  Es  esendal  conocer  el  funcionamiento 
de  estos  conductores  cuando  quedan  sujetos  a  cambioe  de  temperaturas  lo  mismo  que 
a  los  pesos  variables  del  viento  y  del  hielo. 

La  teorla  y  la  pr&ctica  han  puesto  al  alcance  del  ingeniero  las  f6rmulas  exactas  para 
poder  determinar  la  declinaci6n  y  tirantez  bajo  diferentes  condiciones  de  tempera- 
tura  y  peso  para  cables  de  un  solo  material,  tal  como  el  cobre,  el  acero  y  el  aluminio. 
Aparentemente  no  es  tan  fdcil  para  los  ingenieros  que  no  hayan  tenido  experiencia  con 
los  cables  de  aluminio  reforzados  con  acero,  el  saber  determinar  las  condiciones  de  este 
material  tan  complejo.  Para  llenar  las  condiciones  de  este  articulo  nos  es  necesario 
^visar  las  f6rmulas  en  las  cuales  se  basen  los  cdlculos  hechoe  para  materiales  simples; 
y  por  tanto  seri  suficiente  decir  que  las  mismas  f6rmulas  pueden  ser  usadas  cuando  se 
trate  de  cables  de  aluminio  reforzados  de  acero,  siempre  que  sean  empleadoe  los  debidos 
valores  virtuales  para  los  m6dulos  de  elasticidad  y  coeficiente  de  expansidn  de  un 
cable  compuesto. 
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Suponiendo  que  un  cable  tenga  una  seccidn  IransverBal  de  un  centlmetro  cuadrado 
de  di^uQietaro,  de  la  cual  una  parte  es  de  aluminio  y  otra  de  acero;  y  repreeentamos  por 
H^  la  proporci6n  de  drea  total  de  aluminio,  y  por  jET,  la  proporci6n  del  acero,  tendremoe: 

(1)  T^=T^H^+T.H. 

por  lo  cual, 

T^^^tensidn  por  centfmetro  cuadrado  en  el  cable  compueeto. 

T«  «ten8i6n  por  centimetre  cuadrado  en  la  parte  de  aluminio. 

T.  Bten0i6n  por  centlmetro  cuadrado  en  la  parte  de  acero. 

Siendo  los  t^rminoe  anteriores  para  cualquier  grueso  del  cable,  la  elongaci6n  en  la 

porcidn  de  aluminio  del  cable  seri: 

T 
Elongaci6n=  j^- 

y  en  la  del  acero, 

T 
Elongaci6n=y 

Como  las  dllataciones  tanto  del  acero  como  del  aluminio  son  igualee  debido  a  las 
empalmaduras  de  dncora  que  sujetan  a  ambos  metaloe,  tendremos: 

T      T      T 

I>e(l)y(2), 
(3)  M,,^M,U,^M,H, 

De  donde  se  obtiene: 

J/'m— M6dulo  de  elastic Ldad  del  cable  compuesto. 

M^  sM6dulo  de  elasttcidad  de  la  parte  de  aluminio. 

M,  a=M6dulo  de  elasticidad  de  la  parte  de  acero. 

La  ecuaci6n  (2)  se  refiere  a  cualquiera  dilataci6n  dentro  del  Ifmite  de  elasticidad 
tanto  del  aluminio  como  del  acero.  Es  importante  saber  cu^  ee  el  efecto  en  caso  de 
que  el  peso,  y  por  consiguiente  la  dilataci6n  o  elongaci6n,  exceda  al  que  correeponde 
al  Ifmite  de  elasticidad  del  aluminio.  El  limite  de  elasticidad  del  aluminio  es  de 
985  kilogramos  por  centimetre  cuadrado;  para  el  acero,  9,140  kilogramos  por  centi- 
metre cuadrado.  El  m6dulo  para  el  aluminio  es  de  633,000  kilogramos  por  centi- 
metro  cuadrado  y  para  el  acero  es  de  2,040,000  kilogramos  por  centimetre  cuadrado. 
Supongamos  tambi^n  que  tenemos  un  cable  compuesto  de  un  hilo  de  acero  y  de  seis 
de  aluminio. 

Tendremoe  entonces: 

^^=^=.857    yJ7.=i=.143 

Supongamos  que  el  peso  del  cable  compuesto  aumenta  hasta  que  la  tensi6n  por 
cent^etro  cuadrado  en  la  parte  de  aluminio  es  de  985  kilogramos.  La  ten8i6n  por 
centimetre  cuadrado  en  el  acero,  con  un  peso  igual  al  mencionado,  serd  de  (2): 

M 

r^=»y  r.=3,180  kilogramos  por  centimetre  cuadrado. 

yde(I) 

r„=r,fl;-|-T,jEr,=8404-450=l,290  kilogramos  por  centimetre  cuadrado. 

Elongaci6n«  q^5q5=.00156-.156  por  ciento. 

Si  el  peso  del  cable  fuere  aumentado  mds  alld  del  limite  mencionado,  digamos 
hasta  que  la  tensidn  sobre  el  acero  alcanzare  su  tiltimo  grade  de  elasticidad,  de  9,140 
kilogramos  por  centimetre  cuadrado,  la  elongaci6n  del  acero  serd  asi: 
Q  140 

Elongaci6n  del  acero:  z^^OO""'^^^^^^^'^^  ^'  ^*®^*^' 
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J^a  elongacidn  del  aluminto  debe  ser  la  miema,  pero  una  vez  pasado  su  Ifmite  de 
elastic idad,  el  aluminio  continuard  extendi^ndose  con  muy  poco  aumento  en  su 
extension.  Por  tanto,  la  ten8i6n  en  un  cable  compuesto,  sujeto  al  limite  de  elastici- 
dad  del  acero,  es  de: 

T„=  r.ff^+T,JEr,=985X.857-f  9,140X.143 

=840    4-l|310=2,150  kilogramoB  por  centimetro  cuadrado. 

Oomo  el  limite  de  elongacion  del  aluminio  ee  de  mds  de  1.5  por  ciento^  no  hay  peli- 
gro  de  que  se  rompa  al  llegar  a  ese  punto,  y  por  tanto,  el  reeultado  obtenido  al  aplicar 
ese  peso,  es  simplemente  con  objeto  de  endurecer  levemente  el  material. 

Si  reduj^ramos  el  peso,  el  cable  se  contraeria  en  una  cantidad  ignal  a  la  reducci6n 

por  centfmetro  cuadrado  de  todo  el  cable,  dividida  por  el  m6dulo  virtual  del  cable. 

Ea  decir,  que  el  cable  obedecerfa  la  ley  de  un  material  el^tico  hasta  que  la  contrac- 

T 
ci6u  iguala  la  cantidad    /  (.156  por  ciento).    En  cualquiera  otra  reduccidn  adicional 

* 

de  peso,  el  aluminio  qucda  sin  tensi6n  alguna  y  todo  el  peso  del  cable  se  concentra 

Bobre  la  parte  de  acero. 

Serd  evidente  pues  que  si  un  cable  de  aluminio,  reforzado  con  acero,  se  desennollare 
de  su  carrete  y  se  templare  a  cualquiera  tenBi6n,  aunque  esta  llegare  al  limite  de 
elasticidad  del  acero  que  dicho  cable  contenga,  dando  por  sentado  tinicamente  que 
las  abrazaderas  que  amarrcn  el  aluminio  y  el  acero  impidan  que  haya  movimiento 
alguno  entre  los  materlales  en  los  puntos  de  uni6n,  en  ningdn  otro  punto  del  cable  se 
r^pLstrard  movimiento  alguno  de  importancia. 

Esta  proposiddn  ee  tambi6n  verdadera  durante  la  contracci6n  del  cable,  debido  a  la 
reducci6n  del  peso  hasta  llegar  al  pimto  en  que  el  aluminio  cesa  de  quedar  sometido 
a  tensi6n  alguna.  Si  el  peso  fuera  reducido  a  cere — que  no  es  posible  mientras  el  cable 
cuelgue  de  bus  soportes— la  cantidad  mdxima  de  movimiento  posible  entre  los  mate- 
dales  queda  en  el  siguiente  orden:  .448%  —.156%  a.292%.  Tiene  que  ser  evidente 
pues  que  ese  cambio  relative  en  longitud  serfa  contrarrestado  por  un  cambio  tan 
infinitesimal  en  el  tamafio  de  la  h61ice  formada  por  el  enrollamiento  de  los  hiloe  de 
aluminio,  que  serla  imposible  tropezar  con  dificultad  prictica  alguna  debida  al 
aprisionamiento  del  cable  en  sus  mismos  hilos. 

Debo  advertir  a  este  prop<5sito  que  cuando  se  desenrolla  de  su  carrete  un  cable 
nuevo,  los  hilos  de  aluminio  que  lo  envuelven  no  se  apnetan  fuertemente  al  derredor 
del  alma  de  acero.  Esto  es  debido  a  una  pequefia  elongaci6n  inicial  del  acero  antes 
de  que  las  vueltas  de  los  hilos  de  aliuninio  sean  puestas  en  tensi6n.  Este  hecho 
diaminuye  todavia  mds  la  cantidad  relativa  de  movimiento  posible,  debida  a  cualquier 
estado  atmosf^co.  Debedl  tambi^n  tenerse  en  cuenta,  a  este  propiSsito,  que  si  se 
instala  un  cable  nuevo  en  una  ^poca  en  que  no  haya  ni  vientos  ni  granizo,  y  dicha 
instalaci6n  se  hace  de  acuerdo  con  las  flexiones  obtenidas  por  medio  del  m^todo  que 
describimos  a  continuaci6n,  el  maximum  supuesto  de  tensi6n  bajo  el  peso  del  hielo  y 
del  viento  nunca  llegari  a  ser  alcanzado.  Si  esta  condici6n  se  diere  como  admitida 
al  tiempo  de  tender  un  cable  nuevo,  bastard  darla  a  este  una  comba  un  poco  menos 
pronunciada. 

Gonsiderando  ahora  el  efecto  del  cambio  de  temperatura  ejercido  sobre  el  cable,  se 
tendrd: 
G^^coeficiente  virtual  de  expansidn  del  cable  compuesto. 
Oa  »coeficiente  virtual  de  la  expansi6n  de  la  parte  de  aliuninio. 
Of  ncoeficiente  virtual  de  expansidn  de  la  parte  de  acero. 

Supongamos  ahora  que  el  cable  compuesto  fuere  anclado  en  uno  de  sus  extremes, 
y  que  en  el  otro,  por  medio  de  una  agarradera  se  aplicara  un  peso  que  pudiera  poner 
los  hilos  del  cable  a  la  misma  tension.  El  peso  produciri  un  alargamiento  en  pro- 
porci6n  inversa  al  de  los  m6dulos  virtuales  del  cable. 
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Supongamoe  tambi^n  que  la  temp^utura  del  cable  se  elevara  a  N  gradoe  permane- 
ciendo  constante  el  peso  del  cable.  £1  alumiido  se  dilatari  antes  que  el  acero,  v 
entoncee  el  peso  gradualmente  se  trasladari  del  aluminio  al  acero,  el  que  a  su  vez  se 
dilatar4  m^  y  compensaii  el  aumento  de  longitud  del  aluminio  debido  a  la  mayor 
expan£d6n  de  este  ditimo  metal. 

El  proceso  anterionnente  narrado  tiene  que  continuar  gradualmente  en  proporcidn 
a  la  elevaci6n  de  la  temperatura  hasta  que  toda  la  tensi6n  sea  removida  del  aluminio 
y  el  peso  total  se  concentre  entonces  sobre  el  acero.  Sin  embargo,  hasta  este  punto 
no  ha  habldo  movimiento  relative  entre  el  aluminio  y  el  acero. 

La  elongacidn  total  del  cable  se  expresa  de  la  siguiente  manera: 

(4)  ^«^+:fe=^a^+:^ 

y  (5)  ^«^+^=<^»^+:§ 

Eliminando  Ny  combinando: 

fiw^tj^-^     Vat 

Goi—Oa     Tg     Tgt 

Ma     Mat 

En  el  punto  en  que  la  ten8i6n  toca  a  su  limite  en  aluminio  y  lo  abandona: 

^-Oy2V=g? 

Gaa — Oa  MgHg        MgHg 

Simplificando: 

(6)  «~=(^)«'+(^)«- 

Para  cualquier  elevaci6n  de  temperatura,  la  expansi6n  del  cable  sigue  el  coefidente 
del  acero,  toda  vez  que  el  peso  descansa  completamente  sobre  el  acero. 

Es  necesario  detenemos  en  derta  parte  del  c&lculo  con  objeto  de  determinar  el 
punto  en  el  cual  el  m6dulo  compuesto  y  el  coefidente  no  deben  de  tenerse  en  con- 
6lderad6n,  y  tomar  entonces  los  valores  del  acero.  Esto  se  logra  computando  la 
longitud  del  arco  que  corresponde  a  la  declinad6n  produdda  por  la  temperatura  al 
elevarse,  de  la  misma  manera  como  es  encontrada  al  usar  las  fundones  de  los  com- 
puestos.  Si  dicha  longitud  es  menor  que  la  de  la  parte  de  aluminio  del  cable,  sin 
estar  sujeto  a  tensidn,  entonces  deber&repetirse  el  cdculo  usando  tinicamente  las  fun- 
clones  del  acero. 

El  deseo  del  autor  es  evitar,.tanto  como  sea  posible,  la  discusi^n  puramente  tunica, 
y  solamente  durd,  para  provecho  de  los  ingenieros  que  se  hallen  interesados,  que  el 
trabajo  de  los  dUculos  de  flexi6n  para  cables  de  aluminio  reforzados  con  acero  puede 
arreglarse  sistem&ticamente,  de  manera  tan  pr^tica  que  no  requiem  mds  lab<»ioBidad 
que  aquella  que  se  empleare  al  tratar  de  metales  simples. 

La  tabla  de  la  figuia  1  da,  en  columnas  paralelas,  apropiadas  para  compensad6n,  los 
datos  siguientes  relatives  tanto  a  un  cable  de  aluminio  reforzado  con  acero,  como  al 
cobre  de  conductibilidad  equivalente. 

El  di&metro  exterior  (grueso)  en  mllfmetros  del  cable  completamente  descubierto. 

El  peso  en  kilogramos,  por  metro,  del  cable  completamente  descubierto. 

El  If  mite  de  elasticidad,  en  kilogramos,  del  cable  complete;  el  cual  estd  basado  en 
2,100  kilogramos  por  centf metro  cuadrado,  en  cuanto  al  cobre;  985  kilogramos  por 
centf metro  cuadrado  para  el  aluminio  y  9,140  kilogramos  por  centimetre  cuadrado 
para  el  acero. 
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La  resultante  de  peso  por  cada  metro  de  cable,  se  obtiene  teniendo  en  cuenta  tres 
diferentes  condiciones  del  peso  del  hielo  y  del  viento.  Dichas  condiciones  se  llaman, 
respectivamente,  clases  A  B  y  C,  de  conformidad  con  lo  recomendado  por  la  National 
Electric  Light  Association. 

En  la  clase  A,  estd  comprendida  la  preei6n  horizontal  del  viento,  de  73.2  Idlogramos 
por  metro  cuadrado  en  una  &rea  proyectada  de  cable  descubierto,  combinada  con  el 
peso  vertical  del  cable  descubierto. 

En  la  clase  B,  se  admiten  12.7  milfmetros  de  hielo  al  derredor  del  cable  y  una  presidn 
horizontal  del  viento,  de  39  kilogramos  por  metro  cuadrado,  en  una  drea  de  cable 
cubierta  de  hielo.  La  pre8i6n  del  viento  estd  combinada  con  el  peso  vertical  del 
cable,  agregado  el  peso  del  hielo. 

La  clase  C,  es  parecida  a  la  clase  B,  con  excepci6n  del  espesor  de  la  capa  de  hielo, 
que  ee  tornado  en  19  milimetros,  y  la  pre8i6n  del  viento,  en  54  kilogramos  por  metro 
cuadrado. 

Se  supone  que  las  tres  condiciones  de  pesantez  ocurren  a— 17.8°  centfgrados. 

Las  resultantes  del  viento  y  las  pesanteces  verticales  actdan  sobre  un  dngulo  deede 
la  vertical.    Para  comparaci6n  damos  estos  dngulos  en  las  tablas. 

La  componente  vertical  de  la  resultante,  o  sea  la  flexi6n  producida  por  el  peso,  es 
importante  conocerla  al  tener  en  consideraci6n  el  tramo  de  espacio  habido  entre  ella 
y  el  suelo;  por  consecuencia,  queda  afectada  la  altura  de  los  postes  o  torres. 

La  figura  2,  da  los  valores  de  esta  componente  vertical  para  el  cable  de  aluminio 
reforzado  con  acero,  para  varios  tramos  con  un  peso  de  la  dase  B. 

La  figura  3,  nos  da  las  componientes  verticales  producidas  por  el  peso  bajo  las 
miemas  condiciones  como  figura  2. 

La  figura  4,  nos  da  las  fiexiones  verticales  del  cable  de  aluminio  reforzado  con  acero, 
sin  el  peso  del  viento  o  del  hielo,  a  48.9°  centfgrados,  considerando  el  peso  de  la  clase  B, 
a— 17.8°  centlgrados. 

La  figura  5,  nos  da  los  valores  correspondieutes  a  las  condiciones  del  cobre  sefialadas 
en  la  figura  4. 

En  todas  las  condiciones  anteriormoute  descritas  queda  aceptado  que  el  limite  de 
elasticidad  del  cable,  de  la  manera  que  est^  dado  en  la  tabla,  es  alcanzado  bajo  la 
condici6n  de  pesantez,  con  la  sola  excepci6n  de  6%  cable  de  aluminio  reforzado  de 
acero.  El  limite,  en  este  tUtimo  caso,  se  calcula  hasta  3,640  kilogramos,  en  vez  de 
5,307  kilogramos,  debido  a  que  no  ha  side  m&s  prdctico  proceder  de  otra  manera  para 
poder  proyectar  el  patr6n  de  las  dncoras  de  las  torres  que  sostienen  ima  tensi6n  mayor 
de  3,640  kilogramos  por  conductor. 

En  cuanto  a  encontrar  agarraderas  debidamente  apropiadas  para  el  uso  del  cable 
de  aluminio,  se  emplean  los  medios  necesarios  para  obtener  tres  resultados  principalee; 
es  decir,  haciendo  uniones  en  el  conductor  principal,  anclando  el  conductor  principal 
y  haciendo  conexiones  ramificadas  con  dicho  conductor.  En  otras  ocasiones  podiin 
requerirse  otras  agarraderas  especialos,  pero  hasta  hoy  6stas  son  las  mds  importantee 
condiciones  para  apUcarlas. 

£1  alma  de  acero  del  cable  cstd  imida  por  medio  de  una  capa  de  acero  de  forma 
ovalada  (figura  8)  en  la  cual  son  introducidos  los  extremes  del  alma,  la  cual  es  rodeada 
por  la  capa  en  varias  vueltas,  operaci6n  que  se  efectda  con  pinzas  especiales.  Antes 
de  ser  aplicada  la  capa  (llamada  tambidn  manga),  son  enrolladas  nuevamente  sobre 
el  cable  las  dos  mitados  de  una  capa  de  aluminio.  Una  vez  que  la  capa  de  acero 
eetd  en  su  lugar,  se  atomillan  juntas  las  capas  de  aluminio.  Esta  parte  de  la  opera- 
ci6n,  que  muestra  la  instalaci6n  de  ima  uni6n  efectuada  en  el  campo,  estd  ilustrada 
en  la  figura  6.* 

Despu^  de  que  las  capas  de  aluminio  quedan  atomilladas  una  contra  otra,  los 
extremes  del  cable  son  prcnsados  contra  la  porci6n  de  aluminio  del  cable,  usando 
para  ello  una  prensa  hidrdulica  y  una  bomba  que  dcsarrolla  una  preaidn  de  68  hasta 
90  toneladas  m^tricas  y  la  cual,  a  pesar  de  su  gran  oapacidad,  pesa  iinicamente  G7 

"  rramos.    Este  procedimiento  ostd  ilustrado  en  la  figura  7. 
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Pennsylvania  Water  dt  Power  Co. 
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Fio.  3.— Componente  Tertioal,  CIam  b.    DedinaolOn  cargikla  Cabl*  de  almninlo,  nforado  d«  tocfo  a  10.7*  C. 
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Fio.  8.— C<»mponente  vertical,  Clam  b.    Deelixuddn,  eargada  oobra  a  10.7*  C. 
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Fio.  4.— Deolioaoi^n  sia  oarga.    Cable  de  aliiminio,  reforsado  de  aoero  a  48.8*  C. 
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Fio.  5.— I>«cIInacidn  sin  carga  a  48.8*  C.  Cobra. 
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La  figura  8  nos  da  una  ilustraci6n  de  una  ^cora.  El  acero  del  alma  es  scparado 
del  aluminio  y  enredado  al  derredor  de  una  protuberancia  del  dncora,  donde  queda 
adherido  por  un  pemo  en  forma  de  U.  La  porci6n  de  aluminio  del  cable  se  saca  por 
un  lado,  quedando  soportada  por  un  brazo  del  dncora. 

La  figura  9  mueetra  el  uso  de  los  pemos  de  aluminio  de  abrazadera,  apropiados  para 
hacer  conexiones  con  el  conductor.  La  abrazadera  coneiate  en  dos  partes  machihem- 
bradas,  de  aluminio  fundido,  cuidadoeamente  taladrado  para  recibir  el  conductor 
principal  y  asQgurarlo  sdlidamente  por  medio  de  pemoe  de  acero  galvanizado. 

La  figura  10  nos  da  una  ilustraci6n  del  m^todo  apropiado  para  proyectar  el  cable 
cuando  ^te  descansa  en  la  ranura  del  alslador. 

Como  im  ejemplo  de  la  prdctica  mia  modema  de  construcci6n,  seguida  en  una 
linea  de  trasmisidn,  puede  mencionarse  la  de  Big  Creek,  de  la  Pacific  Light  &  Power 
Company,  que  se  extiende  desde  Big  Creek,  California,  haata  Los  Angeles,  o  sea  una 
difitancia  de  385  kildmetros.  En  ella  hay  doe  torree  de  acero  de  Ifnea  indep^dieute, 
permitiendo  cada  llnea  el  paso  de  un  circuito  de  3  fases.  El  conductor,  que  es  un 
cable  de  aluminio  con  alma  de  acero,  conaiste  de  310  miUmetros  cuadrados.  El 
voltaje  ee  de  150,000  voltios.  Las  torres  estdn  colocadiis  a  un  t^rmino  medi6  de  200 
metros  de  distancia  una  de  la  otra. 

Como  ilustraci6n  de  una  instalaci6n  de  rosultados  satisfactorios,  con  conductores 
todos  de  aluminio,  tenemoe  la  llnea  del  Pennsylvania  Water  &  Power  Company,  que 
va  desde  el  rfo  Susquehanna  hasta  Baltimore,  ima  distancia  de  64  kil6metros.  AUi 
hay  dos  torres,  cada  ima  proyeetada  para  permitir  el  paso  de  dos  circuitos  de  tres 
fases.  Su  voltaje  ee  de  70,000  voltios;  el  espacio  entre  las  torres  es  de  150  metros. 
El  cable,  todo  de  aluminio,  tiene  un  grueso  de  152  milfmetros  cuadrados. 

£1  autor  queda  profundamente  agradecido  por  la  informaci6n  cientffica  contenida 
en  el  preeente  estudio,  a  los  sefiores  William  Hoopes,  ingeniero  electricista  de  la 
Aluminum  Company  of  America,  J.  A.  Walls,  ingeniero  en  jefe  de  la  Pennsylvania 
Water  &  Power  Company  y  a  la  Stone  &  Webster  Engineering  Corporation. 

The  Chairman.  Mr.  Vamey's  paper  is  now  before  you,  gentlemen, 
for  discussion. 

Mr.  Thomas.  Mr.  Chainnan,  I  would  like  to  ask  Mr.  Varaey  if, 
in  the  practical  use  of  the  reinforced  cable,  there  is  any  diflSculty 
found  due  to  electrolytic  action. 

Mr.  Varney.  I  suppose  in  answering  that  question  from  a  practical 
standpoint  it  would  be  interesting  to  refer  to  actual  installations  of 
the  cable  which  have  been  in  use  for  some  four  or  five  years  under 
varying  weather  conditions.  Within  the  last  six  months  that  ques- 
tion was  raised  by  a  prospective  customer  of  the  Aluminum  Co.  of 
America,  and  in  answer  to  it  we  got  some  data  regarding  a  trans- 
mission line  which  has  been  in  use  for  four  years  in  California  near 
the  seacoast.  It  was  thought  that  if  any  electrolytic  action  was 
likely  to  start  that  it  would  occur  at  some  point  where  salt  water 
would  be  carried  by  the  wind  from  the  tops  of  waves  or  in  the  form  of 
spray  from  the  ocean  and  would  find  lodgment  in  the  spaces  between 
the  strands  of  the  cable.  This  wire  was  taken  down  and  subjected 
to  a  very  careful  examination  by  the  prospective  user,  and  there  was 
no  deterioration  apparent  at  aJl.  There  was  a  little  of  the  white 
oxide,  which  is  always  sure  to  be  present  in  a  sort  of  powdered 
form,  and  there  was  also  probably  a  little  carbonate  of  zinc  from 
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the  coating  of  the  alummmn  strand.  But  there  were  no  signs  in 
any  way  of  what  you  would  call  corrosion.  From  the  theoretical 
standpoint  there  is  a  very  good  argument  as  to  why  this  should 
be  true.  In  the  first  place,  the  central  strand  is  very  well  protected 
from  the  weather  by  the  outer  strands  of  aluminum.  I  have  veiy 
often  noticed  that  even  in  steel  cables  having  central  strands,  that  the 
central  strand  is  always  in  very  much  better  condition  than  the  outer 
ones.  Even  in  the  Pittsburgh  district,  where  the  sulphur  fumes  are 
bad,  and  where  they  attack  steel  quite  readily,  I  have  noticed  that 
in  those  cases  the  central  strand  is  usually  in  very  much  better  con- 
dition than  the  outer  strand.  In  the  case  of  aluminum,  the  material 
which  is  aroimd  the  central  strand  actually  does  exclude  moisture 
to  a  very  large  extent  and  prevents  action  which  might  occur  on  a 
steel  core  if  it  were  bare  and  unprotected  in  any  way.  Another 
point  which  is  in  its  favor  is  that  zinc  and  aluminum  are  closer 
together  in  the  electrochemical  scale  than  any  other  two  metals  in 
conunon  use,  which  would  tend  to  reduce  the  liability  of  electrolytic 
action  or  the  setting  up  of  any  minute  currents  between  the  two 
metals  if  an  electrolyte  were  present.  Another  point  is  that  the 
aluminum  is  always  covered  with  this  very  fine  coating  of  Qxide,  just 
as  you  have  in  your  lightning  arrester  (only  to  a  smaller  extent),  and 
Uus  film  tends  to  still  further  reduce  any  flow  of  local  currents.  It 
may  all  be  summed  up,  I  think,  in  the  statement  that  it  does  stand  up 
satisfactorily  imder  any  conditions  of  weather  that  we  have  noticed. 

Aluminum  is  not  appreciably  attacked  by  sulphur;  and  for  use 
around  railroads,  where  that  is  a  serious  consideration  when  using 
steel,  aluminum  is  affected  practically  not  at  all.  Aluminum  is  also 
not  affected  by  nitric  acid.  Pipes  and  receptacles  are  made  of  alumi- 
num for  the  handling  of  nitric  acid  fumes  in  places  where  they 
make  nitric  acid. 

Mr.  Thomas.  Would  it  not  appear  that  if  there  is  going  to  be  any 
electrolytic  action  between  metals  in  the  air  that  the  galvanized  cable 
suspension  clamped  to  the  copper  conductor  would  be  ideal  for 
making  such  connections?  You  see  that  copper  and  zinc  are  the 
ordinary  metals  in  a  simple  battery,  and  if  there  is  going  to  be 
trouble  of  that  sort  you  would  think  it  would  occur  right  there. 

Mr.  Varney.  Yes,  I  should  say  that  is  true. 

Mr.  Thomas.  Two  years  ago  a  gentleman  from  Spokane  brought 
in  some  samples  of  copper  wire  which  had  been  eaten  underneath 
where  they  lay  on  top  of  the  insulator.  I  wanted  to  ask  Mr.  Varney 
if  there  was  any  probability  that  that  would  occur  with  aluminum. 
I  think  the  general  consensus  of  opinion  was  that  it  was  the  result 
of  the  corrosive  discharge  and  perhaps  possibly  the  combination  of 
oxygen  and  nitrogen,  or  possibly  nascent  oxygen.  The  fact  remained 
that  there  was  the  copper  wire  that  had  been  eaten  away.     Is  the 
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sensitiveness  of  aluminum  and  nitric  acid  or  any  nascent  oxygen 
greater  or  less  than  that  of  copper  ?  That  is  a  very  interesting  point 
to  have  an  opinion  on. 

Mr.  Varney.  I  think  I  remember  the  case  that  Mr.  Thomas  refers 
to.  It  came  up  before  the  American  Institute  of  Electrical  Engi- 
neers at  Buffalo,  and  that  theory  was  advanced  at  that  time.  That 
is,  it  was  suggested  that  perhaps  the  deterioration  of  the  copper  wire 
in  that  case  was  due  to  the  action  of  nitric  acid  formed  by  the  corona. 
That  theory  was  advanced,  but,  so  far  as  I  know,  it  has  never  been 
established  beyond  question  one  way  or  the  other.  It  is  true,  how- 
ever, that  aluminum  withstands  the  action  of  nitric  acid  better  than 
copper. 

Mr.  Thomas.  How  about  the  nascent  oxygen? 

Mr.  Vabney.  I  suppose  the  action  of  nitric  acid  has  an  oxydizing 
effect. 

Mr.  Thomas.  Yes,  but  the  chemical  combinations  might  be  dif- 
ferent. 

Mr.  Storer.  Is  it  not  simply  the  oxide  on  the  aluminum  that  prac- 
tically makes  it  proof  against  all  these  actions  ? 

Mr.  Varney.  That  is  true. 

The  Chairman.  If  there  is  no  further  discussion  of  Mr.  Vamey's 
paper  we  will  proceed  to  the  next  paper,  entitled  *'Undei^^und 
cables,"  which  will  be  read  by  Mr.  H.  W.  Fisher. 


UNDERGROUND  CABLES. 

By  H.  W.  FISHER. 

Nearly  30  years  ago  the  writer  first  became  connected  with  the  Standard  Under- 
ground Cable  Co.,  and  commenced  a  series  of  experiments  and  investigations  which, 
in  widely  varying  form,  have  been  continued  till  the  present  time. 

When  this  work  was  first  undertaken,  it  would  have  been  quite  po«»ible  to  present, 
in  one  paper,  the  more  important  part  of  electrical  data  then  known,  dealing  with 
electric  c^BA^^es. 

Now  our  fund  of  knowledge,  in  relation  to  this  interesting  subject,  has  so  much  in- 
creased that  any  individual  paper,  of  reasonable  length,  treating  any  particular  pha^e 
of  the  question,  such  as  "dielectric  loss,"  would  not  be  sufficient  to  present  all  the 
known  facts. 

It  is  then  with  a  feeling  of  hesitancy  and  perplexity  that  the  author  imdertakes  to 
present  the  subject  assigned  to  him  by  your  program  committee,  and  in  so  doing 
acknowledges  the  high  honor  conferred  upon  him  by  their  request. 

The  mo?t  natural  divisions  of  the  subject  will  be  as  follows: 

First.  Physical  and  electrical  properties  of  the  materials  used  in  the  constniction 
of  cables. 

Second.  The  manufacture  of  different  kinds  of  cables. 

Third.  Tests  of  cables. 

Fourth.  Installation  and  operation  of  cables. 

Before  treating  the  above  subjects  in  turn,  each  will  be  subdivided  imder  different 
headings.  *  Frequent  reference  will  be  made  to  papers  and  publications  where  certain 
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subjects  have  been  treated  more  comprehensively  than  will  be  possible  in  this  sin^e 
paper.  Special  mention  will  also  be  made  of  important  facts  or  conclusions  whidi 
certain  authors  may  have  found  in  their  investigations. 

The  first  subject  will  be  divided  into  three  main  divisions: 

(a}  Metallic  materials. 

(6)  Solid  insulating  materials. 

(c)  Compounds,  including  oils,  waxes,  and  pitches. 

(a)   METALLIC   MATERIALS. 

Copper. — By  far  the  laiger  portion  of  copper  now  used  is  made  by  electrolytic 
processes.  The  International  Technical  Commission  has  adopted  the  following 
standard  of  copper  with  respect  to  its  resistivity.  At  a  temperature  of  20°  C.  the 
resistance  of  an  annealed  copper  wire  one  meter  in  length  and  ha\ang  a  uniform  cross 
section  of  one  square  millimeter =1/58  ohm  =0.017241  ohm.  Based  on  this  standard 
the  conductivity  of  commercial  soft  copper  varies  from  about  99  per  cent  to  some- 
what over  100  per  cent,  so  that  99.5  per  cent  can  be  taken  as  a  fair  average.  The 
tensile  strength  of  copper  wire  varies  with  the  size  of  vdre  and  the  d^ree  of  hardnees. 
The  average  values  are  about  as  follows:  Soft  annealed,  2460  kilograms  per  square 
centimeter,  35,000  pounds  per  square  inch.  Hard  drawn,  4,570  kilograms  per  square 
centimeter,  65,000  pounds  per  square  inch.  For  more  specific  data,  reference  can  be 
had  to — Revised  Standard  Specifications  of  the  American  Society  for  Testing  Mate- 
rials, Edward  Marburg,  secretary.  University  of  Pennsylvania,  Philadelphia,  Pa. 

Commercial  copper  is  cast  into  billets,  which  are  known  to  the  trade  as  **  copper 
bars  "  and  which  weigh  about  250  poimds.  These  are  heated  in  a  furnace  and  while 
hot  are  rolled  in  a  rolling  mill  into  wire  which  is  known  to  the  trade  as  **  copper  rods," 
the  usual  diameters  being  9.5  millimeters,  6.5  millimeter?,  or  8  millimeters,  |  inch, 
i  inch,  or  A  inch. 

The  copper  rods  are  then  ready  to  bo  drawn  through  dies  into  wires  of  different  sires. 
During  the  drawing  down  process,  the  wire  has  to  be  annealed,  becaixse  after  a  few 
passes  it  commences  to  get  very  hard. 

Copper-clad  tcire. — Copper-clad  wire  consists  of  a  combination  of  steel  and  copper 
closely  welded  together,  the  copper  forming  a  protective  cover  of  high  conductivity 
for  the  steel.  This  is  generally  rated  according  to  the  conductivity,  30  and  40  per  cent 
conductivity  being  the  types  which  are  usually  supplied  to  the  trade.  A  very  laige 
amount  of  this  material  is  used  for  drop  wires  for  telephones,  O.OOII  millimeter  dia- 
meter, No.  17,  Brown  &  Sharpo  gauge,  being  used  mo.^tly  for  this  purpose.  The 
tensile  strength  of  hard-drawn  copper-clad  wire  varies  from  6,300  kilos  to  7,000  kilos 
per  square  centimeter,  90,000  to  100,000  pounds  per  square  inch,  between  conduc- 
tivities of  40  per  cent  and  30  per  cent. 

Considerable  amounts  of  copper-clad  wires  are  used  for  rail-bonds.  The  wire  is 
soft  annealed  and  the  tensile  strength  about  3,400  kilos  per  square  centimeter,  48,000 
pounds  per  square  inch. 

Copper  alloys. — A  very  small  amount  of  tin  added  to  copper  increases  the  tensile 
strength  from  20  to  25  per  cent  above  that  of  hard  drawn  copper  wire,  though  the  con- 
ductivity may  be  as  low  as  40  per  cent.  Such  alloy,  known  to  the  trade  as  **  bnmse 
wire,"  is  used  for  making  antenna  wires,  trolley  wires,  etc. 

(6)   SOLID  INSULATING   MATS  RIALS. 

These  may  be  classified  as  follows:  Gutta  percha,  rubber,  fiber,  paper,  varmshed 
cloth. 

Gutta  percha. — ^This  material  is  almost  exclusively  used  for  submarine  cables  and 
is  not  adapted  for  use  under  conditions  where  high  temperatures  may  prevail.  Hence 
it  will  not  be  considered  in  the  present  paper. 
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RtLbber.— The  best  rubber  comes  from  South  America  and  is  known  to  the  trade 
as  **  fine  para."  The  crude  para  is  supplied  to  the  trade  in  large  egg-shaped  masses. 
These  have  to  be  torn  into  shreds  and  washed  to  remove  the  foreign  materials  in  the 
form  of  earth,  bark,  vegetable  matter,  etc.  At  the  present  time,  quantities  of  rubber 
are  sold  under  the  name  of  '* plantation  rubber,"  derived  from  cultivated  trees  de- 
scended from  the  true  Brazilian  or  Bolivian  rubber  trees  (Hevea  Brasiliensis)  and 
most  largely  grown  in  Ceylon.  This  has  previously  been  cleaned  and  washed  and  is 
furnished  in  very  attractive  looking  sheets.  There  are  many  other  kinds  of  rubber 
which  need  not  be  discussed  in  this  short  paper. 

After  the  para  rubber  has  been  washed  and  torn  into  shreds,  it  is  dried  for  several 
weeks  and  then  thoroughly  mixed  with  other  substances,  including  for  the  most 
part  inert  mineral  matter  such  as  talc,  oxide  of  zinc,  etc.,  and  a  small  amount  of 
sulphur.  This  mass  is  passed  through  rolls  until  it  becomes  thoroughly  homogeneoua 
after  which  it  is  ready  to  be  calendered  into  sheets  and  cut  for  use  in  the  rubber- 
covering  machines,  where  it  is  applied  in  the  form  of  strips  or  by  spewing  on  the  wire^. 

After  the  rubber  has  been  applied  to  the  wires  or  cables,  the  act  of  vulcanization 
is  carried  out  by  placing  the  insulated  wires  or  cables  in  large  tanks  where  they  are 
subjected  to  steam  under  pressure  for  lengths  of  time  depending  upon  the  kind  of 
rubber  compound.  Under  this  application  of  steam,  the  rubber  compound  changes 
from  a  plastic  and  compressible  condition  to  one  of  elasticity  and  toughness. 

The  better  grades  of  rubber  insulation  contain  from  20  to  40  per  cent  of  fine  Para 
rubber. 

The  specific  gravity  of  rubber  compounds  varies  from  1.10  to  2,  depending  on  the 
ingredients  used .  The  higher  the  per  cent  of  rubber,  the  lower  is  the  specific  gravity. 
The  tensile  strength  of  high-grade  rubber  compound  is  about  84  kilograms  per  square 
centimeter  (1,200  pounds  per  square  inch).  Tensile  strength  decreases  with  reduc- 
tion in  the  per  cent  of  rubber.  For  more  detailed  information  relative  to  rubber 
compound,  tiiose  interested  are  referred  to  the  Rules  of  the  Rubber-Covered  Wire 
Association,  Mr.  William  A.  Del  MarS  secretary.  Grand  Central  Terminal,  New  York 
City. 

Fiber. — ^The  term  fiber  is  here  intended  to  refer  to  cotton,  jute,  wool,  and  silk  as 
used  for  insulating  purposes.  Wool,  cotton,  and  silk,  either  separately  or  in  com- 
bination, are  used  t6  insulate  the  wires  of  switchboard  cables.  Cotton  is  largely 
used  for  magnet  and  weatherproof  wires,  and  jute  is  used  for  weatherproof  wires 
and  to  a  small  extent  for  insulating  telegraph  wires.  Jute  is  also  used  in  large  quan- 
tities as  a  filler  for  multiple  conductor  cables  and  as  a  cushion  for  steel  taped  and 
steel  armored  cables. 

Paper, — Large  quantities  of  manila  rope  i^iper  is  used  in  the  manufacture  of  tele- 
phone, telegraph,  and  electric  light  and  power  cables.  Paper  ranging  in  thickness 
from  0.05  millimeter  (0.002  inch)  to  0.18  millimeter  (0.007  inch)  is  used  mostly  for 
telephone  and  telegraph  cables  and  from  0.10  millimeter  (0.004  inch)  to  0.20  milli- 
meter (0.008  inch)  for  electric  light  and  power  cables. 

This  paper  has  a  specific  inductive  capacity  of  about  2  and  the  tensile  strength 
varies  from  400  kilograms  to  700  kilograms  per  square  millimeter  (6,000  pounds  to 
10,000  pounds  per  square  inch),  depending  upon  the  thickness  of  paper,  the  thinner 
paper  having  the  greater  relative  strength. 

When  paper  is  subjected  to  a  gradually  rising  temperature  there  is  no  definite 
point  at  which  moisture  is  not  liberated  until  complete  carbonization  takes  place. 
Of  course,  before  the  fiber  begins  to  lose  much  of  its  physical  strength,  the  larger 
part  of  the  moisture  will  be  set  free. 

It  will  be  seen  then  that  great  care  must  be  exercised  in  drying  out  and  saturating 
paper  in  order  that  its  physical  properties  are  not  injured.  A  continual  tempera- 
ture of  93.3**  C.  (200®  F.)  will  in  time  reduce  paper  to  a  very  brittle  condition. 

1  Seeretaiy,  Interborough  Rapid  Transit  Co.,  New  York  City  (1917). 
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Varnished  cloth. — In  this  country  a  large  quantity  of  varnished  cloth  is  used  to 
insulate  wires  for  automobiles  and  cables  for  electric  light  and  power  installationfi. 

Varnished  cloth  varies  in  thickness  from  about  0.13  millimeters  (0.005  inch^  to  0.3 
millimeters  (0.012  inch). 

The  thickness  of  the  cotton  fabric  is  about  0.01  millimeters  (0.004  inch). 

The  electric  characteristics  of  x'amished  cloth  depend  upon  the  materials  used  and 
the  method  of  treatment.  The  power  factor  is  seldom  lees  than  4  per  cent  and  witb 
poorly  made  cloth  may  be  over  10  per  cent. 

The  dielectric  strength  of  varnished  cloth  varies  with  the  thickness  and  quftlity  of 
the  material.  About  40,000  volts  per  millimeter  (1,000  volts  per  O.OOl  inch)  is  an 
average  breakdown  value  for  varnished  cloth  tested  between  one  flat  and  one  round 
surface. 

The  power  factor  varies  with  temperature  and  is  hi^  at  high  temp^aturee. 

(c)  COMPOUNIM*  INCLUDING    Oir.fi,  WAXES  AND  PITCHES. 

These  may  be  divided  into: 

(1)  Compounds  for  satiuttting  paper  insulated  lead-covered  cables. 

(2)  Compounds  used  in  filling  braids  of  weatherproof  and  rubber  insulated  wires 
aod  cables. 

(3)  Compounds  used  in  filling  lead  sleeve  joints,  terminals,  junction  boxes,  etc. 

(1)  Compounds  for  paper  insulated  cables. — These  must  have  good  penetrating 
properties,  low  dielectric;  loss,  sufl^cient  viscosity  not  to  flow  too  readily  at  ordinary 
temperatures,  and  yet  must  not  be  hard  at  0^  C. 

The  power  factor,  at  ordinary  temperatures,  of  such  a  compound  is  usually  of  the 
order  of  1  per  cent.  In  the  case  of  high  voltage  cables  it  is  important  that  the  power 
factor  at  operating  temperatiu*es  be  as  low  as  possible.  There  is  a  great  difference  in 
this  respect  between  various  compounds,  some  of  which  while  suitable  for  low  voltages 
would  have  too  high  a  power  factor  for  high  voltages. 

In  the  case  of  many  or  possibly  all  compounds,  there  is  a  definite  temperature  at 
which  the  power  factor  is  a  minimum. 

Insulating  compounds  that  become  hard  within  the  limits  of  temperatures  at  which 
cables  are  installed  are  undesirabie  because  when  the  cables  are  bent,  several  layers 
of  paper  may  become  broken,  thus  introducing  a  very  serious  menace  to  the  successful 
operation  of  high  voltage  cables.  In  the  case  of  low  voltage  cables  a  few  cracked 
papers  would  never  be  the  cause  of  a  failure  in  operation. 

High  insulation  resistance  can,  in  general,  be  obtained  by  the  use  of  hard  or  special 
compounds  which  while  permissible  for  low  voltage  cables  are  not  at  all  suitable  for 
high  voltage  cables.  Because  of  the  reasons  given  above,  it  Is  inadvisable  to  require 
high  insulation  resistance,  and  also  as  a  matter  of  fact,  insulation  resistance  is  one  of 
the  least  important  of  the  factors  connected  with  high  voltage  cable,  the  dielectric 
strength,  dielectric  loss,  and  physical  properties  being  of  much  greater  relative  import- 
ance. 

The  actual  composition  of  cable  compounds  is  a  secret,  each  manufacturer  using 
the  materials,  which,  as  a  result  of  experience  and  tests,  he  considers  the  best.  Some 
of  the  materials  known  to  be  used  are  resin  oil,  resin,  castor  oil  and  some  of  the  peUol- 
eum  oil  products. 

(2)  Compounds  used  in  filling  braids  of  weatherproof  and  rubber  insulated  wires 
and  cables. 

Mineral  waxes  and  compositions  of  mineral  waxes,  petroleum  waxes  and  asphaltuma 
are  used  to  saturate  and  finish  the  cotton  braid  of  wires  and  cables.  Originally  ozoker- 
ite, a  mineral  mined  in  Galicia  was  exclusively  used  for  this  purpose.  Some  of  the 
European  manufacturers  still  follow  this  practice,  but  for  some  years,  it  has  been 
conceded  that  mixtures  of  ozokerite  and  asphaltums  are  superior  to  ozokerite  alone. 

In  recent  years,  due  to  the  steadily  advancing  price  of  ozokerite,  petroleum  waxes 
are  being  used  to  quite  an  extent  as  substitutes. 
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Braids  should  be  saturated  so  as  not  to  permit  ^e  absorption  of  more  than  8  per 
cent  by  weight  of  water  and  when  finished  present  a  smooth,  polished  surface.  Also 
the  saturating  and  finishing  compounds  should  not  melt,  become  tacky  and  run, when 
exposed  to  a  temperature  of  51.5**  C.  (125**  F.). 

(3)  Compounds  used  in  filing  lead-sleete  joints^  terminals  ^  junction  boxes^  ete.—There 
seems  to  be  a  considerable  difference  of  opinion  relative  to  the  beet  kind  of  compounds 
for  filling  lead-sleeve  joints. 

Some  use  a  wax  paraffin;  others  a  compound  with  good  flowing  properties  which 
may  become  brittle  even  before  it  gets  hard;  others  a  compound  which  would  not 
readily  flow  through  a  small  opening  at  operating  temperatures  and  which  is  not  brittle 
at  ordinary  manhole  temperatures. 

The  last  mentioned  has  the  great  advantage  that  even  if  the  joint  should  become 
very  warm  the  compound  will  not  flow  back  into  the  cable  and  it  will  not  crack  if 
the  joint  should  be  severely  knocked  or  bent. 

The  first  mentioned  compound  would  be  apt  to  drain  completely  out  of  the  joint 
if  the  cable  became  hot  or  it  would  be  apt  to  crack  if  the  joint  received  a  hard  blow 
or  were  bent  at  ordinary  temperatures.  It  also  has  a  tendency  to  separate  from  the 
paper  or  lead  sleeve,  thus  causing  objectionable  voids. 

The  second  kind  of  compound  would  act  like  the  first,  though  to  a  l««s  degree. 

Both  the  first  two  compounds  when  heated  have  much  better  penetrating  qualities 
than  the  last.  Hence  if  the  last  type  is  used  and  if  the  applied  insulation  consists  of 
layers  of  paper  wrapped  over  the  jointed  conductors,  every  two  or  three  wraps  should 
be  thoroughJy  filled  with  hot  compound.  If  heavy,  previously  saturated  paper  tubes 
are  placed  over  the  jointed  conductors  and  in  lieu  of  the  paper  belt,  the  last  tjrpe  of 
compound  can  be  used  with  the  certainty  that  it  will  never  crack  nor  becmne  displaced 
inside  the  lead  sleeves. 

The  second  subject,  the  manufacture  of  different  kinds  of  cables,  will  be  treated 
imder  two  principal  headings  as  follows: 

TELEPHONE  AND  TELEGRAPH  CABLES. 

In  the  case  of  telephone  cables,  the  paper  is  applied  loosely  so  as  to  include  a  large 
proportion  of  air,  thus  making  the  electrostatic  capacity  as  low  as  possible.  The  con- 
ductors thus  insulated  are  twisted  into  pairs  which  are  afterward  put  into  a  cabling 
machine  and  laid  up  in  concentric  layers  of  the  desired  number  of  pairs.  In  this 
country  one  or  more  wraps  of  paper  are  applied  over  the  core  but  in  some  foreign 
countries,  cotton  wraps  are  used.  The  core  may  then  be  placed  in  ovens  and  sub- 
jected to  a  temperature  considerably  above  the  boiling  point  of  water  for  many  hours 
or  it  may  be  heated  in  tanks  where  a  vacuum  can  be  produced,  thereby  removing  the 
surplus  moisture  in  a  shorter  time  at  a  lower  temperature. 

After  the  cable  has  been  subjected  to  either  of  the  above  methods  of  treatment, 
a  lead  cover  is  immediately  applied. 

In  the  making  of  telegraph  cables,  the  paper  is  applied  more  densely  than  in  the 
case  of  telephone  cables.  These  cables  are  sometimes  made  with  twisted  pairs  and 
sometimes  with  the  insulated  wires  laid  up  in  consecutive  layers  and  sometimes  with 
a  combination  of  twisted  paus  and  straightaway  insulated  wires.  The  process  of  heat 
treatment  to  remove  moisture  is  the  same  as  above. 

When  saturated  cables  are  specified,  the  cable  core  after  being  subjected  to  the 
dr3ring  out  process  is  submerged  in  a  suitable  hot  insulating  compound  and  after- 
wards lead  covered. 

ELECTRIC  LIGHT  AND  POWER  CABLES. 

Rubber-insulated  cables. — The  rubber  compound  is  applied  to  the  conductors  by  two 
methods.  / 

Strips  of  rubber  compoimd  are  formed  around  and  closely  applied  to  the  conductor 
through  rolls  having  diametrically  opposite  semicircular  grooves  of  the  right  diameter. 
Several  of  such  strips  may  be  applied  through  a  corresponding  number  of  rolls  in  one 
operation.  ^  j 
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The  second  plan  is  to  pass  the  wire  through  a  cone  which  is  placed  in  htmt  of  a  die 
in  a  machine  where  the  rubber  c(»npound  is  subjected  to  a  high  pressure  which  forces 
said  compound  around  the  wire  and  through  the  die,  canying  the  wire  forward  with 
it,  at  a  considerable  rate  of  speed. 

The  diameter  over  the  insulated  wire  depends  upon  the  size  of  die  used. 

The  larger  sizes  of  cables  are  generally  covered  with  a  rubber-faced  tape  at  the  same 
time  that  the  rubber  is  being  applied. 

The  rubber-covered  wires  or  cables  are  then  placed  in  large  boiler-like  tanks  with 
a  swinging  door  at  one  end.  which  can  be  securely  bolted  in  place.  Said  tanks  aro 
called  vulcanizers.  Steam  is  then  applied  at  pressures  and  (ix  lengths  of  time,  de- 
pending upon  the  kind  of  rubber  compound  and  the  thickness  of  the  rubber  wall. 

After  the  operation  of  vulcanization  is  completed,  the  wires  or  cables  are  braided 
or  assembled  in  the  tona  of  multiple  oonductcar  cables,  or  lead  covered  as  is  requirted* 

Paper-insulated  cables. — ^The  paper,  cut  in  strips  of  suitable  width,  is  applied  to  the 
conductor  in  wrapping  machines.  Multiple  conductor  cables  are  laid  up  in  cabling 
machines  with  jute  or  paper  laterals  or  fillers,  the  length  of  lay  or  pitch  depending 
upon  size  of  the  insulated  conductors.  The  multiple  conductor  cable  thus  made  is 
then  passed  through  a  wrapping  machine  where  the  paper  belt  is  applied. 

The  cable  core  is  next  placed  in  drying  ovens  or  tiuiks  where  h^t  is  implied  to 
drive  off  the  surplus  moisture.  Finally  a  vacuum  is  produced  and  heated  compound 
is  drawn  into  the  tank  until  the  cable  is  completely  saturated. 

Vamishedrdoth  ijisiUated  oableB. — ^The  operation  of  applying  varnished  cloth  to  cables 
is  similar  to  that  just  described  in  the  case  of  paper  insulated  cables  with  the  excep- 
tion that  as  the  cloth  is  being  applied,  a  thin  covering  of  nondrying,  nonhardening, 
viscous  compound  is  applied  between  the  layers  of  cloth.  The  object  of  this  oom* 
poimd  is  to  fill  the  spaces  between  the  layers  of  cloth  and  to  allow  the  layers  to  slip 
on  one  another  when  the  cables  are  being  bent. 

Large  quantities  of  braided  varnished-cloth  cables  are  being  used  in  power  houses 
and  substations.  .  It  is  not  considered  safe  to  operate  braided  varnished  cloth  out  of 
doors  or  in  places  where  there  is  considerable  moisture.  Under  such  conditions,  lead 
covered  vaniished  cables  should  be  used. 

Vamished-cloth  cables  are  intermediate  in  price  between  cables  insulated  with 
high  grade  rubber  and  paper  insulated  cables.  They  are  used  to  a  large  extent  in  the 
United  States  and  there  are  large  installations  of  three  conductor  lead  covered  var- 
nldied  cloth  cables  operating  at  11,000  volts  working  pressure. 

The  third  branch  of  the  main  subject,  tests  of  cables,  will  be  treated  under  sub- 
headings, as  follows: 

TELEPHONE  AND  TELEGRAPH  CABLES. 

Tests  of  the  above  cables  can  mostly  be  summed  up  as  follows:  Tests  of  conductor 
resistance,  tests  of  insulation  resistance,  tests  of  electrostatic  capacity,  and  voltage 
tests. 

The  specified  values  of  conductor  resistance  are  usually  made  sufficiently  liberal 
so  as  to  include  the  longest  possible  extra  amounts  of  wire  taken  up  in  the  twist  of 
the  pairs  and  the  twists  of  the  concentric  layers  of  pairs  or  wires  in  the  cables. 

Insulation  resistance  tests  are  generally  made  with  a  reflecting  galvanometer  by 
the  direct  deflection  method  and  the  value  most  commonly  specified  for  dry-core 
cables  in  this  country  is  500  megohm-miles  (800  megohm-kUometers),  each  wire 
being  tested  against  the  remaining  wires  connected  to  the  lead  cover  of  the  cable. 

The  absolute  value  of  insulation  resistance  and  its  change  with  temperature  are 
both  very  greatly  affected  by  a  slight  variation  of  the  small  amoimt  of  residual  mois- 
ture contained  in  the  paper  insulation.  Thus,  one  cable  may  have  6,000  megohms 
at  15**  C.  (60**  F.)  and  3,500  megohms  at  32**  C.  (90**  F.),  while  another  exactly  similar 
to  it  but  containing  a  slightly  greater  amount  of  residual  moisture  may  have  500 
megohms  at  15**  C.  (60**  F.)  and  90  megohms  at  32*»  C.  (90**  F.).  A  low  insulation 
resistance  is  therefore  prima  fade  evidence  of  a  large  temperatiure  coefllcient. 
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The  electrostatic  capacity  is  generally  determined  by  means  of  a  suitable  con- 
denser, battery,  keys  and  a  reflecting  galvanometer,  by  the  discharge  deflection 
method.  The  old  plan  was  to  determine  the  capacity  between  each  wire  and  the 
remaining  wires  connected  to  the  lead  sheath.  Now  a  great  many  specifications 
call  for  a  mutual  capacity  test  by  which  method  each  wire  of  a  pair  is  tested  against 
its  mate,  the  rest  of  the  wires  being  connected  to  the  lead  cover  of  the  cables.  The 
latter  capacity  is  about  two-thirds  of  the  former. 

In  this  country  the  specified  mutual  electrostatic  capacities  per  mile  of  telephone 
cables  vary  between  the  limits  of  0.054  and  0.1  microfarads  per  mile  or  0.034  to  0.062 
microfarads  per  kilometer. 

In  the  case  of  special  cables  paralleling  high  voltage  lines,  voltage  tests  of  1,000 
volts  are  sometimes  required.  In  almost  all  other  cases  where  any  voltage  test  is 
specified  at  all  the  statement  is  made  that  the  battery  voltage  used  in  tests  of  insula- 
tion resistance  should  not  be  over  500  volts. 

In  the  case  of  telegraph  cables,  the  specified  voltage  test  varies  between  500  and 
1,200  volts,  and  the  mutual  electrostatic  capacity  specified  is  seldom  less  than  0.066 
microfarads  per  mile=0.041  microfarads  per  kilometer.  The  specified  insulation 
resistance  is  generally  500  megohm-mile8=800  megohm-kilometers. 

Temperature  changes  produce  very  slight  variation  of  the  true  capacity  which 
practically  is  the  effective  capacity  for  alternating  current. 

The  capacity  as  usually  measured  after  10  seconds  charge  is  greater  than  the  true 
capacity  by  an  amount  increasing  with  the  temperature  and  quantity  of  residual 
moisture. 

The  amount  of  residual  moisture  depends  to  a  considerable  extent  upon  the  humid 
ity  of  the  atmosphere  when  the  lead  cover  of  the  cable  is  being  applied. 

At  low  temperatures  there  is  very  little  difference  between  the  lO-seconds-discharg- 
capacity  and  the  true  capacity.  Hence  the  difference  between  these  at  any  tem- 
perature is  largely  the  temperature  coefficient  of  the  former. 

PAPER  INSULATED  ELECTRIC  LIGHT  AND  POWER  CABLES. 

Tests  of  the  above  cables  can  mostly  be  summed  up  as  follows:  Tests  of  conduc- 
tivity, tests  of  insulation  resistance,  tests  of  electrostatic  capacity,  voltage  tests. 

Of  the  above,  the  test  most  frequently  required  is  the  voltage  test. 

Tests  of  electrostatic  capacity  are  very  seldom  required.  Values  of  insulation 
resistance  are  occasionally  specified.  On  account  of  the  extra  resistance  due  to  the 
lay  of  wires  in  strands,  and  the  lay  of  insulated  conductors  in  multiple  conductor 
cables,  it  is  generally  customary  to  specify  the  conductivity  of  the  copper  wire  com- 
posing the  strand.    Not  less  than  98  per  cent  conductivity  is  generally  specified. 

In  discussing  insulation  resistance  and  electrostatic  capacity,  frequent  reference 
will  be  made  to  the  constant  Ki  in  the  well-known  fonnulfie — 

i?=ir,log^j 


logio  J 


where  i2=sin8ulation  resistance  in  megohms  for  a  specified  unit  of  length. 
C=electro8tatic  capacity  in  microfarads  per  unit  of  length.         • 
i)=outside  diameter  of  insulation. 
(f=sdiameter  of  the  conductor. 

JT}  will  be  referred  to  as  the  constant  for  insulation  resistance,  or  the  constant  for 
electrostatic  capacity,  as  is  desired. 
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The  values  of  Ki  for  saturated  paper  insulated  cables  vary  with  the  kind  of  com- 
pound used  and  temperature  at  the  time  of  the  test. 

The  following  tables  will  give  an  idea  of  the  limits  between  which  the  values  of 
Ki  may  vary: 


Temperature. 

Ki  for  insulation  resistance. 

•c. 

15 
30 
50 
65 

•F. 
60 
90 
120 
150 

Megohm- 

KOomeUrs. 

250  to  2,500 

25  to     250 

4  to       30 

1  to         4 

Megokm-mOet. 

150.0  to  1,500.0 

15.0  to     150.0 

2.5  to       20.0 

.7  to         2.5 

The  constant  if,  for  true  electrostatic  capacity  is  subject  to  very  little  vaiiatioD 
below  65^  C.  (150^  F.),  and  does  not  vary  greatly  with  the  saturating  material.  An 
average  value  is  0.15  in  mile  units  or  0.09  in  kilometer  units. 

The  insulation  resistance  values  of  JT,  are  based  on  measurements  made  by  the 
direct-deflection  method  after  I  minute  charge. 

The  values  of  Ki  for  electrostatic  capacity  were  determined  from  the  true  capacity 
at  a  frequency  of  about  60  cycles.  The  capacities  as  measured  by  the  ballistic  giJ* 
vanometer  method  are  always  higher  than  the  true  capacities,  the  difference  amount- 
ing to  about  10  per  cent  at  a  temperature  of  15°  C,  or  60°  F.  The  difference  increases 
very  rapidly  with  rise  in  temperature.  Attention  ia  called  to  the  relatively  less 
difference  between  the  values  of  Ki  for  insulation  resistance  at  high  temperatures 
than  for  those  at  low  temperatures.  This  indicates  the  uselessness  of  trying  to  limit 
the  insulation  resistances  between  different  values  at  15°  C,  or  60°  F.  Of  course 
there  is  no  objection  to  specifying  a  minimum  value,  provided  that  said  value  is  not 
too  high  to  exclude  the  use  of  suitable  oil  compounds.  For  high-voltage  cables  in 
this  country  50  megohm-iniles>=80  megohm-kilometers  has  been  specified  by  some 
of  the  large  operating  companies  as  the  minimum  value  of  insulation  resistance  at 
15°  C.  (60°  F.). 

VOLTAGE  TESTS. 

The  voltage  test  applied  at  the  factory  should  be  at  least  double  the  working  voltage. 
The  ratio  between  the  factory-test  voltage  and  the  working  voltage  decreases  with 
increase  of  voltage.  13,000  volt  cables  are  often  tested  for  30,000  volts.  The  specified 
time  of  test  varies  from  1  minute  to  30  minutes.  When  the  working  voltage  is  over 
20,000  it  is  not  considered  advisable  to  apply  a  test  voltage  for  over  5  or  10  minutes. 

TESTS  OP  RUBBER-INSULATED  CABLES. 

These  tests  can  be  summed  up  mostly  as  follows:  Tests  of  conductivity,  tests  of 
insulation  resistance,  tests  of  electrostatic  capacity,  voltage  tests,  physical  and  chem- 
ical tests  of  the  rubber  insulation. 

For  tests  of  conductivity,  insulation  resistance,  and  electrostatic  capacity,  see 
remarks  already  made  under  paper-insulated  electric-light  and  power  cables.  As  the 
per  cent  of  Para  increases,  the  insulation  resistance  of  the  cables  increases.  The  elec- 
trostatic capacity  decreases  with  increase  in  the  per  cent  of  Para  rubber. 

The  following  table  will  give  an  idea  of  the  limits  between  which  the  values  of  JT^ 
may  vary  for  different  kinds  of  rubber  compounds  and  at  different  temperatures. 


Temperature. 

JTi  for  insulation  resistance. 

15    1       60 
SO    !       90 
50         120 

Megohm^ilo. 

tHettTi. 
800  to  10, 000 
100  to  6,000 
30  to  2,000 

MegokrfMnlUt. 

500  to  6, 000 

100  to  3,000 

20  to  1,200 
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VOLTAGE  TESTS. 

Ozone  has  a  very  destructive  action  on  rubber  insulation.  The  effect  on  the  insu- 
lation seems  to  be  similar  to  cutting  it  at  right  angles  to  the  conductor  with  a  sharp 
knife.  The  author  has  seen  cases  where  this  ozone  action  has  been  so  severe  that 
when  the  cable  was  bent  the  rubber  opened  up  so  that  the  conductor  could  be  seen, 
and  yet  adjacent  to  these  cracks  the  rubber  seemed  to  have  as  much  elasticity  as 
ever.  Destructive  action  of  ozone  may  take  place  either  on  the  outside  of  the  insula- 
tion or  on  the  inside  between  the  rubber  and  the  stranded  conductor.  For  these 
reasons  rubber  insulation  is  not  suitable  for  very  high  voltages,  unless  adequate  means 
can  be  taken  to  prevent  the  possibility  of  this  destructive  ozone  action.  For  the  same 
reason,  it  is  desirable  that  very  high  voltage  tests  on  rubber  insulated  cables  be  made 
for  very  short  periods  of  time.  It  is  also  questionable  whether  a  three-conductor 
rubber-insulated  cable  with  rubber  belt  should  be  used  for  high-voltage  circuits, 
because  there  is  alwajrs  a  considerable  amount  of  air  in  the  jute  fillers  of  such  a  cable, 
where  ozone  may  be  generated. 

Of  course  there  is  no  danger  from  this  ozone  action  in  the  operation  of  low- voltage 
cables. 

CHEMICAL  AND  PHYSICAL  TESTS. 

The  chemical  tests  of  rubber-insulated  compounds  are  so  complex  that  the  method 
of  analysis  can  not  be  discussed  in  this  short  paper.  The  physical  tests  are  also 
diverse.    The  following  will  give  an  idea  of  a  normal  test  of  30  per  cent  Para  compoimd. 

A  sample  strip  of  the  compound  with  marks  2  inches =5. 1  millimeter  apart  is  stretched 
until  the  marks  are  6  inche6=:15.2  millimeter  apart.  The  sample  is  then  released 
and  the  marks  should  return  to  a  distance  not  over  2}  inche6s=6.05  millimeters.  The 
sample  is  again  stretched  and  the  marks  should  stretch  to  9  inches:=23  millimeters 
apart  before  the  strip  breaks.  A  tensile-strength  test  made  on  a  separate  sample 
should  show  not  less  than  1,000  pounds  per  square  inch=0.7  kilogram  per  square 
millimeter. 

TESTS  OP  VABNISHED-CAMBRIC-INSULATED  CABLES. 

The  same  general  tests  for  varnished  cambric  cables  are  made  as  those  given  under 
paper-insulated  electric  light  and  power  cables,  on  page  493.  It  is  only  necessary  to 
add  something  about  the  values  of  Ki  for  varnished  cambric. 


Temperature. 

JTt  for  insulation  resistance. 

1 

•c. 

16 

ao 

60 
66 

•F. 
60 
00 

120 

m 

Megohm-kUo- 

meters. 

40.0101,800 

5.5 1»     160 

1. 1  to      90 

.Ito        6 

1 

1 

Megohm^iUt.  * 

25.00t»800    1 

3.60  to  100    1 

.TOto   13    1 

.07to     3 

if,  for  capacity  varies  from  0.15  to  0.19  for  the  mile  unit  or  0.09  to  0.12  for  the  kilo 
meter  unit. 
The  fourth  and  last  branch  of  the  main  subject.  Installation  and  operation  of  cables: 
This  paper  is  already  longer  than  the  author  anticipated,  and  as  the  fourth  subject 
is  very  large  in  its  scope,  mention  will  only  be  made  of  some  of  the  most  important 
considerations. 
The  following  r^narks  will  be  most  applicable  to  high  voltage  cables: 
In  order  to  prevent  the  possibility  of  rupture  of  the  paper,  paper  insulated  cables 
should  not  be  installed  in  very  cold  weather  and  should  not  be  subjected  to  sharp 
bends  in  manholes.    The  voltage-resisting  properties  of  a  paper  insulated  cable  de- 
pend upon  the  integrity  of  the  insulation,  and  if  the  cable  has  been  bent  sharply  in 
very  cold  weather  the  paper  insulating  wall  may  be  cracked  through  a  large  per- 
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centage  of  the  thickness  and  thus  be  rendered  ineffective  as  an  adequate  protection 
against  high  voltage  stress.  The  greatest  of  care  must  be  exercised  in  maldng  the 
joints  so  that  all  air  will  be  removed  and  so  that  the  conductors  will  be  sufScienUy 
separated  by  means  of  an  effective  insulation  of  sufficient  mechanical  strength  to 
prevent  the  displacement  of  the  conductors  in  case  the  compound  in  the  joints  should 
become  soft  by  heat  generated  in  the  operation  of  the  cables.  The  insulating  com- 
pound should  also  have  sufficiently  viscous  properties  to  prevent  it  from  flowing 
into  the  cable  and  thereby  lea\'ing  air  spaces  in  the  joints. 

The  conductors  at  the  ends  of  the  cables  should  be  connected  to  suitable  terminals 
of  high  voltage  resisting  properties,  so  that  stresses  at  the  ends  will  not  be  instrumental 
in  causing  flash  overs. 

Where  cables  are  exposed,  as  in  manholes,  they  should  be  protected  with  an  ap- 
proved asbestos  covering  so  that  failure  of  one  cable  will  not  cause  the  destruction 
of  others. 

OPERATION  OP  CABLES. 

Under  this  heading  will  be  given  data  mostly  relating  to  the  carrying  capacity  of 
cables. 

Frequently  the  size  of  cable  which  it  is  desirable  to  use  for  a  given  current  is 
governed  by  other  reasons  than  heating,  as  by  regulation  or  by  economy,  but  we  will 
discuss  here  only  the  former  condition. 

Safe  carrying  capacity  is  a  matter  of  safe  operating  temperature  of  the  insulating 
material  and  of  those  factors  producing  that  temperature.  The  safe  operating  tem- 
perature is  governed  by  the  fact  that  insulating  materials  gradually  deteri(HUte  and 
become  useless  at  too  high  temperatures,  and  for  high  voltage  cables  by  the  further 
fact  that  large  dielectric  losses,  increasing  rapidly  with  t^nperature,  produce  at  high 
temperatiures  an  imstable  and  very  unsafe  condition.  Thus  in  effect  the  ability  of 
the  cable  to  continuously  withstand  high  operating  voltages  is  decreaaed  by  higb 
temperatiures.  The  amount  of  this  effect  is  dependent  upon  the  insulating  material 
and  also  upon  cooling  conditions.  The  best  concise  statement  of  the  temperature 
which  is  safe  for  various  conditions  for  different  materials,  though  confessedly  not 
attempting  to  give  figures  precise  for  all  conditions,  is  that  given  in  the  1915  edition 
of  the  Standardization  Rules  of  the  American  Institute  of  Electrical  Engineers. 

The  maximum  safe  limiting  temperature,  in  degrees  centigrade,  at  the  surface  of 
the  conductor  in  a  cable  shall  be: 

For  impregnated  paper  insulation,  (85-E);  for  varnished  cambric,  (75-E);  for  rub- 
ber insulation,  (60-0.25-E)  where  E  re]  resents  the  root-mean-square  operating  electro 
motive  force  in  kilovolts  between  conductors. 

Thus,  at  a  working  pressiure  of  3.3  kilovolts,  the  ma^cimum  safe  limiting  temperature 
at  the  surface  of  the  conductor,  or  conductors,  in  a  cable  would  be:  For  impregnated 
paper,  81.7°  C.;  for  varnished  cambric,  71.7*  C;  for  rubber  insulation,  59.2°  C. 

The  temperature  of  a  cable  is  governed  by  the  heat  produced  in  the  cable  itself 
and  by  the  facility  with  which  that  heat  is  carried  away.  The  temperature  rise  of 
a  cable  above  its  immediate  surroundings  is  largely  dependent  only  on  the  current 
flowing  and  the  size  of  the  conductor  and  not  greatly  upon  the  thickness  or  kind  of 
insulating  material.  The  carrying  capacity,  however,  is  by  no  means  directly  pro- 
portional to  the  copper  cross  section  as  is  often  believed. 

With  sufficient  accuracy  the  carrying  capacity  of  a  single-conductor  cable  not 
heated  by  other  neighboring  cables  may  be  expressed  throughout  the  range  of  com- 
mercial sizes  as  ==Kid  *••*  or  =KiA^'^  amperes,  where  Ki  is  an  experimentally  de- 
termined constant,  d  is  the  diameter  of  equivalent  solid  conductor,  and  A  the  area  of 
cross  section  of  the  conductor.  If  the  diameter  is  expressed  in  centimeters,  Jr|a205. 
If  the  diameter  is  expressed  in  inches,  or  the  area  in  circular  mils  divided  by  1,000,000, 
the  constant  Jris712.  The  formula  gives  the  current  required  to  produce  25^  C. 
rise  above  the  immediate  surroundings  of  the  cable. 
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The  temperature  rise  for  any  other  current  b  practically  proportional  to  the  square 
of  the  current. 

The  combined  carrying  capacity  of  all  the  conductors  of  a  multicore  cable  may  be 
taken  as  the  same  or  slightly  greater  than  that  of  a  single-conductor  cable  of  the  same 
aggregate  section.  This  difference  amounts  to  about  15  per  cent  for  sizes  about  No.  6 
(15  square  millimeters),  6  per  cent  for  sizes  about  No.  0  (50  square  millimeters),  zero 
for  sizes  about  500,000  centimeters  (250  square  millimeters)  and  larger. 

The  above  data  gives  the  temperature  rise  of  a  cable  which  is  freely  suspended 
in  air,  but  the  same  figures  are  true  of  the  temperature  rise  of  the  same  cable  above 
the  conduit  walls  when  installed  in  any  of  the  "drawing  in"  systems  in  use  in  this 
country.  The  additional  rise  of  temperature  of  the  duct  structure  itself  due  to  the 
heat  from  all  the  cables  contained  is  approximately  equal  to  0.7^  G.  per  watt  loss 
per  foot,  or  to  2.3®  C.  per  watt  per  meter.  The  PR  loss  in  all  the  cables  in  the  struc- 
ture is  added  together  to  calculate  this  loss  per  unit  length.  The  constant  given  is 
affected  greatly  by  the  conditions  of  the  structiure  and  the  earth  siurrounding  it. 

There  are  two  conditions  under  which  the  carrying  capacity  is  greater  than  for  a 
cable  exposed  in  free  air.  The  capacity  is  slightly  increased  for  a  cable  buried  di- 
rectly in  the  earth  away  from  other  sources  of  heat.  Tliis  increase  usually  is  not 
over  10  per  cent  to  20  per  cent  and  may  be  less.  A  cable  submerged  in  water  has  a 
carrying  capacity  greater  than  a  cable  in  air  of  the  same  temperature,  by  about  30 
per  cent.  The  effect  on  single  conductor  cables  is  sometimes  considerably  greater 
than  this. 

From  the  data  which  has  been  given,  it  is  possible  to  estimate  the  temperature 
of  any  cable  under  any  condition  and  thus,  with  attention  to  the  limiting  temperature 
given,  to  determine  its  carrying  capacity. 

DIELECTRIC  LOSSU 

When  insulating  materials  are  subjected  to  dielectric  stress,  jthere  is  always  some 
dielectric  loss.  The  amount  of  loss  depends  on  the  nature  of  the  insulating  material, 
the  temperature,  the  voltage  to  which  it  is  subjected,  and  the  frequency  of  alternation. 
The  loss  may  be  large  enough  to  be  of  importance  on  account  of  waste  energy  and 
overheating  of  the  insulating  material. 

A  good  many  writers  in  treating  this  subject  speak  of  the  power  factor  of  the  dielec- 
tric, meaning  thereby  the  power  factor  of  the  load  taken  by  the  cable  when  it  is  not 
supplying  energy  to  any  other  circuit.  For  the  benefit  of  those  interested  in  this 
subject,  we  will  give  some  values  of  enei^  loss  which  may  be  typical  of  a  certain 
class  of  three-conductor  cable. 


Kilo- 
volts 
oper- 
ating 
pres- 
sure. 

Watts  loss. 

Per  foot  of 
cable. 

Per  meter  of 
cable. 

100' F. 
40' C. 

150*  F. 
6o'C. 

100"  F. 
40°  C. 

150*  F. 
66- C. 

25.0 
15.0 
U.O 
6.6 

0.80 
.30 
.18 
.06 

2.20 
.90 
.50 
.26 

2.70 

1.00 

.60 

.27 

7.5 
3.0 
1.7 

.8 

The  values  given  in  the  table  are  for  cables  the  conductor  of  which  is  about  No.  4/0 
Brown  &  Sharpe  gauge— 100  square  millimeters.  According  to  the  size  of  the  con- 
ductors, the  values  may  range  from  30  per  cent  less  for  very  small  conductors  to  50 
per  cent  more  for  very  large  conductors.  The  variation  of  dielectric  loss  for  different 
kinds  of  insulating  material  is  very  much  more  than  that  just  given. 
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The  conductor  PR  loss  in  cables  may  vary  from  15  to  50  watts  per  meter,  from  5 
to  15  watts  per  foot. 

Referring  to  the  table  above,  it  will  be  seen  that  the  dielectric  loss  of  a  6,600- volt 
cable  is  less  than  5  per  cent  of  the  PR  loss  even  at  the  higher  temperature,  while 
the  dielectric  loss  for  a  25,000- volt  cable  at  the  same  temperature  is  perhaps  one-third 
as  great  as  the  PR  loss. 

Dielectric  loss  increases  very  rapidly  with  temperature.  However,  the  amount 
of  heat  dissipated  from  a  cable  increases  only  in  nearly  direct  proportion  to  the  tem- 
perature difference  between  the  cable  and  its  surroundings.  This  will  give  rise  to 
an  unstable  and  imsafe  condition,  if  the  dielectric  loss  itself  is  sufficient  to  produce 
a  considerable  temperature  rise  of  the  cable,  for  an  increase  of  temperature  due  to 
any  cause  will  cause  a  greater  additional  loss  than  the  greater  temperature  difference 
can  cause  to  be  radiated.  Thus  the  cable  will  increase  in  temperature  still  further 
and  so  on  to  destruction. 

PHENOMENA  OCCURRING  AT  TIME   OF  BREAKDOWN    OF  CABLE. 

Investigation  of  phenomena  occurring  at  the  time  of  a  failure  of  a  cable  or  the 
particular  portion  of  the  cable  of  which  the  circuit  is  a  part,  is  very  greatly  aided  by 
the  use  of  tlie  oscillograph.    A  record  of  a  single  test  is  shown  herewith  for  illustra- 


tiou.  This  is  a  record  of  what  occurred  during  a  rather  unusual  failure  of  a  piece  of 
2-conductor  No.  6  Brown  &  Sharpe  gauge,  saturated  paper-insulated,  lead-covered 
cable.  This  piece  of  cable  of  approximately  700  feet  was  connected  to  the  terminal 
of  a  50  kilovolt-ampere  testing  transformer,  the  supply  voltage  being  60  cycles  and 
the  regulating  connections  such  that  the  transformer  voltage  would  have  been  16,000 
volts  on  open  circuit.  More  often  than  not,  a  cable  failing  on  test,  produces  imme- 
diately a  complete  short  circuit.  In  this  particular  case,  it  may  be  seen  that  a  wery 
great  number  of  short  circuits  took  place  but  that  the  short  circuit  was  not  permanent 
and  that  the  voltage  rose  again  and  again,  puncture  occurring  after  a  sufficient  voltage 
was  reached.  More  than  30  complete  oscillations  were  recorded  during  one-half 
cycle  during  this  particular  record.  It  should  be  noted  that  each  of  these  is  a  dis- 
tinct arc,  as  tlie  fall  of  the  voltage  is  nearly  instantaneous  depending  only  on  the 
capacity  and  reactance  of  the  cable,  while  the  subsequent  rise  occurs  with  a  Ire 
quency  depending  upon  the  reactance  of  tlie  transformer  and  the  capacity  of  the 
cable.  The  upper  curve  with  the  minor  variations  is  ciurent  supplied  by  the  trans- 
former and  the  lower  is  voltage  impressed  upon  the  cable. 

In  conclusion,  the  author  wishes  to  express  his  high  appreciation  of  valuable  assist- 
ance rendered  by  R.  W.  Atkinson,  especially  in  the  parts  of  the  paper  relating  to 
carrying  capacity  of  cables,  dielectric  losses  of  cables  and  the  oscillograph  test  of  a 
faulty  cable. 
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APPENDIX. 

ELECTRIC  CABLES. 

Heating  and  carrying  capacity: 

Heating  of  Cables  with  Current,  by  Melsom  and  Booth.  Proceedings  S.  E.  E. 
(British);  Abstract  Electrician  (London),  page  263,  May  26, 1911;  page  303,  June  2, 
1911. 

Temperature  Rise,  by  Symons  and  Walker.  Abstract  London  Electrician,  Jan.  26, 
1912;  Feb.  2,  1912. 

Temperatiu-e  Rise  and  Deterioration  of  the  Covering  Material  of  Wire  by  the  Carry- 
ing Current,  Report  No.  12  of  Electrotechnical  Laboratory,  Tokio,  Japan.  Abstract 
London  Electrician,  Aug.  22,  1913. 

Papers  in  Proceedings  of  American  Institute  of  Electrical  Engineers.  June,  1905, 
by  H.  W.  Fisher;  Feb.,  1913,  by  H.  W.  Fisher  and  R.  W.  Atkinson;  Feb.,  1913,  by 
Saul  Dushman;  Sept.,  1913,  Discussions  of  papers  of  National  Electric  Linemen's 
Association.  Reports  of  committee  on  underground  construction,  various  years,  but 
especially  1913. 

Short  Hour  Carrying  Capacity,  by  William  A.  Del  Mar,  Electric  World,  Dec.  12, 
1908. 

Construction  and  Operation: 

Reports  of  committee  of  National  Electric  Linemen's  Association  on  underground 
construction.    Especially  see  1911, 1913, 1915. 

Cables:  Excess  Voltage  in  Underground  Cables.  Bulletin  Soc.  Int.  Elec.  (France), 
July  to  Dec.,  1914. 

Underground  Electric  Systems.    Geneml  Electric  Review,  May,  1910. 

Electric  Cables— Records  and  Costs.  F.  Femie,  London  electrician.  July  15, 1910; 
Aug.  14,  1910. 

High  Potential  Underground  Transmission,  by  Junkerfield  and  Schweitzer.  Amer« 
ican  Society  of  Electrical  Engineers.    See  Proceedings,  1908. 

Testing  and  characteristics  of  cables  and  insulating  materials^-Design  ci  cables: 

Dielectric  Strength  of  and  Losses  in  Cables,  by  M.  Klein.  Abstract  from  Elect.  2toit. , 
n  London  Electrician,  Dec.,  1913. 

High-Voltage  Tests  and  Energy  Losses  in  Insulating  Materials,  by  E.  H.  Rayner. 
(Nat.  Phys.  Lab.)  British  Society  Electrical  Engineers.  Abstract  London  Elec- 
trician, Feb.  9  and  16,  1912. 

The  Natiire  of  Dielectric  Fatigue.  Report  to  British  Society  Electrical  Engineers, 
by  W.  Holtum.    Abstract  London  Electrician,  July,  1913. 

Testing  the  Electrical  Properties  of  Insulating  Material.  A.  Schwaiger,  Elek.  u. 
Masch.    Abstract  London  Electrician,  Oct.,  1914. 

The  Testing  of  Cables.  M.  Klein,  Sbstract  from  Elek.  Zeit.,  London  Electrician, 
Dec.,  1913. 

Test  of  High  Tension  Cables  in  Water.  Abstract  from  Elek.  Zeit.,  Electric  World, 
Jan.  27,  1912. 

Discussion  of  stresses  in  extra  high  tension  cables.  Good ,  long  article,  various  topics. 
C.  J.  Beaver,  BritLsh  Society  Electrical  Engineers,  Nov.,  1914.  Abstract  London 
Electrician,  Nov.,  1914. 

High  Tension  Cable  Manufacture,  Present  State  and  Future.  Leon  Lichtenstein, 
London  Electrician,  June  2,  1911. 

Dielectric  Strength  of  Insulating  Materials  and  the  Grading  of  Cables.  Alexander 
Russell.    Electric  Review,  Nov.,  1907. 

Electromagnetic  Phenomena  of  alternating  current  cables.  Currents,  losses,  etc., 
in  sheaths  and  armor.  American  Institute  of  Electrical  Engineers  proceedings,  July, 
1913,  H.  W.  Fisher;  March,  1913,  and  Sept.,  1913,  various  authors. 
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The  Chairman.  Mr.  Fisher's  paper  is  now  before  you,  gentlemen, 
for  discussion. 

Mr.  Varney.  I  would  like  to  ask  Mr.  Fisher,  referring  to  the  cop- 
per-clad steel  wire,  where  30  and  40  per  cent  is  given  as  the  conduc- 
tivity, whether  the  stetel  is  relied  upon  for  conductivity  or  whether 
that  refers  to  the  carrying  capacity  of  the  copper  part  only. 

Mr.  Fisher.  The  copper  conducts  most.  Rated  conductivity  is 
based  on  the  combined  conductivity  of  steel  and  copper. 

Mr.  Varney.  That  conductivity,  then,  refers  to  the  conductivity 
on  direct  current  ? 

Mr.  Fisher.  Yes. 

Mr.  Sheppard.  I  notice  that  the  various  manufacturers  of  power 
cables  give  different  values  for  the  current-carrying  capacity  for 
approximately  the  same  description  of  cable.  I  should  like  to  know 
just  how  much  data  are  avaliable  on  that  subject. 

Mr.  Fisher.  There  have  been  quite  a  number  of  papers  published 
on  the  carrying  capacity  of  cables,  and  references  to  them  will  bo  found 
in  the  appendix  of  this  paper.  A  number  of  references  are  made  to 
papers  read  in  this  country  and  abroad.  Our  early  experiments  have 
been  confirmed  to  a  large  extent  by  other  people.  I  might  say  that  we 
made  experiments  a  number  of  years  ago  at  Niagara  Falls.  I  was  there 
for  six  weeks.  We  had  a  duct  system  to  ourselves  and  we  pulled  in 
different  kinds  of  cables  there  and  applied  currents  to  them  for  difi'erent 
lengths  of  time.  On  that  we  based  certain  rules  for  carrying  capacity 
which  we  afterwards  published  in  our  handbook.  Those  values  are 
not  very  far  from  correct.  I  think  they  are  safe  to  go  by  in  any  case, 
although  some  manufacturers  operating  companies  take  considerable 
risk  and  run  their  cables  a  great  deal  hotter.  In  fact,  some  of  the 
cables  at  Niagara  Falls  were  kept  in  service  at  such  a  high  tempera- 
ture that  the  paper  was  completely  rotted,  and  yet  they  operated  at 
2,200  volts  until  they  were  pulled  out,  when  the  paper  was  found  to 
be  rotten  and  cracked. 

The  Chairman.  Is  there  any  further  discussion  ?  If  there  is  noth- 
ing more  before  the  meeting,  we  will  stand  adjourned. 

Thereupon,  at  12.30  o'clock,  the  meeting  was  adjourned. 


Digitized  by  VjOOQIC 


SESSION  OF  SUBSECTION  4  OF  SECTION  V. 

Raleigh  Hotel, 
M(mda/y  rnxjrnvng,  Jawwary  Sy  1916. 

Chairman,  M.  O.  Lsightok. 

The  session  was  called  to  order  at  9.30  o'dock  by  the  acting  chair- 
man, Mr.  John  H.  Finney,  who  announced  the  first  paper  of  the 
session,  ''Final  disposition  of  city  sewage,"  by  Mr.  Rudolph  Hering, 
of  New  York  City. 

THE  FINAL  DISPOSITION  Ol*  CITT  SBWAGE. 

By  RUDOLPH  HBRING. 

Within  the  last  50  yean  the  collection  and  disposal  of  city  sewage  has  developed 
from  a  crude  practice  to  one  which  is  guided  by  scientific  knowledge  and  broad  experi- 
ence. Until  recently  this  subject  was  thou^t  to  be  insejArably  connected  with  a 
nuisance  and  also  with  insidious  disease  breeding,  and  therefore  a  danger  to  public 
health.  Today,  we  have  advanced  in  the  knowledge  and  practice  of  sewage  collec- 
tion and  disposal  to  a  stage  upon  which  we  may  announce:  that  there  need  be  no 
nuisance  along  the  line  of  collection,  beginning  at  the  receptacles  in  the  houses  and 
extending  through  the  sewers  to  the  place  of  final  disposal,  and  that  there  need  be 
no  danger  of  disease  production  at  any  point  along  this  line,  up  to  and  including 
the  sites  where  the  process  of  purification  takes  place.  The  principles  which  underlie 
the  design,  construction  and  operation  of  modem  sewage  collection  and  disposal 
works  are  now  sufficiently  well  imderstood  so  that  any  former  doubts  are  removed 
and  the  elimination  of  unsanitary  conditions  can  be  safely  guaranteed. 

A  paper,  presented  at  this  Congress  by  Mr.  H.  de  B.  Parsons,  covers  the  principles 
which  apply  to  the  collection  and  removal  of  sewage.  The  present  paper  will  be 
confined  to  its  final  disposal. 

Before  we  can  clearly  understand  the  requirements  of  a  plant  for  the  purification 
of  city  sewage,  let  us  realise  the  sewage  composition  when  arriving  at  such  a  plant. 

When  it  first  enters  the  sewers,  it  consists  of  water,  mixed  with  a  very  small  quan- 
tity, less  than  one-tenth  of  one  per  cent,  of  solid  matter  in  suspension  a^d  an  almost 
insignificant  part  of  it  in  solution.  In  its  flow  through  the  sewers,  much  of  the  sus- 
pended matter  becomes  dissolved.  From  an  average  city,  we  may  say  that,  when 
reaching  the  point  of  disposal,  about  one-half  of  the  oiganic  matter  is  dissolved 
Where  outfall  sewers  are  miles  in  length,  this  fraction  may  exceed  three-fourths. 
We  are  not  here  concerned  with  mineral  matter  in  suspension  or  dissolved,  as  this 
needs  no  treatment  for  purification. 

The  oiganic  suspended  matters  differ  in  the  rates  at  which  they  enter  into  solution. 
Some,  such  as  animal  and  vegetable  fluids  are  quickly  dissolved;  others,  as  hair, 
bone  and  vegetable  fibers,  are  very  slowly  dissolved.  They  also  differ  in  weight, 
and  consequently,  by  the  subsidence  of  some  of  the  organic  matter,  the  strength  of 
the  sewage  can  be  reduced  below  the  points  of  subsidence. 
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It  is  necessary,  therefore,  to  know  the  character  of  the  sewage  to  be  purified,  before 
it  is  possible  to  select  the  most  suitable  method  by  which  this  is  to  be  accomplished. 

When  the  sewage  is  delivered  at  the  disposal  plants  in  a  fairly  fresh  condition  and 
contains  some  oxygen  in  solution,  it  is  practicable  to  operate  such  plants  without  a 
nuisance.  Such  a  condition  is  foimd  quite  commonly  in  smaller  cities  having  well- 
flushed  modem  sewers  with  smooth  interior  surfaces  and  good  grades. 

When  the  sewage  must  flow  long  distances,  when  its  flow  is  sluggish  and  when  the 
interior  sewer  surfaces  are  rough  and  irregular,  it  generally  arrives  at  the  dispoaal 
works  in  a  putrid  condition.  Unless  this  condition  can  be  avoided,  special  methods 
and  perhaps  different  disposal  methods  must  be  adopted,  to  reduce  the  original  odora 
or  to  entirely  prevent  them. 

As  long  as  nearly  all  of  the  oiganic  matter  is  in  suspension,  it  is  clear  that  the  best 
treatment  may  differ  from  that  required  when  nearly  all  of  the  oiganic  matter  is  in 
solution;  in  other  words,  sewage  demands  different  methods  of  purification  when 
near  its  origin  and  when,  after  a  long  flow,  it  has  substantially  changed  its  original 
condition.  In  the  former  case,  it  is  a  question,  chiefly,  of  treating  suspended  solid 
matter  and  in  the  latter,  chiefly  of  treating  liquid  matter.  In  practically  all  casee, 
however,  it  is  necessary  first  to  separate  the  sewage  into  its  solid  and  liquid  compo- 
nents. 

If  we  can  accomplish  the  separation  before  the  liquids  contain  much  disBolved 
oiganic  matter,  and  when  the  quantity  of  this  matter  is  so  small  that  no  special  treat- 
ment of  it  is  necessary,  the  purification  of  the  sewage  in  confined  to  nothing  more 
than  a  treatment  of  solids. 

For  convenience,  we  may  discuss  the  entire  subject  imder  three  heads.  First,  the 
separation  of  solids  from  liquids;  secondly,  the  treatment  of  solids;  and  thirdly,  the 
treatment  of  liquids. 

I.  Separation  of  Solids  from  Liquids. 

As  already  stated,  sewage,  at  its  origin,  has  very  little  oiganic  matter  in  solution. 
It  may  genially  be  strained  through  filter  paper  and  leave  a  clear  and  nonputrescible 
liquid.  In  practice,  however,  this  opportunity  for  substantial  separation  is  rarely 
available  and  we  must  generally  count  on  the  necessity  for  some  treatment  or,  at  least 
for  giving  some  attention  to  the  resulting  liquid.  Generally  speaking,  we  must  sep- 
arate from  the  sewage  as  much  of  the  solid  matter  as  practicable,  which  practicability 
is  usually  based  on  economical  grounds.    There  are  three  such  methods  in  use. 

First. — Sedimentation  is  the  simplest  and  most  common  way  to  separate  solids  from 
liquids.  The  sewage  flows  from  a  sewer  into  basins  or  tanks,  whereby  its  velocity  is 
reduced  and  the  suspended  matter  is  caused  to  settle.  The  smaller  the  velocity  and 
the  longer  the  time  allowed  for  settling,  the  more  solid  particles  deposit.  Some  par- 
ticles are,  however,  lighter  than  water,  or  they  are  buoyed  up  by  gas  bubbles  reeultiiig 
from  decomposition,  in  which  cases,  they  rise  to  the  top  and  form  a  scum.  The  liquids 
may  thus  be  relieved  of  the  suspended  matter  to  almost  any  extent  desired,  and  both 
liquids  and  solids  can  be  separately  treated,  as  will  be  described  below. 
.  Second. — Screening  out  the  suspended  matter  will  also  to  some  extent  accomplish 
the  purpose.  Depending  on  the  size  of  the  openings  in  the  screens,  the  amounts  which 
can  be  strained  out  will  vary.  There  are  many  styles  of  screens  used  for  this  purpose. 
Some  are  stationary  and  must  be  cleaned  when  necessary.  Others  are  rotating  and 
are  cleaned  continuously  and  automatically.  Some  have  very  fine  openings,  2  milli- 
meters in  width,  others  have  bars,  an  inch  or  more  apart,  which  hold  back  only  very 
coarse  materials.  Scum  boards  are  usually  added  beyond  the  screens,  for  the  purpose 
of  holding  back  all  light  floating  matter  which  is  not  strained  out  by  them. 

Third.— Centrifuge  separators  are  now  occasionally  used  to  retain  the  suspraded 
matter  of  sewage  and  allow  the  liquids  to  escape  through  fine  screens  placed  at  the 
periphery  of  the  rapidly  revolving  apparatus. 
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All  of  these  three  methods  may  give  satisfactory  results,  and  the  preference  is  deter- 
mined by  local  requirements  and  by  their  relative  economy.  All  nuisance  from  both 
Bolids  and  liquids  can  be  prevented  if  the  sewage  is  delivered  fresh,  a  condition  which 
it  is  practicable  to  secure  in  cities  delivering  fairly  fresh  sewage,  if  the  apparatus  for 
separation  is  constantly  kept  clean  and  if  both  the  separated  solid  and  liquid  matters 
are  at  once  subjected  to  further  treatment  and  given  a  suitable  final  disposal. 

Experience  has  verified  theory,  that  with  proper  cleanliness  at  the  works,  neither 
sedimentation  nor  screening  by  gravity  or  centrifuge  are  apt  to  allow  pathogenic  bac- 
teria to  leave  and  become  separated  from  the  liquids  in  which  they  are  brought  to  the 
-works. 

II.  Treatment  of  Solids. 

When  the  solid  matter  is  retained  by  the  screens  and  centrifuges  and  when  it  is 
taken  from  sewage  while  this  is  fresh,  it  is  usually  not  offensive,  although  it  may  rapidly 
becom^  so  when  exposed  to  the  air  in  a  moist  condition  and  warm  temperature.  It 
should,  in  any  case,  be  removed  and  finally  disposed  of  as  rapidly  as  practicable,  which 
in  warm  weather  means  once  a  day  or  oftener.  In  a  very  dry  climate  or  in  very  cold 
weather,  the  screenings,  when  well  exposed  to  the  air  can  be  desiccated  or  frozen,  and 
in  this  condition  they  do  not  become  foul. 

The  final  disposal  of  moist  and  warm  screenings  can  be  most  efficiently  accom- 
plished, either  by  shallow  biuial,  permitting  of  a  gradual,  inoffensive  decomposition 
into  humus  soil,  as  in  the  case  of  fallen  leaves  in  forests  and  manure  on  fields,  or  by 
incineration  into  ashes  in  a  suitably  constructed  furnace,  at  a  temperature  of  at  least 
1,250^  F.  The  bulk  of  the  daily  screenings  is  not  large  and  amounts  to  about  one- 
half  cubic  foot  per  thousand  persons,  70  to  80  per  cent  of  its  weight  usually  being  water . 

When  sedimentation  is  applied  to  retain  the  solid  matter,  a  radically  different  treat- 
ment is  required.  In  the  older  plants  deposit  was  allowed  to  take  place  on  the  bottom 
of  a  basin  or  tank,  resulting  in  decomposition  in  the  form  of  putrefaction  causing  very 
offensive  odors. 

It  IB  well  known  that,  so  long  as  oxygen  is  present  in  the  sewage,  such  decomposition 
takes  place  by  the  activity  of  aerobic  bacteria  producing  oxidation  of  the  organic  mat- 
ter. The  process  and  the  products  of  this  oxidation  are  inoffensive.  For  instance,  in 
a  dry  climate,  one  may  hang  up  for  desiccation  meat  or  fresh  fish,  with  no  process  acting 
upon  the  same  but  oxidation  and  no  offensive  decomposition  results.  Below,  reference 
will  be  made  to  the  effects  of  artificially  supplying  the  necessary  air  for  such  oxidation. 

As  soon  as  the  free  oxygen  contained  in  the  sewage  is  exhausted  and  there  is  water 
or  moisture  present,  another  class  of  bacteria  develops,  called  the  anaerobic  class, 
which  hydrogenizes  the  oiganic  matter.  This  process,  and  the  products  thereof,  may 
or  may  not  be  inoffensive,  depending  on  the  resultant  gases  that  are  evolved. 

Offensive  gases  are  produced  when  the  anaerobic  bacteria  develop  chiefly  hydrogen 
sulphide.  We  find  this  result  in  the  so-called  septic  tanks,  or  imder  any  ordinary 
conditions,  when  the  oxygen  in  the  enveloping  medium,  moist  air  or  water,  becomes 
exhausted  by  the  dead  oiganic  matter,  the  exhaustion  being  caused  by  absorption 
or  adsorption.  This  is  the  common  condition  under  which  sewage  and  garbage 
containing  dead  oiganic  matter  send  out  the  weD-known  offensive  odors. 

Inoffensive  gases,  such  as  methane  and  carbon  dioxide,  are  in'oduced  by  anaerobic 
bacteria  of  different  orders.  To  get  these  orders  to  work  for  us,  it  is  necessary  to  seg- 
regate the  bacteria  contained  in  the  decomposing  sewage  and  to  establish  conditions 
which  preclude  the  development  of  the  orders  which  produce  foul  odors.  This  can 
be  accomplished  in  the  so-called  Imhoff  tanks,  by  separating  the  settling  material 
from  the  liquids  in  such  a  way  that  it  is  no  longer  freely  and  continuously  exposed 
to  the  flow  of  passing  sewage  as  in  the  septic  tanks.  In  the  struggle  tor  existence,  all 
but  two  kinds  of  bacteria  are  substantially  exterminated— one  producing  methane 
and  the  other  carbon  dioxide  gases,  neither  of  which  has  an  offensive  odor.  The 
bacteria  of  putrefaction  are  either  eliminated  or  kept  inactive. 
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Meantime,  the  liquids  from  which  the  suspended  matter  has  been  removed  to  a 
large  extent  flow  out  of  the  tank  for  further  treatment,  as  will  be  stated  below. 

The  organic  sludge  is  decomposed  automatically  and  its  objectionable  parts  are 
converted  into  gases  and  liquids.  The  gases  rise  and  escape  into  the  air  throu^  inpes 
suitably  placed,  the  liquids  mingle  with  the  sewage.  The  solids  remaining  are 
either  inorganic  or  fairly  stable  oiganic  matter,  resembling  in  appearance  the  humus 
of  the  forest,  and  usually  having  when  first  withdrawn  a  faint  tarry  odor.  'Hie  remain- 
ing sludge  contains  gas  bubbles,  chiefly  of  methane  and  carbon  dioxide  gases  slightly 
compressed  imder  the  weight  of  superincumbent  water.  When,  after  being  sufficiently 
decomposed,  it  is  finally  withdrawn  from  the  tanks,  it  is  like  a  thick  fluid,  and  being 
now  only  under  atmospheric  pressure,  the  bubbles  expand  and  cause  the  sludge  to 
become  porous.  Wh^i  spread  upon  an  underdrained  sand  bed  it  therefore  rapidly 
drains  and  dries  and  is  as  nonputrescent  as  garden  soil,  which  it  resembles  in  i4>pear- 
ance.  ^ 

The  iNractical  operation  of  these  Imhoff  tanks  requires  some  intelligent  attention. 
To  shorten  the  time  in  which,  after  starting,  they  can  get  into  normal  action,  it  is 
now  the  practice  to  introduce  ''ripe"  sludge,  obtained  from  other  and  older  tanks. 
The  period  of  sludge  ''ripening"  in  this  new  tank  may,  by  this  means,  be  reduced 
from  six  months  to  one  month  or  less. 

The  sludge  ia  g^erally  alkaline  and  in  this  condition  it  decomposes  most  rapidly. 
When  it  is  acid,  we  must  reestablish  the  normal  condition  either  by  introducing  fresh 
water  or  lime  water.  The  decomposition  of  the  sludge  is  hastened  by  frequent 
stirring,  either  with  jets  of  water  or  compressed  air  introduced  at  the  bottom,  or  by 
mechanical  agitation.  The  best  results  for  the  sludge  are  obtained  when  there  is  a 
regular  and  frequent  withdrawal  of  small  quantities  at  one  time. 

Keeping  the  scum  formation  down  to  a  minimum  is  also  desirable,  because  of  the 
odors  that  can  arise,  due  to  its  exposure  to  the  air.  Mechanical  agitation  of  the  same 
has  frequently  obviated  this  trouble.  It  seems  probable,  however,  that  the  forma- 
tion of  scum  can  be  almost  entirely  avoided,  if  the  light  matter  is  always  kept  under 
water  by  depressing  and  sloping  the  roof  of  the  tank  and  aUowing  the  gases  to  escape 
from  the  summit  through  small  pipes. 

It  is  possible  to  obtain  the  same  inoffensive  sludge  by  placing  the  decomposing 
chamber  at  one  side  of,  instead  of  below,  the  settling  chamber.  This  saves  depth 
of  excavation  and  possibly  expensive  construction  in  water-logged  soil.  But  the 
sludge  from  shallow  tanks,  because  less  porous,  does  not  dry  as  quickly  as  that  from 
deep  tanks,  and  requires  also  m(nre  area  for  the  works. 

When  the  suspended  matter  has  been  greatly  comminuted  due  to  a  long  flow,  it 
is  practicable  to  increase  the  amount  which  can  be  caused  to  settle,  by  the  addition 
of  some  coagulant,  which  may  be  either  lime,  sulphate  of  alumina,  or  iron. 

Of  late  it  has  been  suggested  that  an  inoffensive  sludge  digestion  may  be  economi- 
cally accomplished  by  oxidation  through  a  continuous  and  artificial  aeration,  caUed 
the  activated  sludge  process.  Experiments  have  shown  that  under  certain  condi- 
tions this  method  can  produce  vary  satis&M^tory  results,  both  as  regards  the  final 
solids,  with  reference  to  their  agricultural  value  and  as  regards  the  liquids  with  refer* 
ence  to  their  purity.  It  is  too  early,  however,  at  this  time  to  fix  either  the  limits 
of  efficiency  or  of  cost. 

The  use  which  can  be  made  of  the  final  sludge  depends  entirely  upon  local  con- 
ditions. Its  lowest  value  will  be  that  of  a  filling  material.  A  higher  value  can  be 
secured  when  used  for  top  soil,  particularly  when  it  is  high  in  nitrates. 

A  treatment  of  the  solids  separated  from  sewage  can  therefore  now  be  accomplished 
without  the  creation  of  a  nuisance,  provided  intelligent  attrition  is  given  to  it.  Also 
the  disease  germs  are  eliminated,  together  with  those  bacteria  which  produce  the 
foul-smelling  gases. 
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III.  Treatment  op  Liquids. 

The  quantity  of  liquids  which  must  be  continuously  disposed  of  is  practically 
almost  equal  to  the  quantity  of  the  water  supply  which  has  been  converted  into  sew- 
age, increased  by  ground  water  which  has  entered  the  sewers  by  leakage. 
_  It  is  necessary  to  dischaige  this  fairly  large  and  continuous  flow  into  a  natural  water 
course.  This  may  vary  in  size  from  a  brooklet  to  a  large  river  and  even  the  ocean. 
In  all  natural  streams  the  water  contains  large  quantities  of  ox3rgen  in  solution.  As 
the  oxidation  of  sewage  liquids  is  tiie  chief  means  of  their  purification,  it  Is  therefore 
seen  that  a  discharge  into  water  courses  is  a  natural  and  effective  treatment.  It  is. 
necessary  then,  to  determine  the  available  quantity  of  the  minimum  amount  of  water 
which  can  be  depended  upon  in  the  flowing  water  throughout  the  year  and  also  the 
available  oxygen  which  it  contains.  This  will  determine  the  size  of  the  community 
whose  liquid  sewage  may  be  oxidized  by  the  particular  stream  receiving  it. 

^e  know  by  experience  and  by  theory  that  the  liquid  sewage  per  thousand  persons 
can  be  satisfactorily  oxidis^  by  a  flow  of  water,  ranging  generally  from  3  to  6  cubic 
feet  a  second.  This  standard  will  therefore  determine  the  quantity  of  sewage  which 
any  water  course,  of  which  the  flow  is  known,  is  capable  of  purifying.  Most  of  the 
sewages  from  the  world's  largest  cities  are,  at  least  in  part,  finally  disposed  of  and 
purified  in  this  way. 

Bowever,  excepting  on  large  rivers,  where  simply  a  separation  of  the  suspended 
solids  from  the  liquids  will  leave  the  latter  in  a  suitable  condition  to  be  discharged 
at  once  into  a  water  course  without  further  treatment,  it  will  generally  be  necessary 
to  remove  at  least  a  part  or  all  of  the  solids.  In  many  cases,  the  available  water 
courses  are  so  small  that  also  a  part  or  all  of  the  dissolved  organic  matter  will  have  to 
be  removed  so  that  the  eflluent  liquids  may  be  safely  and  finally  discharged.  This 
parlor  purification  of  the  liquids  is  accomplldied  by  an  oxidation  effected  on  land. 

There  are,  chiefly,  two  proceisee  which  are  used  to-4ay  to  obtain  this  result:  First, 
filtration  through  sand  beds  and,  secondly,  trickling  through  beds  of  coarse-grained 
material,  called  sprinkling  filters.  Bacterial  activity  on  the  surfaces  of  the  individual 
grains  accomplishes  the  oxidation  of  the  liquid,  while  it  percolates  or  trickles  through 
the  beds,  and  there  appears  to  be  a  fixed  relation  between  the  bacterial  surface,  as 
supplied  by  the  grains  of  sand  or  broken  stone,  the  time  during  which  the  percolation 
takes  place,  and  the  air  available  below  a  definite  maximum  limit.  Any  desirable 
degree  of  oxidizing  can  therefore  be  obtained  by  these  percolating  beds. 

When  sand  beds  are  used,  the  sewage  liquid  is  turned  upon  them  generally  in  fur* 
rows  and  allowed  to  filter  away.  Subd rains  laid  about  5  feet  deep  collect  and 
remove  the  liquids.  As  it  is  generally  economical  to  present  a  very  laige  bacterial 
surface  to  the  sewage,  the  oxidation  can  be  forced  to  a  hig^  degree.  In  a  number  of 
cases  an  effluent  has  been  obtained  equal  to  good  drinking  water. 

When  beds  of  coarse-grained  material  are  used,  the  sewage  is  sprinkled  over  the 
surface  by  movable  or  fixed  spraying  nozzles,  the  latter  are  placed  from  10  to  20  feet 
apart,  and  so  that  the  distribution  becomes  fairly  even  over  the  bed.  The  sewage 
descends  more  rapidly  in  such  material  than  in  sand.  The  usual  depth  of  sand  fil- 
ters is  from  3  to  5  feet,  and  that  of  coarse-grained  filters  ranges  from  6  to  12  feet. 

Movable  or  traveling  sprinklers,  either  rotating  or  moving  longitudinally  over  the 
beds,  as  chiefly  used  in  England,  give  a  more  uniform  distribution  over  the  beds  than 
the  fixed  nozzles  generally  used  in  America.  The  latter  are,  however,  less  expensive 
and  generally  more  eflScient  in  winter  weather;  they  also  require  less  attention. 

At  present,  exi>eriments  are  being  conducted  in  several  localities,  notably  in 
Milwaukee,  for  studying  efficiently  the  result  of  a  direct  a^ation  of  sewage.  Under 
certain  conditions  quite  satisfactory  results  have  been  obtained.  It  would  be  pre- 
xnature,  however,  at  this  time  without  knowledge  of  cost  to  pass  a  final  opinion  as  to 
the  practical  value  of  the  process. 


Digitized  by  VjOOQIC 


506       PROCEEDINGS  SECOND  PAN   AMERICAN   SCIENTLPIC  CONGRESS. 

All  of  the  above-mentioned  proceeeee  are  succeeBful  both  in  theory  and  i»actice  in 
preventing  nuisances  by  removing  their  causes.  They  can  prevent  at  a  reasonable 
cost  also  any  possible  transmission  of  pathogenic  bacteria  from  the  sewers  into  the 
final  effluent  and  with  it  to  other  localities,  by  dosing  the  effluent  with  a  small 
amount  of  liquid  chlorine  which  acts  as  a  germicide. 

In  conclusion,  it  will  be  seen,  as  stated  at  the  outset,  that  we  have  recently  advanced 
to  the  point  where  we  can  confidently  say  tbat  it  is  practicable  to  collect  and  dispose 
of  city  sewage  without  causing  any  nuisance  and  without  running  any  risk  of  trane* 
mitting  disease. 

At  this  point  Chairman  M.  O.  Leighton  took  the  chair. 

The  Chairman.  This  paper  is  now  open  for  discussion. 

Mr.  W.  P.  Mason.  Mr.  Chairman,  may  I  ask  Dr.  Bering  if  he  has 
derived  any  particular  benefit  from  the  tall  chimneyUke  outlets 
in  the  Imhoff  tank,  such,  for  instance,  as  you  found  in  the  Fitchbuig 
tanks)  If  you  recall,  the  designer — I  think  it  was  Mr.  Eddy — has 
carried  the  outlets  for  the  gases  up  4  feet  or  perhaps  somewhat  more; 
of  course  that  means  an  added  expense,  and  beyond  any  advantage 
that  may  be  had  from  the  stopping  of  splashing  on  account  of 
bubble  bursting  and  the  stopping  of  boiling  over,  is  there  any 
other  advantage  which  would  warrant  the  designer  in  going  to  that 
expense? 

Mr.  Hebing.  I  do  not  know  of  any  other  advantage.  I  think 
experience  is  yet  required  in  this  country  to  determine  the  proper 
reduction  of  the  area  and  height  of  these  gas  outlets  which  are 
directly  connected  with  the  lower  tank.  I  understand  that  in  some 
parts  of  Europe  the  ridge  of  the  lower  tank  has  been  depressed  below 
the  water  level  so  that  no  scum  can  form.  The  gases  rise  up  in 
submerged,  inclined,  and  inverted  gutters  and  escape  through  small 
vertical  pipes.  Now  it  seems  to  me  that  this  idea  of  not  allowing 
the  scum  to  form  in  our  somewhat  large  exposed  openings  ought  to 
be  an  advantage.  The  light  matter  while  it  rises  to  the  top  is  still 
imder  water  and  is  subject  to  bacterial  decomposition  and  gradually 
disappears  by  conversion  into  liquids  and  gases.  If  that  is  the  case, 
then  we  can  reduce  the  present  scum  opening  very  materially.  If 
still  the  fear  exists  that  putrefaction  results  on  the  top  where  this 
scum  is  exposed  to  the  atmosphere  and  can  therefore  be  fed  by 
putrefactive  bacteria,  I  think  it  is  wise  to  have  this  opening  carried 
up  like  a  pipe  as  in  Fitchburg. 

Mr.  Mason.  like  a  chimney? 

Mr.  Herino.  Like  a  chimney,  yes.  I  do  not  see  any  reason  why 
that  is  not  a  very  good  plan,  but  I  think  we  need  more  actual  tests 
under  carefully  controlled  conditions,  so  that  you  will  know  not 
only  what  you  are  doing  and  what  you  are  getting,  but  in  order  that 
we  can  reach  proper  conclusions  for  designing  the  best  apparatus. 

The  Chairman.  Are  there  any  other  remarks? 
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Mr.  G.  A.  SoPEB.  I  should  like  to  ask,  Mr.  Chairman,  whether 
in  the  new  tanks  built  in  Belgium,  to  which  Mr.  Bering  has  referred, 
the  digesting  chambers  are  placed  by  the  side  for  the  most  part  or 
beneath  the  main  settling  basin,  and  if  by  the  side  how  they  differ? 
That  is,  to  what  extent  they  appear  to  differ  from  those  experiments 
on  side-digesting  chambers  which  we  have  seen  at  Dr.  Dunbar's 
station  at  Hamburg,  and  whether  they  differ  materially  in  their 
action  from  those  processes  of  sludge  digesting  which  Mr.  Watson 
uses  at  Birmingham  f  Of  course,  we  know,  and  Dr.  Bering  has  • 
admirably  explained,  that  sludge  from  a  deep  digesting  chamber 
drains  more  rapidly  than  sludge  which  has  digested  without  the 
great  pressure  of  supernatant  liquid  upon  it.  Probably  that  digesting 
is  due  to  the  gas  which  the  sludge  from  the  deep  chamber  holds  with 
it.  Is  there  any  material  difference  regarding  the  matter  from 
strictly  a  practical  operating  standpoint,  in  the  rapidity  of  drainage 
of  the  sludge  from  an  Imhoff  tank  with  a  digesting  chamber  beneath 
the  settling  basis  from  the  rate  of  drainage  of  sludge  digested,  as  in 
Mr.  Watson's  works  at  Birmingham?  That  point  has  a  practical 
value,  whether  we  consider  it  necessary  in  the  average  case  to  build 
so  deeply  as  the  usual  form  of  Imhoff  tank  has  required  or  not. 

Mr.  Hebing.  I  shall  state  the  authority  for  the  information  I  gave 
above,  which  relates  to  tanks  recently  built  in  Belgium  by  the 
German  Army.  A  gentleman  called  at  my  office  who  had  been  con- 
nected with  tJie  contractor,  Mr.  Scheven,  and  who  built  most  of  these 
tanks  and  most  of  the  Imhoff  tanks  in  Germany.  This  gentleman 
stopped  to  see  me  on  passing  through  the  dty.  He  was  not  an 
engineer  but  knew  something  about  the  details  of  the  tanks  and  told 
me  what  I  have  already  said.  Therefore  I  am  not  able  to  answer 
Dr.  Soper's  question,  because  I  have  very  little  information,  except 
what  I  told  you;  I  do  not  think  anyone  here  has  any  more.  There 
were  a  certain  number  of  tanks  built  in  the  occupied  area — ^I  think 
he  said  40  or  50 — and  he  spoke  about  hurrying  up  the  decomposi- 
tion of  the  new  sludge  by  getting  old  sludge  from  the  Essen  district 
by  railway  and  in  this  way  at  once  starting  the  action  of  the  new 
tanks,  llien  he  also  spoke  of  keeping  the  scum  entirely  below  the 
water  level  of  the  tank. 

Mr.  Soper.  To  prevent  decomposition  ? 

Mr.  Herii^o.  To  prevent  the  disagreeable  results  that  we  are 
having  with  this  scum.  It  frequently  boils  up  and  rises  several 
feet  and  flows  over  under  certain  conditions.  I  am  not  certain  as 
to  just  what  causes  those  phenomena.  The  overflow  is  not  a  regular 
thing.  It  sometimes  occiurs  one  day  and  then  stops.  I  have  not 
been  able  to  find  out  all  that  happens,  but  we  all  know  that  sewage 
is  a  very  complex  material  in  composition  and  action.    Sewage  and 
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garbage  are  the  most  heterogenous  bodies  on  this  earth.    I  am  sorry 
I  can  not  give  more  information. 

I  might  give  my  own  opinion  as  regards  deep  and  shallow  tanks. 
I  do  not  see  why  the  final  decomposition  could  not  be  just  as  good  in 
both.  But  I  do  not  see  how  it  is  possible  for  the  sludge  from  the 
shallower  tanks  to  drain  as  rapidly  as  the  sludge  from  the  deeper 
tanks,  because  it  can  not  be  as  porous;  the  bubbles  of  gas  are  not 
compressed  so  much  and  consequently  they  can  not  expand  as  mueh 
when  the  pressure  is  released,  and  cause  the  same  porosity  of  the 
sludge.  I  do  know  that  the  experiments  made  here  have  indicated 
the  fact  that  the  sludge  from  shallow  tanks  dries  somewhat  more 
slowly  than  that  of  deep  tanks. 

The  Chairman.  Are  there  any  other  remarks  or  questions  with 
respect  to  this  paper? 

Mr.  SoPER.  Mr.  Chairman,  I  should  like  to  get  some  information 
from  one  of  the  gentlemen  present  here  in  regard  to  his  experiments 
with  activated  sludge.  Mr.  Hering  has  referred  in  his  excellent  paper 
to  the  employment  of  activated  sludge  in  hastening  the  functions  of 
Imhoff  tanks,  when  first  put  into  operation.  It  happens  that  Dr. 
Bartow  is  here.  He  has  been  conducting,  I  think,  the  first,  and, 
perhaps,  the  most  extensive,  experiments  that  this  country  has  yet 
seen  in  the  subject  of  digesting  sewage  salvage  with  activated  slu^^ 
and  if  he  would  give  us  some  of  the  results  of  his  experience,  I  th^ 
it  would  be  informing  and  interesting  to  all  of  us. 

The  Chairman.  The  subject  seems  to  the  chair  exceedingly  ger- 
mane, and,  without  objection,  we  will  invite  Dr.  Bartow  to  address 
the  meeting  on  that  subject. 

Mr.  Edward  Bartow.  I  had  the  privilege  in  1914  of  visiting  Dr. 
Fowler  at  the  University  of  Manchester,  England,  and  was  shown 
the  experiments  which  Dr.  Fowler  was  carrying  on  at  the  sewage 
disposal  works  in  Manchester  with  the  assistance  of  the  resident 
chemist  at  Davyhulme,  Mr.  E.  T.  Ardem,  and  the  chief  assistant 
chemist,  Mr.  W.  T.  Lockett.  Dr.  Fowler  had  gotten  his  ideas  from 
work  which  Clark  was  doing  at  the  Massachusetts  Ekperiment  Sta- 
tion, where  he  was  using  air  in  a  preliminary  method  for  preparing 
sewage  for  treatment  on  sand  filters. 

Ardem  and  Lockett,  in  their  experiments,  blew  air  into  sewage 
until  the  sewage  was  purified;  then  removed  the  supernatant  liquid, 
and  added  fresh  sewage  to  the  sludge.  This  operation  was  repeated 
until  about  one-third  to  one-quarter  of  the  volume  of  the  vessel 
consisted  of  sludge.  The  purification  then  obtained  by  them  was 
remarkable;  in  from  six  to  nine  hours  sewage  could  be  compktdtjr 
clarified  and  a  nonputrescible  effluent  obtained.  On  our  return  to 
this  country  we  immediately  b^an  experiments  in  our  laboratoiy 
that  confirmed  the  results  which  were  reported  by  Ardem  and  Lockett. 
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In  addition  we  collected  the  sludge,  dried  it,  and  tried  experiments 
to  prove  its  mannrial  value.  By  analysis  there  was  shown  to  be 
on  the  dry  basis  6.4  per  cent  of  nitrogen  in  the  sludge.  Ordinary 
Xmhoff  tank  sludge  contains  from  1^  to  2  per  cent  of  nitrogen,  and 
has  some  value  as  a  fertilizer,  but  not  very  much.  Since  obtaining 
the  first  sludge  containing  6.4  per  cent  of  nitrogen  we  have  obtained 
sludges  containing  from  4.5  to  6.5  per  cent  of  nitrogen.  Mr.  T. 
Chalkley  Hatton  of  Milwaukee  sent  sludge  to  one  of  the  fertilizer 
manufacturers  in  Chicago  containing  4.5  per  cent  of  nitrogen  and  was 
told  that  he  would  be  paid  $9  per  ton  for  all  of  the  sludge  of  that 
composition  which  he  could  furnish.  If  we  calculate  the  retail 
value  by  the  ordinary  method  of  20  cents  per  pound  of  nitrogen, 
4.5  per  cent  means  90  pounds  of  nitrogen,  or,  $18  per  ton.  The 
fertilizer  manufacturers  were  offering  50  per  cent  of  the  retail  value 
of  that  sludge.  On  the  same  basis,  6.5  per  cent  sludge  would  be 
worth  113  per  ton  or  at  retail  approximately  $26  per  ton  as  a  fertilizer. 

Mr.  Hebing.  Is  that  dry  sludge  t 

Mr.  Babtow.  Yes;  dry  sludge.  That  is  the  per  cent  of  nitrogen 
figured  on  the  dry  basis. 

Mr.  Mason.  But  not  dehvered  that  way  ? 

Mr.  Babtow.  The  fertilizer  manufacturers  say  it  may  be  deliv- 
ered dry  or  delivered  after  filter  pressing,  and  they  will  do  the  dryingi 
but  it  will  be  paid  for  on  the  dry  basis.  We  have  sent  some  of  our 
sludge  to  Prof.  Lipman,  of  the  University  of  Califomia,  who  has  a 
new  method  of  analysis,  in  which  he  inoculates  the  sludge  or  fertiUzer 
into  soils,  and  determines  the  amount  of  nitration.  Prof.  Lipman 
reports  that  this  sludge  is  similar  in  value  to  fiush  guano,  and  much 
better  than  a  low  grade  tankage  which  is  used  as  a  fertiUzer.  The 
best  test  of  a  fertihzer  is  its  effect  on  growing  plants.  We  have 
tested  the  sludge  using  pot  cidtures  of  wheat.  We  used  a  very  pure 
sand,  to  which  magnesium,  calcium,  potasium,  and  phosphorus  had 
been  added  in  the  proper  proportion.  In  one  pot  we  had  no  nitro- 
gen; in  another,  nitrogen  from  dried  blood,  and  in  two  pots  different 
amoimts  of  the  sludge.  The  yield  of  wheat  grown  in  the  pots  fer- 
tilized with  the  sludge  was  very  much  better  than  that  obtained 
from  any  of  the  other  pots,  it  corresponded  to  a  yield  of  36  bushels 
per  acre;  the  yield  from  the  pot  not  fertilized  was  9  bushels  per  acre. 
We  have  also  fertilized  radishes  and  lettuce  in  the  open  ground,  and 
at  the  end  of  six  weeks  the  radishes  in  the  unfertilized  patch  weighed 
24  granmies,  while  those  in  the  fertilized  patch  weighed  64  grammes. 
The  fertilized  lettuce  weighed  50  per  cent  more  than  the  unfertilized 
indicating  a  value  of  this  sludge  to  the  market  gardner  for  forcing. 

It  is  interesting  to  note  the  development  of  nitrification  in  the 
tanks.  When  an  experiment  was  started,  it  took  15  dajrs  for  com- 
plete nitrification,    llie  next  nitrification  required  four  days ;  the  next 
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two,  and  8o  on,  until  we  could  obtain  complete  nitrification  in  from 
four  to  five  hours.  In  the  first  case,  nitrite  nitrogen  is  formed — 
almost  equivalent  to  the  ammonia  nitrogen.  Then  the  nitrite  nitro- 
gen disappears  and  nitrate  nitrogen  takes  its  place.  After  the  requi- 
site amount  of  sludge  is  present,  no  nitrite  nitrogen,  or  only  a  small 
amoimt  is  formed,  and  the  ammonia  nitrogen  is  changed  completely 
to  nitrate  nitrogen  in  from  four  to  five  hours.  At  first  it  seemed 
necessary  to  carry  out  the  treatment,  by  a  fill  and  draw  system.  A 
continuous  process  did  not  seem  possible,  because  some  of  the  sewage 
would  probably  pass  through  the  tanks  in  2  hours  and  some  of  it 
would  be  delayed  for  8  to  10  hours  if  we  were  trying  to  use  a  six-hour 
flow.  However,  Mr.  Hatton  has  experimented  with  a  continuous- 
flow  tank  at  Milwaukee,  and  the  results  with  this  tank  have  been 
very  much  better  than  with  the  fill  and  draw.  The  eflSuent  from 
the  continuous-flow  tank  is  clear  and  nonputrescible,  and  apparently 
the  continuous  process  is  the  better  method. 

The  cost  has  not  yet  been  fuDy  determined.  The  best  data  has 
been  obtained  by  Mr.  Hatton  at  Milwaukee.  He  figures  that  the 
cost  of  the  air  will  be  about  $3.66  per  million  gallons,  if  1  cent  per 
kilowatt  hour  is  paid  for  electric  current.  The  rate  at  Milwaukee 
is  0.6  to  0.7  cent  per  kilowatt  hour.  At  Urbana  the  price  is  2  cents, 
and  in  Prof.  Mason's  experiments  on  the  electrolytic  disposal  of 
sewage,  the  estimates  are  made  on  a  price  of  4  cents.  When  power 
is  cheap,  evidently  the  air  can  be  obtained  at  a  reasonable  rate. 

There  should  be  some  return  from  the  sludge.  There  will  be  from 
five-tenths  to  six-tenths  of  a  ton  from  a  million  gallons  of  sewage, 
the  amoimt  of  course  varying  with  the  strength  of  the  sewage.  In 
our  experiments  we  estimate  about  one-half  a  ton  per  milUon  gal- 
lons; Mr.  Hatton  estimates  six-tenths  of  a  ton.  If  the  sludge  can  be 
sold  for  $9  per  ton,  there  should  be  a  return  from  the  sludge  which 
would  help  pay  the  expenses  of  the  process. 

The  possible  effect  of  cold  weather  on  the  process  is  worrying  some 
people.  With  our  Uttle  tanks  handUng  6,400  gallons  per  day,  work- 
ing on  the  fiU  and  draw  system,  the  purification  during  the  winter  has 
been  as  good  as  during  the  summer. 

The  2,000,000  gallon  plant  at  Milwaukee,  if  not  in  operation  now, 
will  soon  be  in  operation,  and  will  be  operated  during  cold  weather. 
By  spring  we  shall  know  whether  the  cold  weather  will  interfere 
with  the  process,  but  I  beUeve  it  will  not. 

A  letter  from  Dr.  Fowler,  received  only  day  before  yesterday,  telb 
me  that  a  2,000,000-gallon  plant  is  being  constructed  at  Worcester, 
in  England.    We  will  have  some  more  English  data  in  the  near  future. 

The  Chairman.  We  are  very  grateful  to  Dr.  Bartow  for  his  con- 
tribution to  our  program. 

Mr.  Mason.  May  I  ask  how  that  effluent  looks? 
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Mr.  Babtow.  It  is  usually  dear.  The  process  evidently  removes 
colloids. 

Mr.  Mason.  Do  they  drink  it? 

Mr.  Babtow.  No;  I  have  not  seen  anyone  drink  it,  but  if  emptied 
into  a  stream  or  lake  there  would  be  but  litUe  burden  placed  on 
water-purification  plants.  The  bacterial  removal  was  not  men- 
tioned. That  was  over  90  per  cent.  With  3,000,000  bacteria  in  the 
sewage,  there  will  be  approximately  30,000  in  the  effluent.  Of 
course  the  sludge  is  very  rich  in  bacteria. 

Mr.  Pabsons.  How  is  the  air  introduced  ? 

Mr.  Babtow.  The  air  is  introduced  in  most  experimental  plants 
through  porous  plates  manufactured  by  the  General  Filtration  Co., 
of  Rochester,  N.  Y.  These  plates  are  made  of  finely  graded  sand 
mixed  with  ground  glass,  and  heated.  The  air  passes  through  the 
liquid  in  a  finely  divided  state. 

The  Chaibmak.  We  must  now  pass  to  the  next  paper  on  the  pro- 
gram, "Sewers,"  by  Mr.  H.  de  B.  Parsons,  of  New  York  CSty. 


SEWERS. 

By  H.  DE  B.  PARSONS, 

ConstUting  Engineer,  New  York  City, 

Ae  communities  increase  in  population  and  become  more  densely  settled,  thus 
passing  from  rural  to  civic  conditions,  demands  arise  for  those  public  improvements 
which  can  not  be  delegated  to  private  enterprise.  The  citizens  require  a  water 
supply,  paved  streets,  municipal  buildings,  and  parks.  As  privies  and  cesspools 
can  not  be  tolerated,  when  houses  are  built  close  to  each  other,  there  is  a  legitimate 
demand  for  a  sewerage  system  to  carry  away  the  liquid  waste  from  the  house  drains 
and  the  rain  water  from  the  paved  streets.  With  the  completion  of  a  water  supply, 
sewers  become  a  necessary  sequel. 

The  earliest  sewerage  works  were  designed  primarily  to  care  for  surface  drainage. 
Liquid  house  wastes  were  not  permitted  to  enter  the  sewers  until  a  much  later  date. 
The  sewerage  works  of  ancient  Rome  have  been  foigotten  by  many,  although  they 
were  nearly  equal  in  magnitude  to  its  water-supply  system.  The  cloaca  maxima, 
built  by  Tarquinius  Priscus,  about  588  B.  C,  formed  the  main  outfoll  sewer.  It 
was  about  14  feet  wide  by  32  feet  high,  covered  by  a  semicircular  arch.  Portions  are 
still  in  use,  and  it  is  interesting  to  note  that  this  is  one  of  the  earliest  engineering  works 
embodying  the  arch  principle. 

London  began  to  construct  underground  drains  after  the  great  fire  in  1666.  The 
earliest  of  these  drains  were  not  water-tight  and,  therefore,  not  well  adapted  for  the 
admission  of  house  drainage.  About  1800  water-closets  began  to  be  introduced  in 
the  houses,  and  fecal  matter  was  permitted  to  enter  some  of  these  drains. 

In  1845,  systems  for  municipal  sewerage  were  commenced  in  London  and  in  Ham- 
buig,  and  these  were  the  first  cities  to  adopt  decided  improvements  for  the  removal 
of  household  wastes.  In  1847,  the  first  act  was  adopted  by  the  governing  authorities 
in  London  to  make  it  compulsory  for  houses  to  drain  into  the  sewers.  Self-cleansing, 
water-tight  sewers  may  be  said  to  date  from  this  year. 
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As  aeweiage  works  are  underground  and  not  visible  and  u  they  are  onzomantic  in 
character,  they  do  not  attract  the  general  attention  of  the  public .  This  is  a  great  i^ty , 
because  they  represent  large  outlays  of  money  and  are  a  close  link  in  the  maintenance 
and  promotion  of  public  health,  happiness,  and  prosperity. 

The  protection  of  the  commonweal  by  a  prompt  removal  of  sewage  is  a  public 
question  of  prime  importance.  The  effect  produced  by  the  construction  of  sewers  is 
a  marked  reduction  in  the  mortality  rate. 

EFFECT  OF  SBWERAQE   ON  HEALTH. 

Gol.  Greoige  Waring  once  said,  ''Send  me  money  to  build  sewers  and  clean  up 
Havana  and  in  a  short  time  I  will  guarantee  that  the  city  will  be  as  healthy  a  place 
to  live  in,  as  any  of  our  northern  cities. ' '  Sir  Douglas  Galton  said,  in  an  address  before 
the  sanitary  institute  of  Great  Britain,  "It  may  be  accepted  as  certain  that  in  every 
case  where  the  sewerage  of  towns  has  been  designed  on  sound  principles,  and  where 
the  works  have  been  carried  on  under  intelligent  supervision,  a  laigely  reduced 
death  rate  has  invariably  loUowed.'' 

It  is  extremely  difficult  to  show  the  effect  of  sewerage  on  the  death  rates  from 
typhoid  or  enteric  diseases,  because  these  effects  are  concealed  by  other  improve- 
ments,  which  also  may  act  in  a  beneficial  manner.  Frequently  a  new  or  an  improved 
water  supply,  as  well  as  civic  improvements,  which  tend  to  make  a  cleaner  city,  are 
introduced  just  before  the  sewers  are  built.  Again,  sewerage  works  are  seldom  con- 
structed at  the  same  time  for  all  the  territory  covered  by  a  town,  but  are  built  piece 
by  piece.  The  change  from  no  sewerage  to  full  sewerage  is  gradual,  distributed  over 
a  number  of  years,  during  which  the  works  were  building,  and  the  result  is  a  con- 
cealment of  the  true  facts.  No  doubt  increased  knowledge,  more  competent  nursing, 
and  greater  care  to  prevent  the  spread  of  infection  all  help  to  cloud  the  issue. 

As  a  broad  statement  it  may  be  said  that  typhoid  death  rates  should  vary  inversely 
with  the  rainfall  in  towns  where  there  are  no  sewerage  works;  that  is,  the  more  rainfall 
the  less  typhoid,  and  vice  versa.  This  relationship  is  seldom  made  clear,  because 
of  disturbing  factors,  but  was  well  exemplified  in  Baltimore,  Md.,  before  that  city 
began  to  construct  its  sewers.  When  the  sewers  have  all  been  completed,  it  may  be 
expected  that  this  relationship  will  reverse;  that  is,  when  the  sewers  and  water- 
purification  works  are  in  full  operation. 

Unfortunately,  the  result  in  Baltimore Vill  be  clouded  because  both  these  public 
improvements,  together  with  paving,  are  being  prosecuted  at  the  same  time,  and  the 
effect  produced  by  the  one  will  be  diflicult  to  trace  from  the  other. 

The  report  of  the  sanitary  convention,  April,  1893,  at  Stanton,  Mich.,  stated  that 
in  352  American  cities  the  mortalit>'  was  about  four  and  one-half  times  greater  in 
those  without  sewers  than  in  those  with  sewers.  As  these  towns  were  not  in  the 
same  vicinity,  the  result  is  more  interesting  in  the  general  conclusion  than  in  the 
numerical  ratio. 

The  following  statistics  from  European  cities  are  interesting  in  this  particular.  In 
Hamburg,  the  general  death  rate  from  all  causes  from  1834-1844  was  48.8  per  1,000 
population  when  there  were  no  sewers;  from  1861-1880,  it  was  13.3,  after  a  sewerage 
system  was  built;  while  in  1892  the  death  rate  from  enteric  fevers  alone  was  400  per 
100,000  in  the  unsewered  portion  of  the  dty,  and  288  where  the  sewerage  was 
completed. 

The  following  table  gives  other  statistics,  which  tend  to  illustrate  the  truth  of 
the  general  premise: 
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aty. 

Completed  sewerage. 

Date. 

Deaths. 

Date. 

Deaths. 

Date. 

Deaths. 

Frankfort  on  the  Main 

1854  to  1859 
1860  to  1865 
1865  to  1860 
1877  to  1886 

87.0 
168.0 
108.0 

86.2 

1875  to  1887 

1876  to  1880 
1878  to  1880 

24 

Munich 

1865  to  1875 
1871  to  1875 
1887  to  18041 

131 
00 
23 

87 

Dandc 

18 

Warsaw 

>  Water  supply  and  sewer  connections  started  in  1887,  bat  not  ftnlshed  In  1804. 

James  H.  Fuertes'  has  drawn  theee  conclusions  after  a  close  study  of  such  facts 
as  were  available: 

In  large  cities  having  a  pure  water  supply  and  no  sewers  or  drains  the  typhoid 
fever  death  rate  is  very  sensitive  to  meteorological  influences. 

In  large  dtiee  having  a  pure  water  supply  and  efficient  sewera^  and  drainage, 
the  typhoid  fever  death  rate  is  not  sensitive  to  meteorological  conditions. 

In  some  cases  a  decrease  in  typhoid  fever  has  occurred  with  increase  of  rain  fall 
in  cities  having  efficient  sewerage  and  drainage;  which  might  indicate,  in  these 
cases,  that  the  influence  of  dilution  toward  apparent  purification  was  greater  than 
that  of  surface  washings  toward  pollution. 

In  small  cities,  not  naving  sewers  and  depending  upon  wells  for  water,  the  typhoid 
fever  death  rate  is  apt  to  vary  inversely  with  the  rain  fall. 

The  following  figures  have  been  published  r^;arding  the  death  rate  from  all  causes, 
following  the  introduction  of  sewerage  systems  in  English  towns.  The  reductions 
are  stated  in  percentages. 

Banbury,  12J  per  cent;  Cardiff,  32  per  cent;  Croyden,  22  per  cent;  Ely,  14  per 
cent;  Macclesfield,  20  per  cent;  Newxwrt,  32  per  cent;  Salisbury,  20  per  cent. 

There  is  sufficient  evidence  to  prove  the  great  hygienic  influence  which  a  sewerage 
system,  properly  designed  and  operated,  does  exert  on  the  public  health.  In  conse- 
quence, n^en  communities  grow  to  be  classed  as  towns,  there  can  be  no  possible 
excuse  for  delaying  the  construction  of  sewers.  They  are  n6t  a  luxury,  but  a  necessity. 
The  day  for  pails,  cesspools,  and  outhouses  has  passed,  whenever  a  community  can 
afford  a  water  supply  system;  and  without  water  and  sewers,  a  town  can  not  succeed 
commercially  or  prosper  in  competition  with  other  towns,  which  are  managed  in 
a  more  enlightened  manner. 

Improvements  for  treating  and  purifying  sewage  are  so  advanced  to-day,  that  the 
benefits  of  sewerage  should  be  within  the  reach  of  every  closely  built-up  town. 

SEWER  DESIGN. 

Sewers  are  designed  to  receive  and  promptiy  carry  away  sewage  and  drain  water 
to  some  place  where  it  can  be  discharged  or  treated  so  as  not  to  create  a  nuisance 
or  be  a  source  of  injury  to  health.  The  objects  are,  therefore,  twofold,  convenience 
and  hygiene.  The  simplest  system  to  provide  convenience  for  the  householder  may 
not  be  the  one  best  suited  to  the  community  from  the  view-point  of  health  conditions. 
It  frequently  happens  that  systems,  designed  originally  for  convenience  and  at  a  low 
first  cost,  have  to  be  remodelled  later  to  comply  with  health  requirements.  This  is 
expensive  and  sometimes  a  heavy  burden  on  a  community,  which  may  need  all  of 
its  resources  at  this  later  date  to  provide  other  municipal  improvements. 

It  is  best  to  have  a  comprehensive  general  plan  and  policy,  designed  for  the  pros- 
pective needs  of  the  town  for  a  reasonable  future  growth.  Then  to  construct  from 
time  to  time  such  part,  or  parts,  as  may  be  needed,  so  that  in  the  end  there  will  be  a 

>  James  H.  Foertes— Water  and  Public  Health— 1906. 
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completed  sewerage  system,  of  which  each  division  will  properly  function  with,  the 
others.  Where  present  conditions  would  not  warrant  the  construction  of  so  large  a 
sewer  as  future  requirements  might  indicate,  it  is  possible  to  build  a  small  one  at  first, 
and  at  a  later  date  to  build  a  second  one  and  to  operate  the  two  in  parallel,  until  one 
huge  one  can  be  constructed. 

In  every  case,  careful  study  should  be  made  for  the  final  discharge  of  the  sewage 
under  future  conditions,  and  so  design  the  works  that  treatment  can  be  reacnrted  to 
whenever  the  demand  arises. 

Formerly  sewerage  systems  were  disigned  in  a  more  or  lees  haphazard  manner, 
to  collect  the  sewage  and  dilute  it  as  quickly  as  possible  by  dischargiDg  it  into  the 
nearest  river,  lake,  or  waterway.  To-day  there  is  a  decided  trend  tovneurd  the  accom- 
plishment of  greater  cleanliness  and  decency,  by  a  more  perfect  system  of  conduits 
and  by  lessening  the  danger  to  others  by  treatment  before  dischaiging  the  effluent. 

Lack  of  financial  resources  often  hamper  the  design  of  new  works.  Few  realize 
the  future  expense  of  a  too  restricted  first  construction.  While  householders  demand 
sewer  ^udlitiee,  they  have  a  great  regard  for  taxes;  and,  in  an  effort  to  keep  down  the 
tax  rate,  advocate  a  makeshift  policy  which  only  means  an  additional  cost  later. 
Public  officials,  with  limited  tenure  of  office,  are  frequently  to  blame  for  not  keeping 
the  citizens  properly  informed  on  the  situation;  or  for  trying  to  complete  a  cheap 
system  during  their  administration,  for  purposes  of  self-advertisement,  when  they 
Imow  it  jnay  not  be  the  best  for  the  town. 

A  water-carriage  system  of  sewerage  may  be  designed  as  a  *' combined"  or  as  a 
**  separate  "  system.  These  names  are  used  to  indicate  whether  the  sewerage  works 
are  designed  to  carry  off  combined  rain-water  and  household  liquid,  or  only  the  latter 
by  keeping  it  separate  from  the  rain  water.  Since  the  combined  system  has  to  have 
much  larger  conduits  than  the  separate  systems,  its  construction  is  the  more  expensive. 

If  sewers  have  to  be  placed  sufficiently  far  below  the  surface  so  as  to  drain  base- 
ments and  cellars,  the  expense  of  a  combined  system  with  large  conduits  is  great, 
while  a  separate  sewer  at  a  low  level  for  house  discharges  and  a  storm-water  drain 
near  the  surface  might  be  cheaper  in  many  instances.  Sewers  should  be  run 
straight  and  true  to  grade,  to  make  them  self-cleansing.  Storm  drains  can  easily  be 
curved  to  avoid  other  subsurface  works,  which  is  often  an  advantage  for  the  separate 
plan. 

Furthermore,  it  is  a  great  advantage,  under  many  drcumstancee,  to  keep  the  house 
sewage  separate  from  the  rain  water,  especially  when  treatment  is  required  before 
final  disposition.  The  storm  water  can  often  be  discharged  without  treatment,  and  dis- 
posal works  for  house  sewage  alone  can  be  made  correepondiogly  smaller,  than  if  all 
the  combined  liquid  had  to  be  passed  through  them. 

The  two  systems  should  be  made  to  cooperate,  that  is,  a  design  should  consider  the 
advantages  of  both  and  utilize  these  advantages  to  the  fullest  extent  consistent  with 
local  requirements.  Thus,  sewers  can  be  built  large  enough  to  carry  house  drainage 
and  only  a  part  of  the  storm  water.  By  a  system  of  overflow  weirs,  the  greater  floods 
from  storms  can  be  passed  from  the  sewers  into  storm  drains.  This  has  the  advantage 
of  retaining  in  the  sewers  the  first  street  washings,  which  are  ti^uently  more  polluted 
than  the  household  wastes.  During  heavy  freshets  the  amoimt  of  sewage  carried  off 
by  the  surplus  water  into  the  storm  drains  is  not  in  large  proportion  and  is  so  diluted 
that  it  can  be  discharged  with  the  storm  water  without  detriment. 

The  design  of  a  sewerage  system  should  be  simple.  Complications  increase  main- 
tenance and  upkeep  charges;  while  interruptions  to  operation,  even  for  brief  periods, 
will  cause  hardship  and  damage  to  adjacent  property.  In  important  works,  all  experi- 
ments or  untried  devices  should  be  avoided.  As  sewers  are  constructed  under  ground 
and  covered  over,  with  the  street  surfaces  paved,  it  is  troublesome  and  aimoying  to  cor- 
rect any  defects  after  the  works  are  finished.  In  order  to  succeed  with  a  simple  design, 
the  best  of  engineering  advice  is  none  too  good. 
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The  deedgn  should  be  made  with  a  proper  allowance  for  future  requirements.  A 
careful  study  should  be  made  of  the  quantity  of  sewage  to  be  handled  at  the  time  of 
construction,  as  well  as  at  a  reasonable  future  date,  say  25  or  30  years  thereafter. 
Main  sewers,  which  receive  lateral  branches,  should  be  planned  for  additional 
laterals  to  be  built  in  streets  not  sewered  at  the  time  of  inception. 

The  grade  of  a  sewer  is  that  of  its  invert.  In  this  connection  it  must  be  remembered 
that  the  surface  of  the  liquid,  flowing  in  the  sewer,  should  be  the  controlling  grade. 
This  is  known  as  the  "hydraulic  gradient." 

If  the  grades  are  too  steep  the  liquid  will  flow  rapidly  in  a  shallow  stream,  and  the 
laiger  particles  of  solid  matter  will  become  stranded,  form  a  dam,  and  finally  block  the 
conduit.  If  the  contour  requires  too  steep  a  grade,  the  use  of  drop  manholes  will  permit 
a  flatter  grade  for  the  conduits,  and  still  succeed  in  joining  the  required  differences  in 
elevations. 

When  the  flow  is  very  rapid,  there  is  a  serious  wear  by  attrition  on  the  walls  of  the 
sewer,  especially  of  the  invert.  This  cutting  action  may  seriously  impair  the  useful- 
ness of  the  sewer  and  require  expensive  repairs.  When  street  washings  are  permitted 
to  enter,  the  grit  of  the  street  dirt — sand  and  gravel — ^will  be  an  active  agent  in  this 
process  of  attrition.  With  velocities  of  8  feet  per  second  the  wear  is  often  serious  after 
20  years  use,  and  it  is  good  practice  to  line  the  invert  with  hard  brick  when  velocities 
of  8  feet  or  more  are  expected. 

On  the  other  hand,  if  the  grades  are  very  flat,  the  velocity  of  the  liquid  may  be  so 
slow  that  deposits  will  form  and  interrupt  the  flow.  In  such  cases  the  conduits  must 
be  kept  clean  and  free  by  artificial  flushing  or  by  manual  labor. 

Engineers  usually  consider  that  the  minumum  grad^  should  be  as  below: 

Minimum  grades,  separate  sewers. 
[Velocities,  2  feet  per  seoond.] 


Diam- 

Per 

Diam. 

Per 

ter. 

cent. 

ter. 

cent. 

Ineket. 

Zncftet. 

4 

1.2    I 

15 

ai5 

6 

.6    1 

18 

.12 

8 

.4 

20 

.10 

10 

.20  i 

24 

.08 

13 

.22  1 

For  combined  sewers,  the  minimum  grade  should  be  20  per  cent  steeper  than  above. 
When  the  Kutter  formula  is  used  to  calculate  the  velocity  or  dischaige,  the  value  of 
n  should  be — for  pipe  sewers,  0.011  to  0.013;  for  brick  sewers,  0.013  to  0.015;  for  con- 
crete sewers,  0.011  to  0.015. 

There  can  not  be  said  to  be  any  best  section  for  a  sewer,  since  the  choice  of  design 
depends  on  so  many  considerations,  as  location,  use,  amount  of  flow,  and  material  of 
ground  in  which  it  is  to  be  built.  In  general,  the  best  cross  section  is  that  one  which 
will  have  the  least  cost  to  construct,  will  be  the  cheapest  to  maintain,  will  be  the 
easiest  to  keep  clean,  and  still  will  be  strong  enough  to  sustain  the  pressure  loads. 

A  few  words  on  the  more  common  sections,  however,  may  be  useful.  The  size  of  a 
sewer  is  usually  given  as  the  diameter  of  the  equivalent  circular  area.  Thus,  if  the 
cross  section  is  other  than  circular  in  form,  the  sewer  is  said  to  have  a  diameter  whose 
circular  area  is  equal  to  the  actual  area  of  the  section. 

Circular  sewers. — This  section  has  the  greatest  area  with  the  least  perimeter,  and  is 
economical  in  the  use  of  materials  for  construction.  It  is  the  most  common  form,  and 
for  small  sewers  is  practically  the  only  shape  used.  The  best  flowage  is  when  running 
from  one-half  full  to  full.  It  is  not  as  good  a  section  as  some  others  for  laige  sewers  that 
have  frequent  periods  of  low  flows,  or  when  the  flow  is  subject  to  great  variations. 
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Egg-shaped  sewers.— This  is  a  favorite  section  for  a  flow  that  ia  lees  than  the  designed 
capacity;  as,  for  instance,  for  sewers  in  a  district  not  yet  fully  built  up  but  in  which 
the  population  is  expected  to  increase,  and  for  combined  sewers  where  the  dry-weather 
flow  is  much  less  than  the  storm  flow.  Its  ratio  of  area  to  wetted  perimeter  (imown  as 
the  hydraulic  ladius)  is  nearly  constant  for  different  depths  of  liquid.  When  the 
diameter  exceeds  6  feet,  it  may  not  be  an  economical  section  in  the  use  of  materials, 
but  the  width  of  trench  required  is  lees  than  that  for  a  circular  section.  Its  disadTan- 
tages,  especially  for  the  larger  sizes,  are  di£Sculty  to  construct,  lack  of  stability  to  resist 
pressure,  and  liability  to  develop  cracks. 

Catenary  or  inverted-egg  sewers. — For  large-sized  and  deep-laid  sewers  this  section 
has  the  advantage  of  closely  conforming  to  the  timbering  of  any  tunnel  excavation. 
It  is  not  much  in  use  for  the  smaller  sizes. 

Horseshoe  sewers. — ^This  is  a  popular  section  and  possibly  second  only  to  the  circular 
form.  It  closely  conforms  to  the  bottom  of  the  tarench  excavation  and  requires  less 
height  than  the  circular  or  egg  sections.  The  sides  should  be  designed  strong  enougji 
to  carry  the  thrusts  of  the  circular  arch  of  the  roof. 

Basket-handle  sewers. — This  section  is  similar  to  the  horseshoe  section,  but  not  as 
much  used. 

SemieUiptical  sewers.— This  section  can  be  designed  with  a  tJun  arch  and  still  be 
strong  enough  to  resLst  the  loading.  The  top  is  either  a  true  semieUipse  or  a  three- 
center  arch,  while  the  bottom  is  a  flattened  curve. 

Semieireular  sewers. — ^This  is  a  section  well  suited  for  localities  where  the  ground 
surface  is  low;  that  is,  near  the  grade  line,  and  is  one  often  used  when  the  top  of  arch 
has  to  project  above  the  groimd. 

RecUmgxdar  sewers. — ^Whenever  head  room  or  side  room  in  the  trench  is  restricted, 
this  makes  a  good  section.  Ordinarily  it  is  built  somewhat  wider  than  high,  and  is 
most  suitable  when  there  is  a  steady  flow  of  fairly  constant  quantity.  For  deep-rock 
work  it  is  especially  adaptable. 

Oothic  sewers. — ^This  section  is  now  seldom  used. 

Cunetie. — Sewers  having  flattened  inverts,  like  the  horseshoe,  basket-handle,  semi- 
elliptical,  and  semicircular  sections,  are  often  constructed  with  a  cunette  to  carry  the 
dry-weather  flow.  The  cunette  is  a  groove,  generally  semicircular  in  section,  located 
at  the  low  point  of  the  invert.  The  area  above  the  cunette  is  available  for  a  large 
capacity  of  storm  water.  By  concentrating  the  dry-weather  flow  the  ratio  of  area  to 
wetted  perimeter  is  large.  Motional  head  reduced,  and  less  danger  of  stoppage  due  to 
particles  becoming  stranded. 

Manholes. — Sewers  must  be  periodically  cleaned  and  inspected.  This  is  accom- 
plished by  constructing  manholes  through  which  access  can  be  had  and  by  making 
the  sewers  straight  between  manholes.  When  sewers  are  too  small  to  admit  ^e 
passage  of  a  man,  the  pipe  or  conduit  can  be  inspected  between  manholes  by  holding  a 
light  in  the  one  next  beyond  the  observer.  A  lamp  hole  is  sometimes  provided  in 
place  of  a  manhole  as  they  are  smaller  and  lees  expensive  to  construct.  These  lamp 
holes  are  simply  used  as  a  means  of  passing  a  lighted  lamp  from  the  street  surface  into 
the  sewer  and  thus  facilitate  inspection  from  adjacent  manholes.  For  convenience 
in  sighting  and  cleaning,  manholes  on  small  sewers  are  located  near  together,  the 
usual  maximum  distance  being  about  250  feet.  On  large  sewers  manholes  can  be 
farther  apart  and  when  the  conduits  are  sufllciently  large  to  admit  a  man  with  ease 
they  can  be  at  comparatively  long  distances.  If  too  to  apart,  there  is  difficulty  in 
cleaning  out  accumulations  and  preventing  stoppages  and  also  in  repairing  or  renewing 
worn  or  damaged  parts. 

A  manhole  should  be  located  at  every  point  of  change  in  direction.  The  conduit 
in  passing  through  the  manholes  should  be  an  open  trough  in  the  bottom  of  the  man- 
hole, having  the  invert  the  same  as  the  conduit  on  each  side.  This  trough  is  curved 
when  angles  are  to  be  turned. 
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When  sewers  are  apt  to  have  a  strong  velocity  and  for  large  sewers,  it  is  best  to  design 
the  manhole  on  one  side  of  the  center  line.  In  sudi  cases  the  floor  of  the  manhole  is 
located  at  about  the  middle  of  the  height  of  the  sewer  or  just  above  the  surface  of  the 
running  liquid  under  average  condition  c^  flow.  This  arrangement  permits  a  man 
to  inspect  with  greats  ease  and  safety  than  when  the  manhple  is  constructed  directly 
over  the  center  line. 

CaUh  6(utrw.— The  fundamental  idea  that  catch  basins  will  retain  sand,  grit,  and 
«>lid  matters,  aad  i^otect  sewers  from  becoming  choked,  is  sufficiently  attOM^ve  to 
have  made  strong  advocates  in  th^ir  favor.  Practice  has  shown  that  the  popular 
demand  for  a  general  use  of  otU^  basins  is  not  well  fouiuied.  Undoubtedly  they 
serve  a  useful  purpose,  but  are  not  always  necessary. 

Street  surfoees  become  littered  with  grit  and  solid  matters,  which  are  wa^ed  into 
thesewer  drains  by  street  flushings  and  storms.  Wlum  pavements  are  rough  and 
uneven,  preventing  a  thorough  cleaning  of  the  streets,  it  is  probable  that  catch  basins 
are  a  desirable  feature.  To  be  effective,  they  must  be  well  designed  for  their  locality 
and  surroundings  and,  above  aU,  must  be  properly  cleaned  out.  Oatch  basins  soon  fill 
to  the  level  of  the  drains  to  the  sewer,  and  then  aU  matters  are  passed  into  the  sewers 
as  if  there  were  no  basins,  or  the  sewer  drains  become  clogged  and  the  street  flooded. 
To  prevent  this,  catch  basins  must  be  cleaned  out  at  regular  intervals  and  this  cost 
often  exceeds  that  to  ke^  the  sewer  free  and  open. 

When  street  pavements  are  smooth,  well  kept,  and  properly  cleaned,  catch  basins 
are  less  necessary  and  could  be  omitted  from  the  design  without  detriment.  When 
omitted,  the  gutter  drains  i^e  covered  with  gratings  and  directly  connected  to  the 
sewers. 

There  can  not  be  any  fixed  rule  regarding  the  use  or  omission  of  catch  basins.  The 
designing  engineer  should  use  good  judgment,  after  studying  all  the  controlling  fea- 
tures-H9trBet  cleaning,  pavements,  size  of  sewers,  depth  of  flow,  velocity,  and  the  like. 

Foundationt. — In  an  abbreviated  pax>er,  such  as  this  one,  it  is  not  necessary  to  say 
more  than  that  a  suitable  foundation  for  the  weight  and  pressure  to  be  supported  is 
essential.  Frequently  a  q>reading  base  is  all  suflSdent.  In  very  soft  ground,  such 
as  marsh  crossings,  piles  are  sometimes  required. 

A  sewer  must  not  be  allowed  to  settle  out  of  grade,  or  changes  in  its  velocity  will 
occur,  creating  deposits  which  may  be  difiicult  and  expensive  to  remove.  If  in 
doubt,  good  engineering  advice  should  be  secured. 

AMOUNT  OF  SEWAGE . 

It  requires  considerable  skill  to  predict,  with  any  degree  of  accuracy,  the  amount 
of  sewage  that  a  community  will  produce.  It  is  usually  done  by  comparison;  that 
is,  comparing  the  town  with  others  as  nearly  similar  as  possible  in  size,  in  character- 
istics, and  in  geographical  situation,  as  well  as  in  population. 

While  the  amount  of  sewage  produced  by  each  person  is  nearly  the  same  irrespective 
of  population,  the  fact  remains  that  the  amount  of  sewage  per  capita  in  large  cities 
is  greater  than  in  small  ones.  As  cities  increase  in  population,  the  tendency  is  to 
use  more  water  per  capita,  and  it  is  this  watw  which  passes  into  the  sewers  as  liquid 
refuse  or  sewage.  Manufacturing  and  othor  industries  increase  the  per  capita  con- 
sumption of  water,  and  consequently  tiie  amount  of  sewage  increases  in  greater  ratio 
than  the  population. 

In  American  cities,  the  sewage  volume  is  neariy  equal  to,  but  not  qiute,  tiie  volume 
of  water  supplied.  The  daily  and  the  hourly  variation  in  sewage  flow  correspond 
closely  to  that  of  tiie  water  supply,  while  the  actual  amount  is  somewhat  less. 

The  daily  average  quantity  of  sewage  varies  from  about  85  to  200  gallons  per  capita, 
depending  on  population,  location,  and  industries.  A  fair  average  for  laige  cities^ 
but  not  for  those  of  the  flrst  magnitude,  would  be  100  gallons  per  capita  per  day. 
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The  author  collected  data  on  the  quantity  of  water  consumed  by  cities  and  towns 
of  various  populations  and  deduced  a  curve  for  quantity  of  sewage  per  capita.  The 
result,  does  not  include  ground  or  surface  water,  but  does  include  industrial  waste. 
It  must  be  remembered  that  this  curve  can  only  be  used  as  an  approximation, 
because  some  towns  would  produce  more  sewage  and  some  towns  much  less  sew- 
age than  shown.  Each  place  has  to  be  studied  by  itself,  as  local  conditions  must  be 
given  full  consideration. 

It  is  well  recognized  that  the  flow  will  not  be  uniform  throughout  the  day.  The 
mairimum  flow  occurs  during  the  morning,  usually  between  8  and  9  o'clock,  when  it 
is  about  one  and  a  half  times  the  average.  At  night  the  flow  is  much  reduced,  being 
only  about  half  the  average  during  the  early  morning  hours. 

It  is  conmion  practice  to  say  that  half  the  daily  flow  of  sewage  will  run  off  in  from 
6  to  8  hours,  and  the  other  half  in  from  16  to  18  hours. 

RAINFALL  REACHINQ  SEWERS. 

As  the  density  of  population  increases,  the  area  becomes  more  impervious.  Streets 
and  sidewalks  being  paved  and  house  roofs  connected  to  the  sewers  leaves  littie  chance 
for  storm  water  to  escape. 

In  unpaved  towns,  with  houses  set  back  from  the  streets  and  surrounded  by  lawns, 
much  of  the  storm  water  is  soaked  up  in  the  earth.  Just  the  proportion  that  can  be 
expected  to  reach  the  sewers  is  difficult  to  foretell. 

If  the  street  grades  are  nearly  level,  the  flow  of  storm  water  into  the  sewers  is  slower 
than  if  the  grades  are  steep.  Therefore  the  slopes  of  the  streets  form  an  important 
factor  in  tiie  rapidity  with  which  water  will  find  its  way  to  tiie  sewers.  In  fact,  the 
length  of  sewer  is  really  of  less  importance  in  this  particular  than  the  surface  slope  of 
the  street. 

It  is  known,  however,  that  the  storm-water  flow  in  sewers  is  greater  with  rainfaUs 
having  a  high  rate  of  precipitation  than  with  those  of  equal  precipitation  having  a 
moderate  or  low  rate.  In  cities  with  paved  streets,  it  is  common  practice  to  design 
sewers  with  capacities  to  carry  o£f  half  the  rainfall  per  hour,  on  the  assumption  that 
the  remainder  will  be  delayed  in  reaching  the  sewers  and  flow  off  later. 

In  cities  subjected  to  high  annual  precipitation  and  having  sewers  on  the  combined 
system  the  volume  of  storm  water  will  exceed  the  dry-weather  flow  by  many  times. 
When  the  sewage  has  to  be  handled  in  treatment  works,  it  is  often  best  to  limit  this 
storm  flow  by  only  allowing  the  first  flushing  of  the  streets  and  roofs  to  pass  along  in 
the  sewers  and  by  providing  for  the  surplus  storm  water  to  overflow  into  special 
storm  drains.  This  limit  is  usually  about  twice  the  dry-weather  flow.  When  a  small 
stream  would  be  overburdened  by  the  polluted  storm  water  discharge,  the  limit  may 
be  increased  and  a  greater  portion  of  the  storm  water  passed  to  the  treatment  works. 

GROUND   WATER. 

Although  sewers  are  expected  to  be  water-tight,  it  must  not  be  presumed  that  this 
perfection  is  reached  in  their  construction  or  maintenance.  A  reasonable  amount  of 
infiltration  of  ground  water  must  be  expected.  The  quantity  to  be  provided  for  will 
depend  on  the  depth  of  the  sewer  and  the  character  of  the  ground .  This  leakage  must 
be  foretold  by  actual  experience  in  other  places,  as  it  can  not  be  measured  in  advance 
of  construction. 

Brick  sewers  will  leak  more  than  pipe  sewers.  With  pipe  sewers  having  cement 
joints  an  average  figure  would  be  about  25,000  gallons  of  infiltration  per  mile  per  day 
when  the  sewer  is  **well  built."  If  sulphur-sand  joints  are  used,  or  if  the  joints  are 
filled  with  some  of  the  better  compounds  made  for  this  purpose,  the  infiltration  may 
be  reduced  to  about  one-fifth  of  this  figure. 

As  the  amount  of  infiltration  or  leakage  will  depend  on  the  wall  area  of  a  sewer,  the 
rate  should  be  stated  in  terms  of  the  square  yards  of  inside  surface,  rather  than  on 
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length.  Since  figures  of  actual  leakage  have  only  been  obtained  for  a  few  places,  or 
for  the  aggregate  of  a  number  of  difierent-sized  sewers  connected  into  one,  the  re- 
corded results  are  usually  stated  in  gallons  per  mile  of  sewer  per  day. 

The  Metropolitan  Sewerage  Commission,  in  its  report  for  New  York,  1914,  assumed 
a  maximum  of  30,000  gallons  and  an  average  of  15,000  gallons  per  mile  per  day.  The 
following  figures  will  give  some  idea  of  the  quantities,  but  should  be  read  with  some 
understanding  of  the  character  of  the  ground  and  the  class  of  sewer-construction  work 
installed. 

Oalloiis  p«r  mile  per  day.  GaUons  per  mfle  per  day. 

Altoona,  Pa 40, 814 

Metropolitan  sewers,  Boston 80, 000 


Canton,  Ohio ifitlm 

North  Brookfield,  Mass 1?!  000 

Rogers  Park,  111 1, 240 

Brockton,  Mass 26, 000 


Joint  trunk  sewer,  New  Jersey. .     25, 000 
New  Orleans,  La 31, 800 


POLLUTINO  MATTER  FROM  8TRBBT8. 

The  quantity  of  polluting  matter  which  may  reach  sewers  from  street  surfaces 
can  only  be  determined  approximately.  The  polluting  matter  includes  animal 
excreta,  feces  and  urine,  as  well  as  some  house  sweepings  and  similar  dirt. 

All  of  the  street  dirt  does  not  reach  the  sewers,  as  some  is  removed  by  the  street- 
cleaning  force.  Much,  therefore,  depends  on  the  methods  of  cleaning  and  the  fre- 
quency of  storms.  The  first  flush  of  storm  water  entering  the  sewers  is  often  more 
pc^uted  than  the  liquid  house  sewage. 

The  amount  is  not  constant,  but  varies  according  to  weather  conditions,  to  street- 
cleaning  methods,  to  characteristics  of  the  various  districts  sewered,  and  to  efficiency 
of  catch  basins. 

TRADE  WASTES. 

In  some  cities  there  are  restrictions  against  discharging  trade  wastes  into  the  public 
sewers.  These  restrictions  are  more  effectively  enforced  in  European  cities  than  in 
those  on  the  American  Continent.  The  principle  of  having  some  restriction  is  good, 
both  for  protection  of  the  sewerage  system  and  for.  facilitating  the  operation  of  treat- 
ment works. 

Many  trade  wastes  contain  acids  and  ingredients  which  act  deleteriously  on  the 
material  and  joints  of  sewers,  and  some  form  deposits  that  interfere  with  the  proper 
flow.  High  temperatures  are  also  injurious,  and  there  should  be  a  fixed  maximum 
temperature  above  which  discharges  should  be  forbidden.  Thus  boiler  blow-offs, 
discharging  hot  water  and  steam  directly  into  sewers,  are  not  only  bad  for  the  sewers 
but  make  inspections  both  difficult  and  dangerous. 

VENTILATION. 

The  term  **  sewer  gas ''  is  often  seen  in  print  and  reference  made  to  its  effect  on  health . 
There  is  no  such  gas  and  the  term  is  erroneous.  Sewer  air,  or  air  in  the  sewer,  has  not 
proved  unhealthy  for  those  employees  who  work  in  and  around  sewers.  While  sewer 
air  may  be  and  often  is  unpleasant  to  the  smell,  the  chief  danger  from  it  is  in  sewers 
where  there  is  a  splashing,  caused  by  uneven  flow  or  house  discharges.  Small  glob- 
ules of  moisture,  mixed  with  the  air,  mi^t  carry  disease  germs  into  the  respiratory 
oigans  of  those  breathing  the  sewer  air.  If  hot  dischaiges  are  kept  out,  sewer  air 
would  not  be  so  unpleasant. 

When  sewer  air  is  breathed  continuously  for  extended  periods,  it  has  an  injurious 
effect,  producing  headache,  loss  of  appetite,  and  general  debility,  thus  rendering 
the  subject  liable  to  nervous  prostration  and  to  the  attack  of  disease  through  a  run- 
down condition. 

Ordinarily  sewers  are  ventilated  through  the  manhole  covers  and  gutter  connections. 
New  air  is  drawn  in  by  the  sewage  flow,  and  by  any  decrease  in  sewage  volume .  Simi- 
larly, portions  of  the  air  contained  in  a  sewer  are  diriven  out  by  all  increases  in  volume 
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of  flow.  As  house  connections  are  generally  trapped,  air  can  not  enter  or  pass  out 
through  them;  but  slight  changes  in  pressure  may  open  the  seab  of  ordinary  traps. 

Ventilation,  whereby  sewer  air  is  diluted  by  purer  air,  is  most  important  in  every 
sewerage  system.  When  the  flow  is  sufficient  to  prevent  accumulations  <»-  deposits 
and  to  carry  away  putrescible  matters  rapidly— that  is,  while  still  fresh— complete 
changes  of  air  in  the  sewers  are  less  important  than  when  contrary  conditions  exist. 

Perfect  ventilation  can  not  be  attained  except  through  complication  and  increase 
in  cost  of  operation.  Simple  methods,  those  not  liable  to  derangement,  only  are 
permissible. 

Under  ordinary  conditions,  the  air  in  a  sewer  has  a  tendency  to  circulate  with  the 
flow  of  sewage.  When  grades  are  steep  and  temperatures  high,  the  air  currents  may 
leverae  and  flow  toward  the  high  points.  As  tiie  current  is  not  constant  in  one  direc- 
tion, provision  must  be  made  to  let  air  in  and  out,  no  matter  how  the  air  currents 
operate. 

"To  ventilate  by  means  of  furnaces  and  tall  chimneys  has  not  been  fovorably  re- 
o^ved,  because  of  the  expense  and  the  difficulty  to  control  the  air  in  the  sewers  on 
account  of  the  immense  number  of  inlet  openings,  whldi  would  make  the  effect  largely 
local.  The  same  criticism  exists  against  all  mechanical  means  of  ventilation.  Natural 
ventilation,  by  having  openings  in  manhole  covers,  is  the  most  common,  but  liable 
to  become  inoperative  when  streets  are  covered  with  snow.  In  this  case,  the  gutter 
inlets,  when  not  trapped,  act  as  the  ventilators. 

Air  shafts,  coming  up  in  the  streets  at  suitable  places  and  made  ornamental,  can 
be  designed  to  give  useful  and  beneficial  effects.  These  diafts  could  be  like  monn- 
ments,  and  be  placed  in  open  squares  or  on  isles  of  safety  at  street  crossingB. 

Possibly  a  good  method  for  ventilaton  would  be  through  the  house  soil  pipes,  which 
should  be  carried  above  the  roofs.  This  method  would  omit  traps  between  the  houses 
and  the  sewers,  but  would  have  each  fixture  trapped  and  back  aired.  There  has  been 
so  much  objection  raised  against  this  method  by  house  owners  and  plumbers,  although 
not  always  using  convincing  aiguments,  that  it  has  been  tried  in  comparatively  few 
places.  While  this  plan  has  considerable  merit  in  aiding  ventilation,  it  would  vequiie 
that  all  fixtures  and  traps  be  good,  both  in  design  and  condition. 

MATERIALS. 

Sewers  are  built  of  vitrified  tile,  cast  iron,  various  kinds  of  brick,  and  concrete. 
Laige  sewers  are  made  of  concrete  or  biick;  while  for  small  ones  tile,  concrete,  and  iron 
pipes  are  used. 

Sewers  wear  by  abrasion.  When  a  material  that  is  liable  to  loss  by  attrition  is  used, 
it  is  a  good  plan  to  line  the  invert  with  a  harder  material.  This  lining  is  expensive, 
but  the  cost  is  warranted  under  some  conditions.  The  lining  is  generally  made  of 
paving  brick.  As  some  concrete  mixtures  compare  favorably  with  paving  bricks, 
it  is  not  necessary  to  line  such  sewers. 

Materials  that  have  high  absorption  properties  wear  more  or  less  rapidly  by  attrition; 
therefore,  the  ordinary  water  absorption  test  is  a  good  one  to  apply  to  materials  for 
sewer  construction  in  order  to  obtain  their  relative  wearing  quality. 

Ordinary  building  bricks  will  wear  away  faster  than  the  cement  mortar  in  the 
joints.    Tile  pipe  is  not  considered  as  durable  as  good  concrete  pipe. 

The  life  of  sewers  is  very  variable,  depending  on  the  materials  of  which  they  are 
constructed,  the  velocity  of  flow  and  the  character  of  the  sewage.  Some  of  the  softer 
kinds  of  building  brick  will  not  last  10  years  in  the  inverts  of  some  sewers.  Harder 
kinds  of  building  brick  will  last  many  times  longer.  Vetrified  shale  brick  may  have 
a  life  exceeding  100  years.  Vetrified  pipe,  vetrified  tile,  and  gravel  concrete  may 
be  expected  to  last  from  100  to  200  years,  or  at  least  so  long  that  the  sewer  may  become 
obsolete  and  have  to  be  replaced  through  other  causes  than  wear. 
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Ab  advantage  in  the  use  of  catft-iron  pipe  is  the  long  length  of  the  pieces  and  the 
fewer  joints  required. 

LOADS  OK   SEWBR  PIPB. 

A  series  of  tests  of  loads  on  sewer  pipes  in  ditches  was  published  in  Bulletin  No.  31, 
Iowa  State  College,  Engineering  Experiment  Station,  from  which  the  following  has 
been  taken: 

(a)  Side  sheeting  increases  the  load,  since  the  side  Mction  against  the  sides  of  the 
ditch  is  lessened* 

(5)  Back  fining  has  a  tendency  to  arch  across  between  the  side  walk  of  the  ditch 
and  thus  lessen  ^e  load  on  pipe.  In  consequence,  wide  ditches  reduce  the  arching 
effect  and  tend  to  increase  the  load. 

(c)  Tamping  increases  the  load,  especially  when  too  heavy  lamers  are  used  and 
when  back  filling  is  not  well  packed  between  the  sides  of  the  pipe  and  the  ditch  walls. 

(d)  Maximum  loads  often  occur  when  settlement  takes  place,  sometimes  a  long 
time  after  ditch  is  filled. 

(e)  The  loads  per  linear  foot  of  pipe  are  relatively  less  as  the  height  of  fill  increases; 
that  is,  the  loads  increase  at  a  less  ratio  than  the  increase  in  depth  of  fill. 

Some  authors  state  that  pipe  sewers  should  not  show  failure,  when  tested  on  a  sand 
bed,  with  3,000  pounds  per  linear  foot  for  pipes  12  inches  and  smaller  in  diameter; 
and  with  4,500  pounds  on  pipes  over  12  inches.  A  simple  method  of  testing  is  to  lay 
the  pipe  length  on  a  sand  bed,  in  such  a  manner  that  the  pipe  rests  on  60  degrees  of 
its  lower  arc;  and  then  to  apply  the  load  on  a  longitudinal  strip,  1  inch  wide,  placed 
on  the  upper  end  of  the  verical  diameter. 

UJkSH  DBADIAOB. 

Street  sewers  should  be  so  designed  that  the  laterals  can  discharge  into  maioB  and 
the  mains  discharge  into  an  arterial  or  main  dndnage  system,  whose  object  is  to  collect 
the  sewage  and  convey  it  to  some  podnt,  or  points,  for  final  disposition.  There  may 
be  more  than  one  83^tem  of  mains,  but,  if  so,  they  should  be  all  laid  out  to  connect 
with  the  same  main  drainage  system. 

When  sewering  a  town  for  the  first  time,  it  is  seldom  necessary  to  have  am  elabor- 
ate main  drainage.  As  the  town  grows  into  a  city,  especially  one  situated  in  a  popu- 
lous country,  the  demand  for  main  drainage  is  sure  to  arise;  and  it  is  well  to  anticipate 
this  need  by  having  the  laterals  and  mains  placed  at  sudi  grades  atnd  eievatkms  as 
win  permit  the  completed  system  to  be  constructed.  Owing  to  contours  of  ground 
surface,  pumping  is  often  required,  to  ndse  the  sewage  to  new  levels  so  that  it  can 
flow  again  by  gravity  into  main  drainage  conduits. 

Therefore,  main  drainage  lines  and  lootl  main  lines  of  sewers  are  distinguished 
chiefty  by  their  object.  Local  mains  are  fo^  the  purpose  of  removing  the  sewage 
quicldy  from  the  laterals,  which  collect  it  from  the  districts  whereia  it  originates. 
Main  drainage  lines  are  for  the  purpose  of  protecting  rivers,  lakes,  and  harbors  upon 
which  cities  may  be  located,  and  for  keeping  thole  bodies  of  water  reasonably  clean. 

Main  drainage  sewers  ^otdd  be  designed  for  a  mdnimam  velocity  of  2.25  feet  per 
second,  ^en  the  mains  are  flowing  between  two-thirds  and  three-quarters  full. 
Local  drcunutancee  may  necessitate  the  use  of  a  smaller  figure  for  minimum  velocity 
than  that  just  mentioned. 

As  an  illustration  of  how  some  American  cities  have  conBtrtzcted  main  drainage 
works,  to  collect  and  carry  thehr  sewage  to  disposal  plants,  a  few  examples  are  given 
on  the  accompanying  dia^rams.^  The  darker  shades  represent  areas  of  denser  popula* 
tion.    Street  laterals  are  not  shown,  only  the  ooUecthig  mains. 

Baltimore,  Md.,  had  a  population  of  558,48)  in  l&lO,  and  covers  an  area  of  32  square 
miles.    The  main  drainage  Works,  now  nearly  completed,  will  cost  over  120,000,000. 

>  For  a  fall  description  of  thflse  dtleB,  as  well  as  of  others,  see  Report  of  Metropolitan  Sewerage  Cknnmis- 
sion  of  New  York,  aoth  April,  lOU,  fhnn  which  these  diagrams  have  been  taken. 
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Boston,  Maas.,  has  three  systems  of  main  drainage.  These  three  systems  collect 
the  sewage  from  24  cities  and  towns,  whose  estimated  populaticm  was  1,240,000  in 
1908. 

Chicago,  111.,  has  spent  over  $40,000,000  od  its  main  drainage.  The  area  under  the 
jurisdiction  of  the  dntinage  board  is  358  square  miles;  and  the  plan,  shown  in  figure 
6,  was  designed  to  provide  for  the  sewagft  and  some  of  the  liquid  trade  wastes  from 
3,000,000  people. 

Columbus,  Ohio,  with  a  population  of  181,548  covers  an  area  of  17  square  miles 
Its  sewerage  works  are  built  partly  on  the  combined  and  partly  on  the  separate  system. 

Worcester,  Mass.,  had  a  population  of  145,986  in  1910.  It  is  a  large  manufacturing 
center.  At  the  inception  the  sewers  were  built  on  the  combined  system,  and  later 
on  the  separate  system. 

New  York,  N.  Y.,  had  a  population  of  4,600,000  in  1910,  and  covers  an  area  of  327 
square  miles,  not  including  the  water  surfaces.  The  Metropolitan  Sewerage  ConmiiB- 
sion  was  appointed  to  study  the  problem  of  protecting  the  harbor  waters  from  excessive 
pollution  and  to  report  a  plan  and  policy  for  the  city.  The  commission  made  reports  in 
1910, 1912,  and  1914,  and  reconmiended  the  city  to  construct  works. 

At  present  the  raw  sewage  from  New  York  and  from  part  of  New  Jersey  is  discharged 
into  the  harbor  waters  to  be  carried  back  and  forth  by  tidal  action.  Tliis  system  has 
proved  very  unsatisfactory,  and  it  is  to  be  hoped  that  the  city  authoritiee  will  not 
delay  much  longer  in  making  improvements  which  are  so  sadly  needed.  Without 
the  adoption  of  a  general  plan  and  policy,  local  laterals  and  collector  mains  can  not 
be  built  to  grades  that  will  permit  the  works  of  the  five  boroughs  to  be  brought  into  a 
connected  whole. 

London,  England,  had  a  population,  draining  into  the  sewers  connected  to  its  main 
drainage  works,  of  5,336,000  in  1911.  The  cost  to  construct  these  works  has  amounted 
to  161,000,000.  The  system  was  necessitated  by  injury  to  the  River  Thames  through 
pollution  caused  by  the  various  sewers  discharging  directly  into  it.  Only  a  portion  of 
the  rainfall  (something  over  two  and  one-half  times  the  dry- weather  flow)  is  allowed 
to  enter  the  system.  All  additional  storm-water  is  cared  for  by  storm  overflows 
discharging  into  the  Thames.  This  arrangement  lets  all  the  first  flush  of  polluted 
water  from  the  street  surges  pass  into  the  sewers.  The  county  council  are  now 
looking  forward  to  improving  the  present  sewerage  system. 

Paris,  France,  had  a  population  of  2,847,000  in  1911.  The  city  has  a  very  compre- 
hensive plan  for  main  drainage,  and  sewage  is  not  allowed  to  be  discharged  into  the 
Seine  within  the  city  limits  except  during  heavy  storms.  The  major  portion  of  the 
sewage  is  conveyed  to  a  pumping  station,  whence  it  is  forced  through  mains  to  irri- 
gation areas,  situated  at  Gennevilliers,  Acheres,  Pierrelaye,  Oarrieres,  and  Triel, 
aggregating  about  13,600  acres,  of  which  one-third  is  owned  by  the  municipality. 
A  small  portion  of  the  sewage  is  conveyed  to  outlets  discharging  into  the  Seine  at  St. 
Denis  and  at  St.  Ouen,  located  below  Glichy.  The  sewage  has  to  be  repimiped  in 
order  to  reach  all  the  irrigation  fields,  where  it  is  distributed  through  open  ditches. 

Berlin,  Germany,  had  a  population  tributary  to  the  sewers  of  2,182,400  in  1912. 
The  sewage  is  collected  on  the  combined  plan,  and  the  territory  served  was  divided 
into  12  parts  or  districts,  each  having  a  central  collecting  station  at  its  lowest  point. 
The  sewage  is  pumped  at  these  stations  to  various  farms  for  disposal,  where  the  sewage 
is  distributed  both  through  clay  pipes  and  open  ditches  about  18  inches  deep,  chiefly 
the  latter.  The  sewage  farms  cover  an  area  of  about  43,400  acres,  and  the  sewage  is 
applied  to  half  this  area,  of  which  some  16,000  acres  are  in  vegetable  beds  and  aettling 
pools,  5,000  acres  in  meadow,  38  acres  for  pisciculture,  and  247  acres  in  forestry.  The 
cost  of  the  city's  sewerage  works,  including  street  sewers,  pumping  stations,  and 
force  mains,  was  $24,900,000,  and  for  farms,  drainage,  and  carting,  $18,160,000.  The 
farms  do  not  operate  at  a  profit. 
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The  Chaibman.  Is  there  any  discussion  of  this  paper? 

Mr.  Mason.  Mr.  Chairman,  with  reference  to  the  point  that  the 
author  made  about  leakage  of  ground  water  into  sewers,  there  is,  of 
course,  plenty  of  opportimity  of  leaking  the  other  way.  I  happen 
to  be  very  much  interested  in  a  sewer  running  down  through  a  park 
in  Ohio,  and  I  am  strongly  of  the  opinion  that  that  sewer  will  leak. 
It  will  leak  one  way  at  one  part  of  its  course  and  the  other  way  in 
the  other  part,  and  be  a  double  nuisance  in  consequence.  I  feel  that 
that  sewer — ^it  is  a  proposed  sewer — ^wiU  greatly  interfere  with  the 
purity  of  some  valuable  springs  near  which  it  is  proposed  to  run  it 
and  into  which  springs  it  is  pretty  sure  to  leak,  and  I  am  quite  positive 
that  it  will  go  far  toward  draining  a  desirable  artificial  lake  farther 
down  its  course,  either  by  direct  leakage  into  the  sewer  itself,  or  by 
direct  leakage  into  the  more  or  less  porous  fill  surroimding  the  pipe. 

I  should  be  very  much  pleased  to  have  my  views  indorsed  by  the 
eminent  authority  who  has  just  read  this  paper. 

Mr.  Pabsons.  Mr.  Chairman,  the  point  raised  by  Dr.  Mason  is  well 
taken.  Under  the  ordinary  construction  of  a  sewer  in  wet  ground, 
the  ground  water  level  stands  above  the  level  of  the  liquid  in  the  con- 
duit. The  head  external  to  the  sewer  exceeds  the  head  on  the  interior 
of  the  sewer,  with  the  result  that  there  is  an  actual  inflow  from  the 
ground  into  the  conduit.  That  is  the  result  which  is  obtained  in  the 
majority  of  sewerage  works. 

It  is  very  unf  ortimate  that  the  records  are  not  sufficiently  volumi- 
nous on  the  quantities  of  water  that  leak  into  sewers.  Tlie  reason 
for  that  is  the  difficidty  in  measuring  the  quantity  of  the  flow.  As 
a  rule,  the  sewer  discharge  measured  at  one  point  really  means  the 
collection  of  sewage  and  ground  water  through  a  great  many  main 
lines  and  laterals,  sewers  of  different  sizes,  and,  therefore,  of  different 
waQ  areas.  It  is  customary  in  this  coimtry  to  write  the  quantity 
of  inflow  of  water  in  gallons  per  mile  of  sewer,  but  no  doubt  it  would 
be  much  better  to  determine  the  inflow  in  miles  per  some  tmit  of 
area  of  surface  of  the  sewer.  Now,  where  a  sewer  is  built  above 
the  ground  water,  it  is  reasonable  to  expect  that  the  liquid  in  the 
sewer  will  flow  out.  It  is  impossible  to  construct  sewerage  works 
absolutely  water-tight.  Theoretically  it  is  attempted,  but  practically 
it  is  not  accomplished.  The  speaker  recalls  an  instance  of  typhoid 
epidemic  some  years  ago  in  northern  New  York,  and  it  was  with 
great  difficulty  that  the  cause  of  the  disease  was  traced,  but  it  was 
finally  traced  to  a  leaking  sewer.  The  leakage  from  the  sewer  con- 
taminated the  water  supply,  and  undoubtedly  was  the  cause  of  the 
typhoid  outbreak,  which  was  the  point  that  was  raised  by  Dr.  Mason. 

Of  course,  with  large  sewerage  construction  works  in  cities,  well 
water  is  not  supposed  to  be  used  within  the  city  limits.  While  in 
our  large  cities  tlxere  are  a  number  of  wells  drawing  groimd  water, 
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I  do  not  at  the  moment  recall  any  where  audi  water  is  allowed  to 
be  used  for  drinking  purposes  witiiout  treatment.  The  pomt  that 
Dr.  Mason  raises,  that  if  a  sewer  will  leak  imder  one  condition,  it 
will  leak  imder  another,  and  if  it  will  run  in  at  one  time,  it  is  liable, 
under  other  conditions,  to  leak  out,  is  certainly  well  taken. 

Mr.  Hebinq.  As  an  eakpneer,  I  do  not  like  the  imputation  to  rest  upon 
the  profession  that  it  can  not  build  water-tight  sewers.  I  certainly 
think  this  is  possible  and  practicable  and  economical,  but  I  heartily 
agree  with  the  speaker's  miggestion  that  at  the  pres^it  it  has  not  always 
been  done.  I  started  my  engineering  experience  on  sewers  in  my  na- 
tive city,  Philad^hia,  and  th«re,  by  order  of  the  authorities,  the  seweiB 
below  the  spring  line  had  to  be  built  porous.  No  mortar  was  allowed  in 
the  joints — ^the  sewers  -wett  built  of  brick — ^because  the  sewers  were 
to  drain  the  territory  as  well  ae  carry  off  the  sewage.  Now,  I  en- 
deavored to  use  all  the  power  I  could — ^being  an  assistant  it  was  very 
slight — to  introduce  mortar  also  into  the  lower  part  of  the  sewer. 
In  the  course  of  a  few  years  that  was  gmeraUy  done.  I  admit  that 
it  is  often  impracticable  to  build  a  plain  brick  sewer  or  a  pipe  sewer 
water-tight,  unless  you  take  sufficient  care,  which  you  can  not  ahrays 
do  in  practice,  mth  our  present  stage  of  development;  but  I  do 
not  like  the  statement,  without  a  word  of  protest  from  an  ei^ineer, 
that  it  is  not  practicable.  We  have  built  many  sewen  that  are 
water-tight;  we  have  built  sewers  that  have  been  tested  by  filling 
them  with  water  and  letting  the  water  stand  up  in  tiie  manholes 
and  measured  the  lowering  of  the  water  level  to  indicate  leakage; 
and  have  found  none.  We  can  build  even  water  pipes  of  concrete  to 
convey  water  under  pressure  for  drinking  purposes,  wiUumt  leakage. 

Another  point  I  would  like  to  speak  about,  and  that  is  the  catch 
basin  i^uded  to  by  the  author  of  the  paper.  It  is  now  36  ye«» 
ago  since  I  was  first  introduced  to  the  subject  of  catch  basins  and 
to  report  upon  it  to  our  Oovemment.  In  Paris,  France,  for  instance, 
I  found  no  catch  basins  at  all.  In  London  I  found  catch  basins  that 
Were  veiy  inefficient  as  sudi.  In  oth^  places  I  found  catdi  basins  that 
were  rather  expensive  to  take  care  of,  as  Mr.  Parsons  indicated,  and 
since  that  time  I  have  had  this  view:  t>o  not  put  them  in  where 
you  can  avoid  it. 

Now,  it  se^ns  to  me  that  tiie  catch  basin  was  intnoduoed  in 
England  for  simple  reasons  of  edtpedi^cy  at  the  time  when  EngUdi 
cities  first  had  sewors  built.  Now  thosd  sewei^  at  that  time  were 
not  built  according  to  modem  pittidples*  Consequently  it  was 
very  difficult,  for  instance,  to  keep  tiiem  clean  and  keep  the  sand 
tiiat  was  washed  from  the  badly  paved  streeti— mostly  macad- 
amised— ^from  entering  die  sewers  and  holding  back  the  deccmipOB- 
ing  matter  and  causing  general  foulness.  tJnder  those  drCtiin- 
stances  catdi  basins  were  proper;  but  at  the  present  time  it  seems  to 
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me  we  must  take  a  broader  view  of  the  question,  and  we  are  helped 
somewhat  in  the  solution  by  the  present  greater  economy  of  pimiping 
sewage.  Formerly  pumping  was  strongly  objected  to.  To-day  this 
is  no  longer  the  case.  Now  we  can  often  do  without  catch  basins 
here,  as  they  did  in  Paris  years  ago,  and  as  they  do  now  in  many 
citieB  in  Germany.  What  is  necessary  is  good  paveraents,  and 
particularly  smooth  pavements,  as  Mr.  Parsons  indicated.  We  are 
getting  conditions  in  our  country  wliere  the  catch  basin  may,  in  my 
opinion,  often  be  omitted  and  simply  an  inlet  for  the  street  water 
provided. 

Give  the  sewera  a  good  grade,  so  diat  the  velocity  is  good,  which  is 
desirable  also  to  keep  the  sewers  dean  and  the  sewage  fresh  as  long  as 
possible.  In  New  York  City  I  think  it  costs  over  $2  to  clean  a  catdi 
basin  having  half  a  yard  of  material  in  it.  This  is  often  a  useless 
eoqiense  in  smooth  sewers  with  steep  grades.  Old  rough  sewers  do 
make  them  necessary,  but  I  have  never  advocated  catch  baans  except 
where  we  could  see  they  were  absolutely  necessary. 

Mr.  SoPEB.  Mr.  Chairman,  while  I  agree  perfectly  widi  what  has 
been  said  with  regard  to  the  possibiUty  of  constructing  tight  sewers, 
I  also  agree  widi  the  statement  that  sewers  are  seldom  built  to  be 
tight.  I  remember  a  city  of  about  15,000  inhabitants,  which  intended 
to  have  tight  sewers,  but  the  sewers  leaked  very  badly  inwardly. 
The  people  pimiped  all  their  sewage  and  their  ground  water  and 
were  pleased  to  stand  what  was  ordinarily  called  unreasonable 
expense  for  the  pumping  of  the  sewage,  because  they  said  it  had  made 
the  cellars  in  the  city  dry  for  the  first  time  in  the  history  of  the  place. 

I  think  emphasis  ought  to  be  laid  on  the  fact  that  sewers  ought 
to  be  made  as  tight  as  practicable,  on  the  ground  that  eventually 
it  is  probable  that  the  sewage  will  have  to  be  treated.  That  matter 
has  reference  to  Mr.  Parsons'  point  that  sewage  systems  ought  to 
be  laid  out  with  reference  to  the  possibility  of  future  or  present 
sewage-disposal  treaCment.  We  have  in  America  what  most  engineers 
consider  a  shameless  waste  of  water.  It  costs  a  great  deal  of  money 
to  get  the  water  which  we  waste  and  it  also  costs  a  great  deal  of 
money  to  treat  that  water  after  it  becomes  sewage,  where  sewage 
works  are  needed.  I  beUeve  that  we  ought  to  give  considerable 
attention  to  the  probability  that  sewage  works  will  be  needed  and 
that  we  must  take  into  our  sewage  system  no  more  water  than  will 
be  required  as  the  product  of  the  households  and  the  manufacturing 
establishments. 

We  should  not  confound  drainage  of  cities,  for  the  purpose  of  re- 
ducing the  ground  level,  with  sewage.  The  matter  of  tight  sewerd 
has  some  interesting  rdations  in  cities  situated  ISte  New  York  and 
Boston,  where  there  is  a  tidal  influence  which  often  makes  itself  felt 
at  considerable  distance  inland  from  the  water  front.    In  building 
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the  main  drainage  works  at  Boston,  one  of  the  difficulties  encountered 
was  with  that  very  subject  of  water  which  came  into  the  sewers  when 
the  tide  arose.  In  New  York  we  have  some  sewers  on  Manhattan 
Island  more  than  a  mile  long  in  which  the  tide  rises  and  falls  with 
equal  regularity  as  in  the  harbor  itself.  That  matter  is  of  consider- 
able importance,  not  only  with  reference  to  tight  sewers,  but  with 
regard  to  the  matter  of  final  disposition  for  the  sewage.  It  may  delay 
the  movement  of  sewage  toward  the  treatment  works  long  enough 
for  the  sewage  to  become  advanced  in  decomposition;  it  may  have 
other  injurious  effects,  as,  for  example,  backing  up  air  into  the  streets, 
which  should  not  be  there,  and  in  causing  deposits  to  take  place. 

With  reference  to  the  catch  basins  I  have  to  indorse  very  heartily 
what  Mr.  Bering  has  said.  They  are  a  nuisance,  and  in  no  city  more 
than  in  New  York.  They  are  cleaned  at  an  expense  which  is  far 
beyond,  far  out  of  all  proportion,  to  any  other  expenditures  incurred 
by  a  sewage  department  or  by  a  street-cleaning  department,  and  they 
are  not  truly  cleaned.  There  is  no  way,  apparently,  introduced  into 
this  country  of  cleaning  them  without  nuisance  to  pedestrians  in  the 
street  or  without  serious  sanitary  offenses,  and  they  are  not  left  in  a 
clean  condition.  After  cleaning,  probably  the  first  storm  or  first 
shower  fiHa  the  basins  again.  You  can  easily  imagine  what  that 
means,  when  you  realize  that  the  city  considers  itself  proud  if  it  has 
cleaned  all  the  settling  basins  in  the  city  once  a  year. 

With  reference  to  the  designing  of  a  sewage  system,  there  are  many 
elements  that  ought  to  be  taken  into  account;  in  fact,  there  are  so 
many  that  I  hesitate  to  mention  them.  I  hope  someone  else  will 
take  up  that  branch  of  the  discussion. 

The  Chairman.    Has  the  author  any  other  statement  to  make? 

Mr.  Parsons.  Mr.  Chairman,  in  the  paper  as  written  the  follow- 
ing words  are  given:  '* Although  sewers  are  expected  to  be  water- 
tight, it  must  not  be  presumed  that  this  perfection  is  reached  in  their 
construction  or  maintenance . " 

The  speaker  agrees  with  Dr.  Hering  that  it  is  hard  on  an  engineer 
to  admit  that  his  works,  when  completed,  are  not  what  they  are 
expected  to  have  been,  but  there  are  some  engineers  who  like  to  teU 
the  truth,  and  that  was  the  reason  why  attention  was  called  to  the 
leaking  condition  of  the  sewers  as  ordinarily  constructed. 

If  sewerage  works  were  left  alone  after  the  engineer  had  built 
them,  they  would  probably  stay  more  nearly  water-tight  than  they 
do.  It  may  be  interesting  to  some  of  you  to  know  that  the  earth 
in  which  the  sewers  are  built  in  our  large  cities  is  not  quiescent,  in 
many  instances.  In  the  City  of  New  York,  where  a  considerable 
disturbance  is  taking  place  at  the  present  time  through  the  con- 
struction of  subways,  it  is  a  very  interesting  fact  to  note  that  the 
streets  in  some  instances  are  moving  laterally.    In  one  of  them  in 
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which  the  speaker  is  interested,  an  original  survey  had  a  base  Une 
laid  out  straight  between  certain  points,  which  has  now  become  an 
irregular,  twisted  line,  and  it  can  not  be  used;  that  is  to  say,  the  ref- 
erence points  can  not  be  used.  The  whole  street  is  moving  decidedly 
to  the  westward.  With  that  movement  is  being  carried  the  sewer, 
and,  as  the  sewer  moves  in  some  places  more  than  in  others,  it  is  only 
reasonable  to  presume,  and  we  actually  know  that  the  joints  are 
opened.  It  is  not  possible  to  make  them  or  to  keep  them  tight  until 
that  movement  ceases.  Now,  that  movement  is  probably  caused  by 
the  superimposed  weight  on  one  side  being  unbalanced  by  the  weight 
on  the  other  side,  and  is  undoubtedly  due  to  the  construction  of 
these  large  buildmgs,  the  sinking  of  caissons,  and  the  digging  of 
excavations,  each  of  whidi  gives  some  movement,  and  when  on  one 
side  of  the  street  a  deep  excavation  is  made,  while  on  the  other 
side  of  the  street  there  is  a  heavy  weight  imposed,  the  result  is  that 
there  is  a  decided  movement  laterally.  That  point  is  perhaps  not 
known  to  many,  but  it  is  a  very  interesting  one,  and  is  liable  to  occur 
in  other  cities  where  mimicipal  works  of  large  character  are  being 
undertaken,  all  of  which,  of  course,  will  disturb  the  ground,  and  the 
disturbance  of  the  ground  will  affect  the  sewerage  works.  It  is 
impossible  that  it  should  be  otherwise. 

The  Chairman.  The  chairman  has  had  occasion  to  make  some 
interesting  observations  of  that  kind,  not  with  respect  to  sewers,  but 
with  respect  to  tunnels.  There  are  certain  kinds  of  soil,  certain  for- 
mations, sedimentary  in  character,  very  much  in  the  shape  that  they 
were  laid  down  in  water  and  which  seemed  to  have  established  an 
equihbrium;  that  is,  the  different  sand,  clay  and  gravel  particles  were 
evidently  laid  down  in  the  condition,  not  of  maximum  density,  but 
of  a  pretty  good  density.  It  happens  in  many  cases  that  we  will 
have  a  stratum  of  relatively  coarse  material — sand,  we  will  say — with 
a  clay  content  of  from  5  to  10  per  cent,  and  directly  overlying  that 
we  will  have  another  stratum  of  very  much  finer  sand,  with  a  clay 
content  of  from  60  to  70  per  cent. 

Now,  I  have  not  observed  any  effects  of  pressure,  but  in  connection 
with  excavations  in  this  city,  and  in  other  places,  I  have  observed 
that  the  drainage  due  to  deep  excavations  for  sewers,  for  tunnels, 
and  for  deep  foimdations  has  actually  brought  down  from  overlying 
fine  strata  into  underlying  coarse  strata,  the  finer  material,  so  that  we 
have  an  actual  displacement  of  particles.  It  was  notably  so  right 
here  in  Washington  in  the  construction  of  the  the  First  Street  timnel . 
that  crosses  under  Capitol  HiU.  About  30  feet  imder  the  surface  of 
First  Street  there  was  a  stratum  of  very  coarse  gravel,  cobble  stones, 
and  sand.  In  its  original  condition  it  did  not  have  a  particle  of  clay. 
There  is,  however,  now,  over  this  driven  timnel  over  1 1  per  cent  of  clay, 
so  that  sidewalks,  parapet  walls,  and  other  things,  have  actually  been 
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thrown  out  of  position.  The  street  up  there,  as  some  of  you  know, 
dropped,  due,  in  my  belief,  to  actual  displacement  of  material,  and 
the  displacement  was  due,  in  the  first  instance,  to  the  drainage.  Of 
course,  the  ground  water  was  running  along  there  fairly  slowly,  along 
certain  grades  which  were  well  defined.  The  hole  was  sunk  in  the 
bottom  of  that  subterranean  stream,  and,  of  course,  the  drainage  for 
it  for  a  time  was  rertical.  Probably  the  velocity  of  the  movement  of 
ground  water  there  was  thirty  times  as  great  going  down,  as  it  was 
when  it  used  to  go  nearly  levd.  There  are  many  cases,  but  I  merely 
bring  that  up  for  general  information.  There  are  many  places  where 
you  win  find  displacement  of  structures,  and  changes  brought  about 
which  really  are  caused  by  drainage,  or  enhanced  by  drainage,  due  to 
the  creation  of  new  drainage  channds. 

Are  there  any  further  remarks  on  this  paper  ?  If  not,  we  will  pass 
on  &en,  to  the  next,  a  paper  on  sanitary  engineering,  by  Senhor  da 
Silva,  of  Sfto  Paulo,  Brazil. 


ENGENHARU  SANITABU  E  AbASTECIMENTO  MUNICIPAL  DE  AGUA. 

Pot  CLODOMIRO  PEREIRA  DA  SILVA. 
ConsuUor  Technico  da  Secretaria  da  Agricultura  do  Eitado  de  8So  Paulo,  Sdo  Paulo, 

BrasU. 

O  Efltado  de  Sfto  Paulo,  no  Brasil,  p6de  emparelhar-Be,  e  com  mgolho,  6s  nappes 
nudfl  adeantadas  do  mundo,  em  rela^fto  &  engenharia  sanitaria,  e  &  illumina^ 
publica. 

C!om  effeito,  podemoe  dizer,  sem  o  menor  vialumbre  de  jactancia,  que  em  neahum 
paiz  do  mundo,  encontra-se,  em  rela^iU)  d  i>opula9fto,  t&o  grande  numero  de  cidades 
jd  dotadaa  dos  tree  principaes  melhoramentos  municipaee:  illuminaQfto  publica, 
abaatecimento  de  agua  e  eegotoe. 

Apeaar  da  grande  falta  de  capitaes,  a  administra^  publica  tem  envidado  syste- 
maticamente  oe  maiores  eaforgos  para  sanear  as  suafl  varias  agglomera^Oes  humesoM, 
mesmo  relativamente  inaignificautes. 

£  que  tratando-se  de  um  Estado  progressista,  aberto  4  immigragfto  de  tedos  os 
paizee,  a  salubiidade  publica  colloca-se  em  pouto  culminante,  ao  lado  da  seguran^a 
e  da  instruc^fto. 

As  dolorosas  ccmtrariedades  que  Cfrasaf&m  as  m^  condi^Oes  sanitarias  de  Santos, 
e  algumas  outias  cidades,  antes  de  seu  comj^to  saneamento,  que  6  hoje  am  f»cto 
bonroso  e  auspicioso  para  o  Estado,  incutiram  no  animo  de  todas  os  Paulistas,  o  finne 
propoeito  de  sanear,  systematicamente,  todas  as  suas  cidades,  o  que  se  tem  dado, 
mesmo  estando  estas  nos  sous  primeiros  annos  de  vida. 

i  por  isso  que  se  verifica  nas  administra^dee  municipaes,  ainda  nas  r^5es  mais 
rediotas,  a  preo(knlpa^  constante  dos  melhoramentos  a  que  nos  vimos  ref ttindo,  coat  00 
mai<»es  saciificios  do  etaxio  publico,  como  uAo  raio  tem  aconteddo. 

Em  compeusa^fto,  nfto  podia  ser  mais  biilhante  a  expansfto  economica  do  Estado, 
nem  mais  firme  o  seu  progresso  industrial  e  social. 

Para  estes  resultados,  tfto  dignos  de  nota,  t^m  concorrido  incontestavelmente  a 
exc^llente  tMe  de  vias  ferreas,  e  o  grande  numero  de  rios  e  quedas  de  agua  qu^ 
poBBue  0  Estado. 

Pelas  suas  vias  feneas  tem  aide  facil  transportar  todoe  os  materiaes  varios,  deBti- 
nados  ia  localidadee  do  interior;  e  das  muitas  quedas  d'agua,  tem  side  igualmeate 
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iacil  tirar,  em  numerooLaaimas  uonas  hydro-electiicafl,  milharoB  e  milhwes  de  HUnoaU 
de  energia,  que  ora  e&o  distiibuidofl  para  illiiminagfto,  on  para  movimentar  maehiaaa. 

A  salubridade  do  Estado  era  a  melhor  garantia  de  aua  ezpaasfto  ecoiiomica. 

A  coastitui^&o  da  Republica  estabeleceu  a  autonomia  do9  muiucipios  como  principio 
badco  da  oiganiza^&o  politico-admmistrativa  do  pais,  aendo  de  aua  excliuiva  attii* 
bui^^  prover  a  tudo  o  que  fdr  de  aeu  peculiar  lAtereaM. 

N&o  podiam  06  municipioB  tratar  do  desenvolvimeato  de  sua  popula9fto,  e  de  mia 
expfuisSU)  economlca,  que  86  se  pdde  lundar  no  commercio  e  na  iiuluaUia,  aem  aaaear 
as  suas  cidades. 

A  maior  parte  delles  o  fizeram  com  extremos  saciificios  pecuuiazios,  realisando  am- 
prestimos  oneroeos,  mas  com  bonestidade,  e  pela  optima  applica^  que  Ihas  derani» 
colhem  hoje  fructos  compeusadores. 

A  lAfluencia  do  abasteclmento  de  aguas  potaveis  e  do  estabelecimanto  das  Mm 
de  eigotosy  foi  Immediata  na  salubiidade  das  varias  agglomeragOes. 

Cidades  que  foram  assoladas  pela  lebre  amerella  e  febre  tjrpboide,  viiam^ie  prompt 
tameute  livres  deasas  duas  terriveis  epidemias,  como  Santos,  Campinas,  Ribeiifio 
Preto,  Sorocaba,  e  outras,  que  s&o  centros  importantiaaimos  de  economia  e  industtia, 
presentemente. 

Essas  obras  de  saueamento,  que  hoje  s&o  lamiliares  no  Estado  inteiio,  de  par  com 
a  ac9^  vigilante  e  effectiva  das  auctoridadee  publicas,  tomam  o  Estado  de  S&o  Paulo 
uma  das  regimes  mais  salubres  do  mundo,  o  que  dizemos  aqui  sem  o  menor  exaggero. 

O  ABASTBODIBNTO  DB  AOUASliS  dDADSB. 

Dos  180  municipios  do  Estado  de  SSo  Paulo,  116  estfto  com  suas  s^des,  e  prindpaes 
cidades  e  villas,  providas  de  abasteclmento  de  agna,  com  urn  ciH[>itid,  empregado 
nessas  obras,  de  24,000.*000|000  (1913)  sem  falar  nas  cidades  de  Santos,  Campinas  e 
Sfto  Paulo. 

Todas  as  aguas,  com  raras  excep^Oes,  sfto  prevenimites  de  fontes,  e  conregos  captadoa 
em  cotas  altas,  por  isso  distribuidas  in  natura. 

Raras  sSo  as  instaUa^Oes  para  purifica^  das  aguas  (quando  provenientes  de  rios), 
e,  neste  caso,  consist^n  em  filtros  lentos. 

A  filtray&o,  conforme  o  typo  classico  inglez,  nfto  temoe  em  parte  alguma,  pois  em 
nenhum  logar  utilizam-se  aguas  contaminadas,  e  sim  naturalmente  potaveis. 

Uma  particularidade  das  aguas  distribuidas  nos  varios  abastecimentos  ^  ser  o  ten 
grau  hydrotimetrico  muito  baixo.  Na  capital  do  Estado  esse  grau  hydiotimetrico 
6  deO.6. 

Em  algumas  zonas,  denominadas  terras  roxas,  provenientes  da  deccHnpoeicSo  de 
diabases,  nas  quaes  estas  rochas  existem  ainda  em  grandes  massi^os,  as  aguas  riU> 
fermginosas,  mas  sempre  potaveis. 

"&  de  praxe,  hoje,  submetterem  os  municipios  interessados  ao  exame  da  reparti^fto 
de  aguas  e  esgotos  do  Estado,  que  estd  provida  de  laboratories  de  analyses,  nfto  s6  os 
sens  projectos,  como  as  aguas  escolhidas  para  rapprimento  das  popolagOee,  de  modo 
que  OS  mais  longiquos  municipios,  ficam  assim  habilitados  a  garantir-se  contra  possiveia 
descuidos  ou  erros  na  escolha  das  aguas,  e  suppridos  de  recunos  sdentificos  que  nfto 
Ihes  seria  possivel  crear  para  uso  proprio. 

Taes  precaugdes,  aliAs,  se  repetem  todas  as  vezes  que  se  toma  suspeita  qualquer 
•gua. 

Sendo  quasi  todas  as  aguas  supi»idas  is  populagOes  provenientes  de  foatee  ou  de 
corregos  captados  perto  de  suas  nascentes,  as  intalla^Oes  se  simplificam  extraordinaria- 
mente,  pela  desneceesidade  de  obras  de  purifica^So.  Ellas  consistem,  em  gend,  em 
pequenas  barragens  para  formar  a  bada  de  accumula^fio,  na  canalizagSo  adductora, 
no  reservatorio  de  distribuiy&o,  e  na  canaliza^fto  distribuidora. 

As  obras  nada  apreeentam  de  singular.  As  obras  de  alvenaria  e&o  de  pedra  com 
ftig^jiuMMtt.  de  cal  e  dmento,  e  cimento  armado,  empregado  geralmente  em  reservato- 
rios  e  aqueductos. 
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As  canaliza^des,  para  conduct  for^ada,  s&o  feitas  com  tubos  de  ferro  fundido,  de 
ferro  batido  e  do  systema  Mannesmaim,  com  as  respectivas  pe^as  especiaes,  sendo  de 
procedencia  belga  e  allemii,  na  maior  parte. 

Os  servigos  de  abastecimentx)  de  agua,  eslAo,  na  maioria,  a  cargo  dos  mxinicipioB; 
muitos  sSU)  explorados  por  empresas  particulares. 

A  quantidade  de  agua  distribuida  por  habitante  ^  muito  variavel,  apresentando 
um  minimo  de  60  litros,  e  86be  at6  mais  de  300  litres,  por  24  boras. 

Sendo  de  f ontes  ou  aguas  altas  quasi  todas  as  suppridas  &s  popula^des,  6  excepcional 
a  eleva9lU>  de  aguas  para  distribuiy&o  consecutiva. 

Sobre  as  bacias  de  capta^So  6  exercida  a  necessaria  fiscaliza^SU),  por  meio  de  vigilan- 
cia  constante. 

Com  a  pouca  denddade  de  popular  que  existe,  no  interior  do  Estado,  ndo  6  muito 
difficil  fiscalizar  a  pureza  das  aguas,  e  mantel-as  livres  de  contaminagSo  perigoea. 

Isto,  ali4s,  6  ajudado  no  sentido  da  manuten9So  da  pureza,  por  favoraveis  condi^Oes 
de  auto-purificag&o,  que  os  nossos  corregos  apresentam  em  geral. 

E  como  ^o  ainda  pequenas  as  causas  de  contamina^^U),  por  n3o  baver  grande  desen- 
volvimento  industrial  e  das  populagdes  marginaes,  os  nossos  rios  tambem  apresentam-se 
em  boas  condi95es«de  auto-purificapao,  mesmo  os  que  recebem  esgotos,  como  o  Tiet^, 
cujo  defluvio  em  Sao  Paulo  6  de  15  metros  cubicos  por  segundo,  em  baixa  estiagem. 

BSG0T08. 

0  problema  dos  eqgotos  tem  sido  resolvido,  com  muito  menos  amplitude  do  que  o 
do  abastecimento  de  agua  ^  cidadee. 

Apezar  de  sua  grande  importancia,  no  ponto  de  vista  da  salubridade  publica,  o 
suppiimento  de  agua  tem  sempre  a  preferencia,  por  motives  evidentes. 

0  Estado  de  Sfto  Paulo  possue  54  cidades  e  villas  servidas  de  rMes  de  eagotos,  part 
cujo  estabelecimento  foram  despendidoe  cerca  de  10.000:0001000,  sem  fallar  nas  obras 
da  Capital  e  de  Santos. 

Os  eagotos  da  cidade  de  Santos,  recentemente  concluidos,  custaram  10.000:0001000. 

Quanto  i,  cidade  de  S9o  Paulo,  nSo  ^  possivel  fazer  o  compute,  separadamente,  das 
despesas  realizadas  com  o  abastecimento  de  agua,  e  com  o  estabelecimento  dos  e^tos, 
e  drenagem  de  aguas  pluviaes. 

Englobadamente,  estas  despesas,  andam  por  85.000:0001000,  at6  d  presente  data. 

De  mode  que  podemos  dizer  que  as  obras  de  abastecimento  de  agua  e  esgotos,  reali- 
zadas pelo  Estado,  pelos  municipios,  e  por  emprezas  que  exploram  alguns  desses 
services,  or9am  por  130.000:0001000. 

i^  uma  despesa  jd  bem  consideravel  para  um  Estado,  como  o  de  Sdo  Paulo,  que  tem 
uma  popula^So  ainda  reduzidd,  de  cerca  de  4,000,000  de  habitantes,  disseminada  por 
uma  drea  relativamente  muito  grande  (cerca  de  180,000  kilometros  quadrados). 

Estas  obras,  entretanto,  t^m  sido  estabelecidas  com  bastante  simplicidade,  dadaa 
as  condi^Oee  locaes,  e  a  pouca  densidade  de  poptdapSo. 

Em  quasi  todas  as  localidadea  o  effluente  n^o  soffre  tratamento  algum. 

A  circular  6  feita  por  gravidade,  iato  ^,  pelo  v>aler  carnage  system,  e  nSo  encontra- 
fie  exemplo  do  systema  pneumatico. 

Santos  que  6  a  imica  cidade  maritima  saneada,  extende-se  sobre  uma  diea  conside- 
ravel, e  completamente  plana;  nSo  obstante,  a  circulagSo  do  effluente  6  sempre  i^^ 
por  gravidade,  com  eleva^Oes  districtaes  que  permittem  conduzil-o  a  uma  usina 
central,  de  onde  soffre  uma  eleva^So  final,  que  dd  altura  sufficiente  para  o  langamento 
ao  mar,  a  uma  distancia  de  11  kilometros,  em  um  emissario  de  ferro. 

A  canalizapSo  secundaria  e  domiciliar  ^  sempre  feita  com  manilhas  de  baiio,  is^ 
^,  com  tubos  ceramicoa. 

A  canaliza^  primaria  e  os  emissaries  sSo  ainda  geralmente  de  manilhas,  p^i* 
pequenas  agglomerates,  attingindo  os  diametroe  at^  cerca  de  0.30  metro,  e  \im  poo^o 
mais. 
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D'ahi  para  cima  apparecem  oe  conductores  de  alvenaiia,  como  sejam  de  tijolo  e 
dmento,  de  cimento  moldado  e  annado,  e  tambem  os  de  ferro  fundido,  sendo  que 
este  material  6  o  dos  muitos  emissarioe  de  vaiias  cidades. 

Na  cidade  de  Santos  foram  muito  empregados  collectores  de  concreto,  com  a  meia 
BBcgSo  revestida  de  uma  calha  ceramica. 

Todo  esse  material  se  tern  comportado  satisfaqtoriamente,  sendo  que  relativamente 
ao  cimento  armado  a  experiencia  ainda  nSo  6  sufficiente. 

Em  muitas  iMee  de  e^gotoe  adopta-se  a  lavagem  dos  encanamentos  i>or  meio  das 
deecargas  intermittentes,  dadas  pelos  reservatorios  respectivos,  ou  tanques  de  lavagem 
tanques  fluxiveis,  riservoirade  chasse  (flush-tanks). 

Entretanto,  esta  medida  bSjo  6  tS^  frequente  quanto  devia  ser. 

Os  typos  de  fltLsh-tanks  mais  empi^gados  sSU)  os  do  systema  Brito,  dos  systemas 
Adams  e  Miller,  funccionando  todos  bem. 

Nas  cidades  de  Santos  e  de  S&o  Paulo,  tdm  side  applicados  com  escrupulo  as  regras  e 
ensinamentos  technicos,  em  todo  o  rigor  quanto  ao  tra^ado  das  r^des  e  ia  qualidades  do 
material;  nas  cidades  do  interior,  entretanto,  tern  side  grande  a  tolerancia,  nesse 
sentido,  principalmente  quanto  ao  tra9ado. 

Sendo,  por  via  de  regra,  exiguos  os  recursos  or^amentarios  dos  municipios,  o  problema 
para  essas  pequenas  cidades  fica  sempre  subordinado  a  condipdes  financeiras,  de 
modo  que  6  necessario  tirar  partido,  o  melhor  possivel,  da  topographia  local,  e  em- 
pr^ar-se,  muitas  vezes,  material  de  segunda  ordem. 

Acontece  assim,  por  exemplo,  que  no  trayado  das  canalizag6es  ficam  frequente- 
mente  excedidos  os  limites  de  declividades  normaes,  e  admittidas  tolerancias  de 
occasifto. 

Fassado,  por6m,  o  periodo  que  podemos  chamar  de  actividade  febril,  em  rela^ 
ao  saneamento  das  cidades  paulistas,  de  1895  a  1910,  -todas  as  camatas  municipaes 
tdm  augmentado  suas  precau^Oes  de  ordem  scientifica  e  administrativa,  em  relaySo 
ao  problema  do  saneamento,  no  sentido  de  serem  os  respectivos  projectos  organizados 
com  o  precise  rigor  e  executados  com  material  de  primeira  qualidade. 

O  saneamento  de  Santos,  feito  por  conta  do  Estado,  6  um  specimen  no  genero,  pro- 
ducto  de  solidos  estudos  e  elevada  concep^do  dos  problemas  de  engenharia  sanitaria; 
nfio  deixa  nada  a  desejar,  como  obra  de  engenharia. 

Nas  cidades  do  interior  encontram-se  collectores  secundarios,  con  declividades 
superiores  a  10  por  cento,  o  que  6  anormalissimo,  mas  n§o  obstante,  as  rMes  v&o  se 
mantendo  em  funccionamento. 

As  regras  e  precau90es  que  e&jo  ordinariamente  recommendadas  nesse  sentido, 
n§o  tdm  side,  em  geral,  observadas,  pelos  motives  j&  expostos,  pois  nas  cidades  pequenas 
6  sempre  dominante  a  preoccupa^  de  reduzir  despesas. 

Geralmente  adopta-se  o  diametro  de  4  poUegadas  para  as  ramifica^des  domiciliares, 
e  0  de  6  pollegadas  para  diametro  limite  dos  collectores,  com  material  ceramico. 

O  systema  empregado  na  collecta  dos  e^gotos  6  o  separador  absolute,  mais  frequente- 
mente,  e  is  vezes  o  separador  parcial. 

Nfto  ha,  em  todo  o  Estado  de  S^  Paulo,  exemplo  de  emprego  do  systema  unitario, 
na  accepgfto  normal  desta  express&o. 

S6mente  na  Capital  verifica-se,  em  algumas  bacias  urbanas,  o  lanpamento  das  aguas 
das  chuvas  em  alguns  collectores,  com  pessimos  resultados,  e  grande  perigo  para  as 
candizaydee.  Mas  a  administrayHo  publica  j&  estd  providenciando  para  a  construc^SU) 
de  galerias  destinada  s6mente  ia  aguas  pluviaes. 

O  systema  unitario  teri  assim  a  sua  condemnagfto  pelas  avultadas  despesas  que 
acarreta,  em  vista  das  grandes  dimensDee,  que  seria  precise  dar  &b  canaUzapGes^ 
exigidas  pelas  chuvas  torrenciaes,  frequentes  no  verfto,  e  que  alcan^am  6b  vezes  0.50 
metro. 

No  regimen  de  apertadas  economias  que  tdm  exigido  as  nossas  obras  de  saneamento, 
as  quaes  j&mais  se  teriam  extendido  a  tantas  cidades  e  villas,  si  fossem  estabelecidas 
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no  regimen  de  prodigalidade,  o  syetemA  uniUurio  lot  deede  logo  banido,  eobretudo  paim 
aquellas  locaUdadee  em  que  o  effluento  6  submettido  a  tzatamento. 

£m  relaySo  ao  deetino  doe  e^gotos  (tewage  dupo9al)  faz^e,  em  geral,  o  lapgamento 
em  corregos  ou  rios,  do  efflu^ite  in  natwa. 

Entretanto,  em  muitas  localidadee  em  que,  por  aer  diminuto  o  volume  dot  fstamm 
d'agua,  se  f av  o  langameuto,  tonumnBe  piovavel  a  contamina^So  deatas,  tendo  aido 
adoptado  o  tratamento. 

i  predao,  aliis,  reconhecer-ee  que,  ueste  pouto,  tem  bavido  graadte  abuioa,  sendo 
nulla  a  intervencdo  doe  poderes  publixxw,  em  materias  de  aguas  correntes,  e  as  pi<^ 
cau^dee  tomadas  em  materia  de  tratamoito  de  eflgotOB,  tem  aido  maia  uma  queatio  de 
consciencia,  do  que  de  protect  legal  dos  cuieoa  d'agua. 

O  tratamento  doa  eegotoa,  no  Eatado  de  SSo  Paulo  obedece  apenaa  a  doua  ayHtemaw; 
O  physico-cbimico,  e  o  biologico. 

De  tratamento  pbysico-cbimioo,  a6  tivemos  ali^  uma  unica  inwtallftcao,  em  Gam- 
pinaa,  deatinada  entfto  a  tratar  apenaa  uma  parte  do  effluoite,  o  proveniente  da  p«ita 
antiga  da  cidade,  que  primeiro  foi  aervida  de  eegotoe. 

Ella  estd  boje  abandonada. 

O  tratamento  applicado  em  outroa  pontoa  do  Eatado  6  o  Biolpgioo,  ora  pelo  ayvtema 
Dibdin,  iato  6,  peloa  filtroa  de  contacto,  ora  peloa  filtroa  percoladorea,  de  accede  can 
aa  ezperiendaa  do  Dr.  Galmette. 

O  emprego  doe  filtroa,  estd  sendo  f eito  em  Sfto  Paulo  ba  muito  pouco  tempo,  confenne 
o  aeu  recente  deeoobrimento,  e  ainda  tem  muito  poucaa  inataUa^aea. 

Do  syatema  Dibdin,  aU4i,  b6  ba  uma  InatallaQ&o,  na  cidade  do  Bio  Glaro;  doe  filtroa 
percoladoree  temoa  como  installac&o  digna  de  aer  mencionada  a  de  Campinaa. 

J^vimoa  que  a  ddade  de  Santoa,  que^aaegundadoEatadOjlanpaoa^iefllueiUeno 
mar  a  11  kilometroe,  aem  tratamento. 

Sao  Paulo,  com  cerca  de  450,000 babitantea,  doa  quaea  maia  ou  menoa  novedecimoa 
goeam  do  beneficio  do  aervigo  de  esgotoe,  de^eja  no  rio  Tiet^,  cerca  de  60,000,000 
de  litroa,  em  24  hona,  por  7  emiaaanoa,  diatribuidoa  em  cerca  de  3  kilometioa,  6  na 
margem  eaquerda,  e  um  pequeno  &  direita. 

Sendo  o  defluvio  do  rio  Tiet^,  naa  eatiagena  ordinariaa  de  18,000  litroa  por  aegundo, 
na  secgiU)  do  rio  onde  se  f  az  o  deapejo,  segue-ae  que  o  volume  do  effluente  eat&  x>aia  o 
volume  do  rio,  como  1  para  30,  approximadamente. 

AMa  0  rio  recebe,  no  proprio  trecbo  daa  deecargaa,  cerca  de  1.35  metroa,  e,  maia 
abaixo  um  pouco,  cerca  de  4.30  metroa  por  segundo,  em  minima  eatiagem,  de  aguaa  de 
affluentes,  o  que  eleva  aquella  propor^ik)  a  cerca  de  1  para  35. 

Yerifica-ae,  portanto,  de  accdrdo  com  aa  ob8erva95e8  da  River  Pollution  Commiaaion. 
de  1854,  que  o  volume  do  effluente,  nSo  ^  capaz  de  produzir  putrefac^So  nas  aguaa  do 
rio  Tiet6,  deede  que  n&o  fiquem  retidaa  nos  remanaoa. 

£  justamente  o  que  ae  nota  no  case  deste  rio,  naa  localidadea  a  juaante,  onde  nAo  ae 
manifesta  signal  algum  de  pollui^^  a^ria  daa  aguaa. 

A  installa^fto  levada  a  effeito  para  o  tratamento  phyaico-cbimico  do  effluente  doi 
eflgotoe,  em  Campinaa  boje  abandonada,  foi  talvez  a  primeira  que  ae  fez  no  Braail,  e 
conta  cerca  de  24  annoe. 

Nesaa  ^poca,  como  ae  sabe,  o  tratamento  biologico  acbava-ae  na  sua  primeira  pbaae, 
e  no  nosao  paiz,  parece,  ainda  ninguem  o  applicaria  poia  faltava-lbe  a  conaagra^fto  da 
pratica  (1891). 

O  tratamento  pbyaico-cbimico,  empregado  em  Campinaa,  conaiatia  no  aeguinte:  o 
effluente  era  depositado  em  tanquea  de  decanta^,  recebendo  na  sua  paesagem,  agua 
de  cal  ao  entrar  nelles. 

Depoia  de  algumaa  boraa  de  decanta^fto  e^tava-ee  o  liquido,  e  oa  reaiduoa  eram 
retirados  para  alguna  terreiroa  em  terrene  permeavel,  onde  filtrava-ae  o  reato  do 
liquido,  e  aa  materias  seccaa  eram  removidaa  em  aeguida. 
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Tentou-ae  a  prindpio  empr^gar  estaa,  como  aduboe,  mas  poz-se  logo  de  lado  a  id^ 
por  B&o  dar  compeoBa^ao. 

A  depuraglU)  era  imperfeita.  Actualmente,  todo  o  effluente  doe  e^tos  de  Cam- 
pinas, proveniente  de  cerca  de  5,000  casas  ligadas  a  rdde  de  encanamentos,  Boffre  o 
tratamento  biologico,  em  filtroe  percoladores,  estabelecidoe  segundo  as  experiencias 
do  Professor  Calmette,  de  Lille,  em  Franca. 

A  installa^&o  compde-ee  assim  de:  uma  caixa  de  areia,  onde  6  recebido  o  effluente, 
de  tanques  septicos,  e  de  filtroe  perccdadoree,  com  sens  tanquee  e  syphdee  de  descaigaa 
intermittentee. 

Os  leitos  percoladores  s^  feitos  com  pedra  britada,  aigila  cosida  e  seixos  rolados, 
com  tubagem. 

Foram  inaugurados  recentemente,  e  ainda  n^o  provaram  a  sua  efficiencia  cabal- 
mente,  mas  as  diversas  analyses  feitas  revelam  que  a  depura^fio  6  bda,  pois  que  n9o  ha 
nitrites  no  effluente  depois  de  filtrado. 

Em  algumas  outras  cidades  do  Estado  tern  se  feito  mais  modestas  installagOes  para 
tratamento  dos  e^gotos,  parcialmente  apenas,  como  em  ItapetLninga  e  em  S&o  Manoel 
do  Paraiso. 

Nestas  cidades,  o  effluente  passa  apenas  pelo  tanque  septico,  do  qual,  sahindo 
liquefeito,  6  lan^ado  em  corregos. 

Tratando-se  de  cidadee  pequenas  cujo  effluente  nSo  alcanna  mais  de  6  litroe  por 
segundo,  o  volume  dos  corregos,  em  que  6  langado,  fomece  o  oxigenio  bastante  para 
impedir  qualquer  putrefac?^,  attendendo  &  desaggr^iagfto  completa  do  azoto,  operada 
no  septico  e  d  grande  diluip^  que  se  produz. 

Temos,  pois,  no  Estado  de  S&o  Paulo,  ensaiado  a  applica^  dos  processes  de  depur- 
a9^  de  esgotoe,  de  accordo  com  os  ensinamentoe  fomecidos  pela  expeitencia  do  V«Uio 
Mundo,  e  temos  obtido  os  meemos  resultados  que  U. 

Da  exposigtU)  que  acabamos  de  fazer,  pode-ae  firmar  as  Beguint,es  condusOes,  em 
materia  de  abastecimento  de  agua  e  e^tos: 

1.  As  aguas  de  fontes  ou  as  aguas  correntee,  captadas  em  cotae  altas,  quando  as 
respectivas  bacias  n&o  s^  habitadae  e  conservam-se  bem  protegidas  de  qualquer 
contaminag&o,  e&o  potaveis. 

2.  Sfto  sempre  perigoeas,  e  em  geral  contaminadae,  as  aguas  captadas  no  sub-flolo, 
quando  eete  u&o  6  saneado,  e  contem  fossas  sanitarias,  ou  cloacas. 

3.  As  aguas  correntes,  que  atraveesam  regif^es  habitadas,  sSo  sempre  susceptiveiB 
de  contaminagSo,  e  em  geral  contaminadas,  em  maior  ou  menor  escala. 

4.  A  filtraglU)  lenta  6  um  processo  efficaz  de  porifica^. 

5.  Os  grandes  curaoe  d'agua,  cujo  volume  contem  mais  de  trinta  vexee  o  do  efflttente 
dos  e^gotos,  offerecem  garantlas  mais  segurae  de  imputreecibiUdade  deste;  si  o  efflu- 
ente antes  de  langado  na  corrente  ^  submettido  ao  trabalho  de  transforma^fto  do 
septico,  pela  sua  completa  liquefagSo,  estas  garantias  ^U>  muito  maiores  ainda. 

6.  A  depuragfto  6  efficaz  pela  filtra^So  em  leitos  percoladoree,  ou  em  leitos  de  con- 
tacto,  systema  Dibdin,  sendo  que  nestes  o  segundo  contacto  ^,  em  g&nl,  indispensavel. 

7.  O  lanpamento  dos  eigotos  noe  cursoe  d'agua,  sem  tratamento  pr6vio,  deve  ser 
absolutamente  prohibido. 

The  Chairman.  Is  there  anyone  who  wishes  to  discuss  this  paper, 
or  a  similar  subject  with  respect  to  South  America  or  Central  American 
countries  ? 

Mr.  Hering.  Mr.  Chairman,  I  was  one  of  the  engineers  employed 
by  the  city  of  Santos  to  provide  them  with  a  scheme  of  sanitation, 
referring  to  a  new  water  supply,  sewerage,  paving,  refuse  disposal, 
acnd  a  new  design  for  city  dwellings;  in  other  words,  a  complete  recon- 
•ideration  of  the  works  of  sanitation  for  that  city.  This  was  about 
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23  or  24  years  ago.    Prof.  Fuertes  of  Cornell  University  was 
dated  with  me  in  this  work.  * 

This  was  an  exceedingly  interesting  work.  The  people  had  been 
decimated  by  yellow  fever.  It  had  the  worst — ^the  highest — death 
rate  of  yellow  fever  that  has  ever  been  recorded.  It  was  not  known  at 
that  time  that  yellow  fever  was  conveyed  by  means  of  the  stego- 
myia  mosquito.  We  had  then  no  information  other  than  what  we 
knew  up  to  about  a  quarter  of  a  century  ago,  and  our  endeavor  was 
chiefly  to  dean  up  the  dty.  The  water  supply  was  not  good.  We 
advised  a  better  source  and  a  more  complete  distribution  system 
and  increased  use  of  water.  They  had  no  sewers  at  all.  We  recom- 
mended the  double  or  separate  system,  with  a  discharge  of  the  sewage 
into  the  ocean.  We  recommended  new  pavements,  impervious  and 
smooth,  as  far  as  practicable.  We  recommended  a  change  also  in  their 
method  of  housing,  by  suggesting  to  build  their  houses  on  a  plan  which 
would  suit  their  habits  and  thesouthem  conditions,  but  at  thesame  time 
give  them  better  opportunities  for  light  and  ventilation.  They  lived 
practically  on  the  ground  floor,  and  many  of  their  rooms  had  abso- 
lutdy  ndther  light  nor  fresh  air.  We  suggested  and  planned  that 
every  room  would  have  light  and  an  opportunity  for  access  and  cir- 
culation of  air.  We  advised  them  reguding  the  refuse  disposal  what 
we  would  do  to-day.  We  also  recommended  a  proper  system  of 
quarantine  which,  of  course,  a  very  few  years  after  that  would  have 
become  unnecessary,  owing  to  the  discovery  of  the  st^;omya  mosquito 
causing  yellow  fever.  Whether  the  quarantine  works  were  built  or 
not,  I  do  not  know. 

Santos  was  one  of  the  first  dties  in  the  world  to  ask  for  the  modem 
method  of  deaning  up  a  dty,  in  all  of  its  physical  aspects.  Tlie 
report  was  very  fuU,  illustrating  as  well  as  describing  with  specifica- 
tions the  whole  plan,  which  was  adapted  to  the  local  conditions, 
local  customs  and  local  ways  of  doing  things  in  that  country. 

The  Chaibman.  Are  there  any  further  remarks  with  reference  to 
this  paper  t  If  not,  we  will  pass  to  the  paper  on  sanitary  engineering 
by  Sefior  Carlos  de  Narvaez,  which  has  been  gotten  up  with  exceeding 
care,  and  looks  extremdy  interesting.  As  the  author  of  this  paper 
is  not  present,  I  shall  ask  Dr.  Bartow  to  be  good  enough  to  read  an 
abstract  of  Sefior  de  Narvaez's  paper. 


INGENIERIA  SANITARIA. 

SANBAMIENTO  DB  LA  CIUDAD  DB  DOGOTI. 

Por  CARLOS  DE  NARVAEZ  Q., 
Ex-Prof esor  de  la  Etcuda  MUUar  ds  ColomhicL 

"Fftrtiendo  del  priiicipio  indiscutible  de  que  la  paz  eo  el  factor  m^  podefoso  del 
progreso,  despu^s  de  ella  estd  la  salud  de  loe  puebloe,  loe  que  aobnBaleii  y  vmlea  np 
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tanto  por  sub  liquezas  cuanto  por  el  ntkmero,  la  inteligencia  y  laborioeidad  de  sus 
gentes  en  pleiio  vig(»;  mucho  noe  importa  atender,  deaarroUar  e  impulsar  la  ingenierfa 
sanitaria,  a  fin  de  peraeguir  sin  tregua  las  enfermedades  infeccioeas  y  sanear  el  terri- 
toiio  nadonal,  es  decir,  establecer  los  correspondientes  servicios  en  nuestros  puertoe, 
en  nuestras  nacientes  industrias  de  comumcaci6n,  explotacidn  de  minas,  etc.,  asf 
como  la  Idgica  ampliaci6n  de  nuestras  ciudades,  en  las  cuales  es  indispensable  una 
atenci6n  permanente  en  los  variados  servicios  munidpales,  en  no  menor  grade  que  en 
los  departamentales  y  nadonales,  para  que  en  su  conjunto  vengan  a  formar  con  todos 
80S  preciosoe  elementoe,  la  gran  obra  del  sdlido  Saneamiento  de  la  Reptiblica.'* 

P>i90i]no  de  ExposioUSn  del  ftesldeiite  de  1a  Sodedad  Colombiftna  de  Lageiileros  Sefior  Doctor  Don 
•  JHOdato  SAiiohec,8obre  mcjoras  nBctomUen  que  debea  emprendene,  pronanolado  en  la  sesidn  sotemne  de 
la  Sodedad  el  dia  29  de  mayo  de  1015.] 

/ntnxfuocidn.— Es  un  hecho  evidente  que  la  dudad  es  el  centro  donde  se  ejercen 
todas  las  actividadee  del  hombre  modemo;  donde  crece;  se  educa  vive  y  tabaja 
para  su  subeistencia;  donde  la  aglomerad6n  de  gente  lleva  por  consecuencia  la 
dificultad  de  obtener  agua  para  sus  diferentes  necesidades  en  buenas  condidonee 
y  en  cantidad  sufidente;  aire  puro  y  buena  ventiladdn;  asf  como  la  de  habitar  locales 
aanqs  y  amplios  que  rednan  todas  las  condidones  de  higiene  modema  y  que  den 
garantfas  y  aseguren  el  buen  desarndlo  y  estado  sano  de  las  pobladones;  y  siendo  una 
de  las  caracterfsticas  de  la  dudad  de  Bogotd  en  estos  tiltimos  afios,  la  escasez  de  aguas; 
la  invasidn  peri6dica  de  algunas  epidemias,  asf  como  una  marcada  tendenda  a  la 
expansidn  y  a  la  constirucd6n  de  nuevas  casas  en  todos  los  barrios,  toca  a  las  actuates 
Administraciones  Pdblicas  y  Concejos  Munidpales  consultar  los  problemas  que  nft- 
tnralmente  resultan  y  que  dfa  por  dfa  se  hacen  mds  diff dies  de  resolver  para  encauzar 
y  Uevar  a  buen  fin  este  movimiento  de  progreso. 

La  mayor  parte  de  estos  problemas  y  tambi^n  los  m^  imi>ortantes  son  los  que  se 
reladonan  con  la  higiene,  el  saneamiento  de  la  poblad6n  y  la  exturpad6n  de  esas 
epidemlas  que  peri6dicamente  y  con  r^ularidad  matem&tica  azotan  a  la  poblad6n 
en  los  meses  de  verano,  ^i>oca  de  mayor  escasez  dd  agua,  como  la  fiebre  tifoidea  e 
inf ecdones  gastro-intestinales  las  cuales  aumentan  el  coefidente  de  mortalidad  anual 
de  una  manera  alarmante. 

Al  medico  corresponde  la  noble  tarea  de  luchar  contra  estas  enfermedades  y  epi- 
demias  atac^dolas  directamente;  al  ingeniero  corresponde  la  no  menoe  noble  de 
lucbar  contra  ^llas  indirectamente  en  d  campo  de  la  modema  dencia,  cuyo  dominio 
no  corresponde  al  m^ico,  y  que  es  la  ingenierfa  sanitaria. 

Esfuenas  de  todas  las  Nadones  par  el  saneamiento  de  las  poblaeiones. — ^Toda  persona 
interesada  en  los  addantos  modemos  y  que  haya  procurado  seguir  el  deearrollo  de 
las  dencias  en  los  pueblos,  liabr&  observado  el  empefio  que  en  todas  las  nadones  se 
despierta  por  la  higiene  de  las  pobladones,  los  esfuerzos  que  se  hacen  aun  con  cos- 
tos  enormes  para  obtener  abundanda  de  buenas  aguas,  formad6n  de  boeques  que  al 
mismo  tiempo  que  conservan  y  aumentan  los  caudales  de  estas  aguas  purifican  el  aire 
gastado  por  las  aglomeradones  de  gente,  el  saneamiento  de  los  barrios  de  construcci6n 
antigua,  asf  como  los  estudios  que  contfnuamente  se  oiganizan  para  vigilar  el  desar- 
roUo  y  expansi6n  de  las  dudades,  la  construcd6n  de  barrios  nuevos,  los  medios  de 
consultar  lo  m^  posible  ante  todo  la  higiene,  luego  la  comodidad  y  la  est^tica. 

La  experienda  adquirida  a  la  sombra  del  progreso  general  de  la  civilizaci6n,  asf 
como  las  soludones  de  las  necesidades  de  unas  dudades  aplicadas  a  otras,  si  no  exacta- 
mente,  adapt&ndolas  a  las  neceddades  locales,  no  ban  sido  suficientes  y  de  esa  necesL 
dad  ban  venido  las  reuniones  de  todas  aqueUas  personas  interesadas  en  este  asunto 
por  medio  de  la  reum6n  de  Congresos  Cientfficos  cuyas  labores  ban  sido  tan  fecundas. 
Para  no  ir  lejos  en  distanda  y  en  tiempo  b^Lstenos  recordar  solamente  la  Exhibici6n 
Nadonal  de  Pianos  de  Ciudad  que  se  llev6  a  cabo  con  un  ^xito  brillante  en  Santiago 
de  Chile,  hace  10  meses,  y  a  la  cual  concurrieron  mds  de  15,000  personas  compuestas 
prindpalmente  de  los  dementos  mia  cultos  del  pafs,  a  saber,  fundonarios  ptiblicos. 
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ingenieros,  arquitectos,  artdstas,  hombree  de  negocioe  y  propietarioe  etc.,  y  cuya  coo- 
eecuencia  fu^  la  conyocaci6n  del  proximo  Congreso  de  Sanidad  Nadonal  de  San- 
tiago, el  cual  se  prepara  actualmente,  de  manera  cuidadoea,  con  la  colaboracidn  d^ 
Instituto  de  Ingenieros  y  de  la  Sociedad  Central  de  Arquitectos.  Santiago,  para  no 
nombrar  ciudades  europeas,  nos  da  el  ejemplo,  y  con  loe  trabajos  de  la  citada  exM- 
bici6n  y  loe  trabajoe  presentados  en  el  pr6ximo  congreso  se  proponen  recoger  ideas  y 
detalles  que  satisfagan  mejor  a  las  neceeidades  de  la  ciudad  cuya  tzansformacifo 
cientffica  preparan. 

No  hace  mucho  tiempo,  para  la  Expoflici6n  universal  de  la  ciudad  de  Gante  en 
B^lgica,  celebrada  en  1913,  tuvo  lugar  la  reuni6n  del  Primer  Congreso  IntemacioDal 
y  Exposici6n  comparada  de  ciudades,  uno  de  los  acontecimientos  m^  grandioeoe  de- 
la  gran  exposici6n  y  mds  interesantes  para  la  ingenierfa  sanitaria  y  urbana;  en  electo, 
veinte  naciones  diferentes  tomaron  parte  en  el  Congreso,  de  laa  cuales  162  ciudades 
enviaron  sus  representantes  y  50  sociedades  cientificas  sus  del^^ados,  formando  asf  un 
total  de  422  miembros!  A  este  congreso  fu6  honrosamente  invitada  la  ciudad  de 
Bogotd  y  fu^  representada  por  un  ingeniero. 

Del  estudio  de  los  trabajos  presentados  a  este  importante  Congreso  se  obeerva  lo  an- 
teriormente  dicho  sobre  el  interns  que  se  presta  a  todo  lo  relacionado  con  el  desairoUo 
de  las  ciudades,  de  acuerdo  con  la  higiene,  en  todas  partes  del  mundo.  Y  no  hay  que 
creer  que  eete  interne  s61o  se  manifiesta  en  las  grandes  poblaciones;  tambi6n  en  las 
pequefias  y  en  las  antiguas  buscan  la  mantra  de  que  su  expansi6n  consulte  la  higiene, 
la  comodidad  y  belleza  en  todas  sus  formas,  sin  olvidar  siquiera  el  interns  de  loe  tuiis- 
tas  y  viajeros.  Se  estudian  los  sistemas  de  corregir  cualquier  defecto  de  sus  acueductos, 
la  mejor  manera  y  la  m&s  rdpida  de  librar  a  las  ciudades  de  sus  aguas  sucias  y  de  bus 
basuras;  la  apertura  de  nuevas  calles;  la  ampliaci6n  de  las  angostaa  o  defectuosBs 
donde  son  mis  frecuentee  las  aglomeraciones  de  gente;  las  llneas  de  tranvk  que  m&s 
conviene  explotar  para  descongestionar  ciertos  barrios  y  lugares  demasiado  poblados; 
los  pianos  de  las  casas  que  se  van  a  construir  examinando  detenidamente  su  ventila- 
ci6n,  su  claridad,  su  orientaci6n  con  relaci6n  a  los  rayos  solares  de  donde  tanto  depende 
el  estado  sano  de  las  alcobas;  la  buena  y  racional  disposiddn  de  las  alcantarillas  y 
desagOes,  etc.;  los  sitios  mia  apropiados  para  fuentes  pdblicas,  excusadoe,  orinalee, 
reservados  de  *^ toilette,''  plazas,  mercados,  hospitales,  hospidlos,  escuelas,  bafios 
pdblicoe,  parques,  arboledas,  paseos,  barrios  obreros,  barrios  de  depcnte,  lavaderos 
pdblicos,  etc.,  etc.,  sin  perder  de  vista  la  protecci6n  de  los  edifidos  antiguos  de  alg^in 
interns  hi8t6rico  y  caracterfstico  de  ^pocas  pasadas,  asf  como  el  cuidado  de  los  campos 
que  rodean  las  pobladones,  conservando  su  belleza  natural  y  aument&ndola  con  la 
nembra  de  Wholes  y  flores.  Muy  derta  es  aquella  frase  de  que  ''  aalubridad  y  omato, 
higiene  y  embelledmiento  son,  trat&ndose  de  una  dudad,  palabras  sindnimas." 

Ojeada  9ohre  d  desarrollo  ds  Bogotd, — ^Bogotd  va  entrando  hoy  dla  por  un  camino  de 
adelanto  material  sorprendente  que  debe  preocupar  a  las  autoridades  competentes  y 
velar  por  su  dentlfico  desarrollo  ea  todo  sentido  muy  especialmente  lo  que  se  rebh 
dona  con  la  higiene.  Estd  llamada  a  ser  una  de  las  mds  bellas  dudades  por  su  poBid6fi 
al  pie  de  loe  cerros  de  Monserrate  y  Guadalupe;  sus  apartados  barrios  de  Chapineio 
y  San  Crist6bal  ya  bastante  habitados  y  unido  el  primero  al  centre  de  la  pobladdn 
por  un  magnffico  servido  de  tranvia  el^ctrico,  son,  se  puede  decir,  los  doe  braaos 
abiertos  de  la  dudad  dispuestos  a  redbir  todo  progreso  y  adelanto  y  que  invitan  a  la 
expansi6n  de  la  poblad6n.  El  Paseo  Bolfvar  construido  en  su  mayor  parte,  que 
arranca  del  Bosque  de  la  Independencia  por  entre  los  pabellones  de  la  antigua  expo- 
8id6n,  faldea  el  cerro  de  Monserrate,  atraviesa  el  boquerdn  en  el  tiadidonal  ChoRO 
de  Padilla  y  faldea  luego  el  cerro  de  Guadalupe  para  llegar  a  Egipto,  teniendo  a  un 
lado  empinadoe  montee  y  por  el  otro  dominando  a  la  pobladdn  y  a  una  parte  de  la 
Sabana  vendri  a  ser  una  via  de  dntura  de  excepdonal  beUeza  y  sea  ^sta  la  ocaaida 
de  hacer  notar  el  error  que  se  comete  con  la  b^bara  quema  de  los  montee,  de  los  cenoe, 
id  como  la  f  ormad6n  de  canteras  y  rodaderos  que  tienen  por  prindpal  defecto  oon- 
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tribuir  a  eecasear  el  agua  que  nace  en  las  cafiadafl  de  estoe  cenroe,  de  la  cual  tiene  tanta 
necesidad  la  i>oblaci6n,  y  a  dejar  paichee  blancoe  y  negros  antieet^ticoB  donde  s61o 
debiera  reinar  un  verde  igual  de  monte  o  arboledas. 

La  capital  de  la  Repdblica  progreea.  Bogotd,  que  en  1835  contaba  al  rededor  de 
35,000  habitantes,  cuenta  hoy  140,000;  en  medio  siglo  ha  cuadruplicado  su  poblaci6n. 
£n  el  afio  citado  tenia  la  dudad  2,720  casas;  este  ntimero  alcanza  hoy  a  9,000,  de  las 
cuales  233  fueron  construidas  en  1014.  Ha  seguido  el  f en6meno  observado  en  muchas 
poblaciones  y  su  expansion  sur-norte,  sobre  la  carretera  central,  alcanza  hoy  7  kil6- 
metroe,  mientras  que  de  <»iente  a  ocddente  su  extensi6n  es  de  algo  m^  de  tres.  £n 
1867  existian  8  escuelas  pdblicas;  hoy  el  munidpio  coetea  54  y  un  taller  de  artes  y 
labores  manuaies  paia  seiLoritas,  ^sto  sin  con  tar  las  escuelas  y  colegios  particulares  entre 
loe  cuales  pueden  mendonarse  la  Escuela  de  Ofidos  Dom^ticos  paia  mujeres,  dirigida 
por  las  Hermanas  Dominicanas;  el  Taller  de  Artes  y  Ofidos,  dirigido  por  los  Padres 
Salesianos;  la  Escuela  Nadonal  de  Artes  y  Ofidos,  dirigida  por  los  Hermanos  Cristianos 
y  el  Taller  Nacional  de  Tejidos,  por  las  Hermanas  de  la  Caridad,  etc. 

£1  servido  de  vigilancia  era  prestado  de  manera  irregular  y  s61o  durante  la  noche  por 
un  cuerpo  de  voluntaries  llamados  "serenes, ''  constante  de  20  unidades;  hoy  lo  es  por 
800  agentes  que  se  tuman  en  las  24  horas  del  dla.  £1  ndmero  de  coches,  en  su  mayor 
parte  de  propiedad  particular,  no  alcanzaba  a  media  docena;  hoy  se  hallan  registrados 
en  la  inspecd6n  de  tr&fico  180  camiajes  y  58  autom<5viles.  Veintidnco  reverberos  de 
petr61eo  constitulan  el  alumbrado  de  la  dudad;  el  munidpio  costea  actualmente 
1,936  Idmparas  el^tricas  de  25  bujias  y  50  de  75,  con  costo  anual  de  1250.  Las 
basuras  domiciliarias  eran  arrojadas  por  cuenta  de  los  vecinos,  bien  al  cauce  de  los  rfos 
o  a  los  ''cafios"  que  al  aire  libre  corrian  por  la  mitad  de  las  calles;  hoy  estos  cafLos  han 
ddo  sustituldos  en  su  mayor  parte  por  alcantarillas  y  el  servido  munidpal  de  aseo 
cuenta  con  60  carros  que  la  recogen  a  domicilio  y  con  un  personal  de  200  barrenderos 
de  calles;  esto  sin  contar  con  un  adecuado  personal  en  los  respectivos  talleres  de 
herreria,  carpinteria,  talabarterfa,  cuyo  costo  es  de  1530.82. 

Ni  un  jardin  pdbUco  entonces;  hoy  tenemos  7  parques;  ni  un  teatro;  hoy  podemos 
distraemos  en  6,  a  los  cuales  asiste  una  buena  parte  de  la  poblad6n,  dando  por  las 
noches  a  la  Avenida  de  la  Repdblica,  a  las  horas  de  salida  de  los  teatros,  una  animacidn 
de  tranvlas,  coches,  automdviles,  y  gente  de  a  pie  que  hacen  recordar  el  movimiento 
de  algunas  dudades  europeas.  Un  solo  monumento  hab(a,  es  derto  que  una  obra  de 
arte:  la  estatua  de  Bolivar  por  Tenerani;  hoy  18  estatuas  y  bustos  adoman  plazas, 
parques  y  jardines.  ^ 

Antes  caredan  de  servido  urbane  de  tranvlas,  hoy  contamos  con  cerca  de  17  kil6- 
metros  de  tranvla  de  los  cuales  aproximadamente  13  son  de  traccidn  el6ctrica  y  cuyo 
coeficiente  de  movilizaddn  alcanza  a  ser  una  vez  la  totalidad  de  poblaci6n  por  semana. 

Las ' '  pilas '  *  y  chorros  coloniales  se  cambiaron  por  el  acueducto  actual,  que  si  entonces 
prestd  servido  sufidente  y  sirvi6  para  sustituir  en  parte  el  aistema  de  acarreo  del  agua 
a  domicilio,  despu^s  de  30  afios  de  servicio  sin  casi  ninguna  mejora  ni  modificaddn 
apredable  en  sus  tanques,  tomas  de  agua,  tuberlas,  etc..  no  es  posible  que  satisfaga  a 
las  necesidades  actuales  de  la  dudad,  como  veremos  mis  adelante. 

Las  calles  eran  en  su  mayor  parte  sin  pavimentaddn  alguna,  llamadas  "  camellones" 
y  s61o  las  prindpales  tenlan  adoquines  de  piedra  o  simplemente  empedrados;  hoy  dla 
cuenta  la  dudad  con  cerca  de  20,000  metres  cuadrados  de  calles  asfaltadas,  tipo  de 
pavimento  que,  como  en  otro  estudio  vimos,^  es  de  los  m&s  convenientes  por  lo  higi6ni- 
cos,  fdciles  en  su  limpieza  y  cxmstrucddn,  produciendo  el  menor  esfuerzo  de  tracci6n  y 
desgaste  en  el  material  rodante.  £s  pues  un  hecho  demostrado  que  la  ciudad  progresa 
rdpidamente. 

ImpuUo  dado  al  desarrollo  de  la  Higiene  en  la  poblacidn  y  al  aaneamiento  de  la  ciudad. — 
i  Y  este  progreso  en  todo  sentido,  que  acabamos  de  ver,  este  aumento  de  la  poblad6n, 
corresponden  con  el  desarrollo  que  se  les  ha  dado  al  servicio  de  higiene  de  la  poplad6n 

1  Datos  tornados  en  su  mayor  parte  de  Revista  Moderna.       >  Revista  de  Matem&ticas  e  Ingenierf a. 
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y  al  saneamiento  de  la  ciudad?.  ^Es  propordonal  la  atenci6n  que  ae  les  ha  jnestado  a 
estoB  servicios  en  relaci6ii  con  el  natural  aumento  de  las  llamadas  calamidades  pdblicas 
debidas  al  crecimiento  de  la  poblaci6n? 

Desgradadamente  no  ha  sido  asf;  el  desarrollo  de  la  higiene  ptiblica  y  el  waneamlento 
de  la  ciudad  ban  eido  los  ramos  mis  descuidados  de  todos  los  servicios  municipalefl  y 
el  porcentaje  de  mortalidad  anual  aumenta  alio  por  afto,  espedalmente  entre  la  dase 
pobre,  m^  afectada  por  el  descuido  bigi^nico  que  las  dem^  clases  sodales,  de  ana 
manera  que  no  eaU  en  relaci6n  con  el  aumento  de  la  poblaci6n  y  el  desarrollo  de  la 
ciudad,  alcanzando  el  enorme  porcentaje  del  28.59  por  1,000  habitantes  en  1912,  cuando 
en  otras  cludades  como  Nueva  York  fu4  s6lamente  del  16.5  por  1,000  y  en  Londres  d^ 
13.8. 

Mortalidad. — Damos  a  continuaci6n  una  estadistica  de  la  mortalidad  de  Bogoti,' 
en  donde  se  podr&  apredar,  entre  otras  cosas,  lo  siguiente:  (1).  El  enorme  porcentaje 
de  mortalidad  total  de  la  poblad6n  ha  alcanzado  :  32.35  por  1,000  habitantes,  compu- 
tando  135,000  habitantes  en  1914;  (2)  el  deplorable  porcentaje  de  naddoe  muertos  ha 
alcanzado  :  7.40  por  ciento  de  los  nacimientos  de  1914.  (3)  el  escaso  porcentaje  que  cor- 
responde  al  dato  ofidal  estadfstico  del  aumento  de  la  poblad6n,  por  nacimientos, :  11.27 
por  ciento  de  los  nacimientos  en  1913 — ^275  de  diferenda  en  contra  de  la  poblaci6ii 
en  1914;  (4)  el  aumento  de  enfermos  redbidos  por  los  hospitales  :  11,129  padentes  en 
1914  con  un  aumento  de  7.90  por  dento  sobre  el  afio  anterior  y,  finalmente  (5)  y  mis 
importante,  el  alarmante  aumento  de  las  defundones  por  tuberculoaiB,  y  el  porcentaje 
alcanzado  :  11  por  dento  de  las  defundones  de  1913,  lo  que  corresponde  a  un  aumento 
de  12.45  por  dento  sobre  las  defundones,  por  la  misma  causa,  en  el  afio  antmor.  El 
porcentaje  alcanzado  es  del  26.38  por  10,000  habitantes. 

ESTADfSTICA  DE  LA  MORTALIDAD. 

Hubo  3,574  nacimientos  en  1912  y  3,209  defundones,  de  las  cuales  237  naderon 
muertos,  o  sea  el  6.63  por  dento  de  los  nacimientos,  diferenda,  365,  que  corresponde 
al  aumento  de  la  poblaci6n  y  que  equivale  al  10.21  por  dento  de  los  nacimientos. 

Hubo  3,514  nacimientos  en  1913  y  3,118  defundones,  de  las  cuales  256  naderon 
muertos,  o  sea  el  7.28  por  dento  de  los  nadmientoe.  Hubo  un  aumento  de  19  naddos 
muertos  sobre  1912,  aumento  que  corresponde  al  8  por  ciento  sobre  el  afio  anterior, 
diferencia,  396,  aumento  de  la  poblad6n,  el  cual  corresponde  al  11.27  p(v  dento  de  los 
nacimientos. 

Hubo  4,093  nacimientos  en  1914  y  4,368  defundones,  de  las  cuales  303  naderon 
muertos,  o  sea  el  7.40  por  dento  de  los  nacimientos.  Hubo  un  aumento  de  47  naddos 
muertos  sobre  el  afio  anterior,  aumento  que  corresponde  al  18.35  por  dento  sobre  el 
afio  anterior,  diferencia,  275  en  contra  de  la  poblaci6n. 

HOSPITALBS. 

De  10,314  padentes  que  entraron  a  los  hospitales  en  1912, 1,065  murieron,  o  sea  el 
10.32  por  dento  de  tos  que  entraron. 

De  11,129  padentes  que  entraron  a  los  hospitales  en  1913, 1,189  murieron,  o  sea  el 
10.66  por  dento  de  los  que  entraron. 

Hubo  un  aumento  de  815  padentes  redbidos  y  de  124  muertos  sobre  el  afio  anterior. 

MOBTALIDAO  FOB  TUBBROULOSIB. 

De  3,209  defundones  de  1912,  305  fueron  por  tuberculosis,  o  sea  el  9.5  por  dento 
de  las  defundones. 

De  3,118  defundones  de  1913,  343  fueron  por  tuberculosis,  o  sea  el  11  por  dento 
de  las  defundones. 

1  Eztractado  dol  Reglstro  de  Estadistica  DepartamentaL 


Digitized  by  VjOOQIC 


ENGIKEEBING.  589 

Hubo  nn  aumento  de  38  casos  aobre  el  afto  anterior,  o  sea  el  12.45  por  ciento. 

For  lo  anteriormente  expuesto  se  ve  claramente  que  uno  de  los  tq&b  tenibles  males, 
que  diezma  las  poblaciones,  est^  tomando  grandlkijiu)  incremento  en  Bogota  sin  que 
hasta  ahora  se  haya  tornado  medida  profilictlca  alguna. 

En  efecto,  el  11  por  ciento  de  las  dehinciones  de  1913,  o  sean  343,  tuvieron  por 
causa  la  tuberculosis,  cifra  que  corresponde  para  la  poblaci6n  total  de  la  ciudad  en  eee 
alio  al  26.38  por  10,000  habitantes.  Y  todavfa,  hay  quienes  creen  que  las  alturas  de 
Bogotd  son  '*el  paralso  de  los  tuberculoses. "  Este  porcentaje  que  alarmarfa  con 
raz6n  a  cualquiera  ciudad  es  mirado  indiferentemente  entre  nosotros,  cuando  en 
otras  naciones  un  porcentaje  menor  es  motivo  de  continua  alarma  y  estudio. 

De  La  QitA  Modeme  estudio  de  Monsieur  Edouaid  Herriot,  Senador  y  alcalde  de 
Lyon,  1914,  tomamos  los  siguientes  dates: 

"Mientras  que  la  mortalidad  por  tuberculosis  y  por  10,000  habitantes  es  de  14  en 
B^lgica,  17  en  Italia,  19  en  Inglaterra,  20  en  Alemania,  es  de  38  en  Francia.  La  com- 
paraci6n  con  relaci6n  a  otras  ciudades  aparece  mds  desconsoladora  adn:  comparando, 
por  ejemplo,  a  Paris  y  Berlin  por  10,000  habitantes  se  tiene:  En  1875,  Paris  41,  Berlin,  • 
34;  1900,  Paris,  42.5;  Berlin,  23.1;  1910,  Paris,  35.3,  Berlin,  18.7.  Bogota  en  1913: 
26.38  pcff  10,000  habitantes.'' 

Bsjuenos  de  la  Junta  Central  de  Hxgiene  ydelade  Beneneeneia. — ^No  quiere  dedr  esto  que 
hayan  side  nulos  los  esfuerzos  de  la  Junta  Central  de  Higiene  ni  los  de  la  Junta  Oentarai 
de  Beneficencia:  los  de  la  Junta  de  Higiene  han  side  simple  y  sencillamente  insufi- 
cientes  en  todo  sentido,  no,  bien  entendido,  por  falta  de  inter^  en  sus  miembros, 
sine  principalmente  debido  a  la  escasez  de  fondos,  que  el  municipio  concede 
a  este  importantfsimo  ramo  de  su  dependenda.  De  los  $345,219.84  que  consti- 
tuyen  el  monto  efectivo  del  Presupuesto  de  rentas  (no  incluyendo  las  partidas  refe- 
rentes  al  producto  de  tranvia  municipal,  $227,020,  ni  del  acueducto  $69,700,  cuyo 
valor  no  entra  a  la  tesorerfa  municipal  ^  s61o  la  pequefiisima  cantidad  de  ^,720  estd 
destinada  al  servicio  de  higiene.  La  junta  central  de  beneficencia  presta  vaHosi- 
simos  servicios  sonteniendo  a  su  cargo  siete  importantes  establecimientos:  Hospital 
de  San  Juan  de  Dies,  el  Hospicio,  el  Asilo  de  Locos,  el  Asilo  de  Locas,  el  Asilo  de 
Indigentes  (varones),  Asilo  de  Indigentes  (mujeres),  y  el  Asilo  de  Nifios  desunpara- 
dos,  en  donde  se  da  entrada  libre  y  recibe  las  atenciones  necesarias  todo  individuo 
pobre  que  solicite  sus  humanitarios  servicios.  "Testimonio  de  ello  es  que  todos  los 
Establecimientos  estdn  reboeando,  que  por  ellos  han  pasado  en  el  afto  anterior  11,129 
pacientes  de  todas  clasee  a  los  cuales  se  atendi6  en  sus  necesidades  y  aflicdones, 
con  todo  el  esmero  que  los  elementos  y  capacidades  con  que  contamos  nos  lo  per- 
mitieron. "  * 

En  el  informe  del  Presidente  de  la  Junta  Central  de  Beneficencia,  a  cuyo  cargo  se 
encuentran  los  Asilos  y  Hospitales  de  Caridad,  al  tratar  del  aumento  de  enfermos 
redbidos,  dice:  "y  este  aumento  progresivo  ha  venido  observ&ndose  de  tiempo  atr6s 
y  seguiri  observtodose  en  los  afios  venideros  puesto  que  va  en  propord6n  con  el 
aumento  de  la  poblad6n  de  la  ciudad  y  no  ha  coincidido  con  la  correspondiente  am- 
pliaci6n  de  los  locales,  aumento  de  las  rentas,  etc.,  '*  En  efecto,  en  bien  del  alivio 
de  los  enfermos  ha  side  frecuente  la  necesidad  de  colocar  a  los  padentes  en  los  co- 
rredores  de  los  Hospitales  por  hallarse  materialmente  repletos  los  salones  de  los  locales. 

A  pesar  de  todo,  debido  a  los  esfuerzos  de  esta  Junta  se  construye  el  magnifico  Mani- 
comio  de  Cundinamarca  en  cuya  edificaci6n  se  ha  gastado  hasta  ahora  la  suma  de 
$73,000  oro. 

Debido  a  su  benefice  inter^  ha  podido  realizar  importantfsimas  mejoras  como 
las  siguientes:  para  descaigar  y  aliviar  el  servido  del  Hospital  de  San  Juan  de 
Dies  cre6  hace  tres  afios  el  consultorio  extemo  a  donde  acudi6  en  1914  la  cantidad 

>  Por  tntarae  de  jontas  antdnomas  que  man^jan,  leoaudan  e  InvierUn  dlohoa  flondoa. 
t  infonne  de  la  jmita  de  benefloencia. 
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de  25,816  enfermos  pobree,  dfra  equivaleate  al  20  por  ciento  de  la  pobladdn  de  la 
ciudad,  los  cuales  recibieron  lo6  cuidadoe  neceearios  a  su  estado. 

La  in0talaci6n  de  la  cocina  met^lica  tralda  de  Paris  para  el  Hoq»ital  de  San  Juan  dB 
Dio6,  que  funciona  satdfifactoriamente  con  econonila  de  personal,  trabajo,  carb6n  y 
tiempo,  coet6  la  suma  de  $7,546.44  (»o  y  deqMcha  cdmodamente  alimentaci6n  diaria 
para  1,000  personas. 

La  estufa  de  de6infecci6n,  que  C0Bt6  la  suma  de  $6,553.91  y  que  se  mont6  en  edificio 
construido  para  el  efecto,  viene  a  llenar  un  vacio  de  importancia  cs^ital. 

Todos  estos  bellos  esfuerzos  contribuyen  a  curar  las  dolencias  de  la  poblaci6n  y 
ayudan  de  mode  muy  benefice  a  aliviar  al  pobre  en  bus  enfermedades  especial- 
mente  en  las  ^pocas  de  epidemias  que  deQg;raciadamente  azotan  a  la  ciudad  como  el 
tifo,  la  disenteria,  la  toe  ferina,  etc.,  pero,  ^contribuyen  todos  estos  addantos,  mejo- 
ras  y  buena  voluntad  a  evitar  de  algtin  modo  la  formaci6n  de  estas  epidemias? 

Necendad  indUpensable  de  atender  a  la  Higiene  y  a  la  Ingenieria  Sanitaria  en  la 
ciudad, — ^La  previsi6n  debe  trabajar  para  reemplazar  la  asistencia. 
«  Salimos  del  campo  de  influencia  directa  del  m^ico,  de  la  receta  y  el  hospital,  para 
entrar  en  el  campo  del  saneamiento  de  la  poblaci6n,  de  la  higiene  y  de  la  ingenieria 
sanitaria  de  que  tanto  carece  y  tanto  necesita  la  poblaci6n;  que  ha  side  descuidada 
hasta  en  sus  m^  elementales  rudimentos  y  que  es  hoy  dia  la  llamada  a  dictar  el  plan 
de  reformas  de  la  capital  de  la  Repdblica,  para  Uevar  a  buen  fin  su  creciente  desa- 
nollo,  veiificando  su  transformacidn  de  una  manera  cient£fica,  y  asi  llegar  a  ocupar  eL 
puesto  que  por  decoro  le  corresponde  entre  las  ciudades  hispanoamericanas. 

^Guiles  son  los  motives  de  este  enorme  porcentaje  de  mortalidad  a  que  hemos 
Uegado?  ^D6nde  eet^,  y  cu^es  son  las  causas  de  su  aumento  deplorable?  ^Cu&lee 
son  los  medios  para  contrarrestarla  y  diaminuirla? 

Estudiaremos  primeramente  el  mecanismo  de  la  propagaci6n  de  las  enfermedades 
infecciosas,  o  sea  el  mecanismo  de  los  contagios,  con  una  aplicaci6n  a  las  actuales 
circunstancias  y  estado  de  la  ciudad,  para  que,  en  vista  de  sus  defectos  y  necesidades, 
j»rocuremoB  sefialar  sus  Amedios. 

Accidn  de  loa  micro-organismoa — Propagad&n  de  las  enftmudades  infeccioiaa, — A  las 
investigaciones  del  inmortal  Pasteur  y  a  sus  sabias  deducciones  y  constataciones 
debemos  el  conocimiento  que  se  Uene  de  que  las  enfermedades  contagiosas  se  tran»- 
miten  de  un  cuerpo  a  otro  por  los  micio-oiganismos,  verdaderos  g^rmenes  vivos, 
invisibles  para  la  vista  humana,  tan  fnfimos  son  y  por  la  tanto  m^  peligroeos  puesto 
que  pueden  alojarse  y  i>enetrar  por  todas  partes,  pero  para  los  cuales  se  han  podido 
estudiar  las  condiciones  de  existencia  propia  de  cada  especie. 

Despu^s  del  descubrimiento  de  los  microK)iganismos  los  esfuerzos  de  los  sabios  se 
han  dirigido  a  encontrar  los  medios  que  permitan  ya  hacerlos  deeaparecer  completa> 
mente,  ya  hacerlos  inofensivos.  La  mayorfa  de  estas  investigaciones  |ba  side  coro- 
nadas  por  el  ^xito  de  tal  manera  que  hoy  dia  pocos  de  estos  peligroeos  bacilos  son 
refractarios  a  la  acci6n  de  la  ciencia. 

Como  consecuencia  del  estudio  emprendido  contra  la  accidn  de  estos  gdrmenes 
infinitamente  pequefios  se  ha  deducido  que  su  accidn  puede  ejercitarse  por  tres  vlas 
diferentesyqueson:  (1)  Porlasaguasdealimentacidn;  (2)  por  el  aire  que  req;>iramo8; 
y  (3)  por  el  contacto  de  los  enfermos,  objetos,  vestidos,  utensiHos  de  su  uso  personal, 
etc.,'  asi 'como  tambidn  por  las  picaduras  de  insectos,  zancudos,  moscas,  etc.,  que 
lleven  el  germen  de  enfermedades  infecciosas. 

La  contaminacidn  por  el  agua  de  alimentacidn  es  un  hecho  comprobado  de  manera 
cierta;  tiene  lugar  para  algunas  enfermedades,  eq>ecialmente  el  tifo,  el  cdlera,  la 
disenteria,  etc.,  por  efectos  de  infiltraciones  de  aguas  sucias  dentro  de  los  conductos 
de  agua  limpia. 
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La  cantMninaci6n  por  el  aire  es  de  laa  nUis  f^Ues  puesto  que  el  aire  y  el  viento  son 
lo0  vehlciilos  de  los  g^rmeneB  iAlecdoeos  bajo  forma  de  emanaciones  malwanafl  o  de 
polvo  imperceptible,  proveniente  de  los  detritus  oig^cos  descompuestos. 

La  c(tttaimnaci6n  por  el  contacto  y  por  la  picadura  de  insectoe  es  por  lo  tanto  mis 
•vidente  que  las  dos  anterioree  causas  expuestas,  y  por  consiguiente  es  de  impeiiosa 
Beceaidad  d  aislamiento  de  los  enfermos  infectados,  tanto  de  las  personas  sanas, 
eomo  en  general  de  los  centroe  habitados,  aal  como  evitar  la  formacidn  de  ciiaderos  de 
cancudoe  y  mosquitos,  etc.,  en  pozos  de  aguas  sucias  que  puedan  estancarse. 

ApUeaei&n  a  Bogotd.—EB  evidente  que  al  aplicar  estostres  casos  al  estado  sanitario 
de  Bogota,  son  manifiestos  bus  defectos: 

(1)  La  captacidn  de  bus  aguas  no  se  hace  de  una  manera  apropiada  y  a  dlstancia 
convenientes  de  los  sitios  en  donde  pueden  infectarse,  pues  en  las  inmediaciones  de 
BUS  corrientes  y  manantiales  ezisten  numerosas  habitaciones  de  gente  desaseada  y  sin 
la  menor  noci6n  de  higiene;  adem^,  los  tanques  de  captacidn  y  almacenamiento, 
estando  a  la  vera  de  un  camino  pdblico,  muy  frecuentado,  y  en  los  arrabales  de  la 
poblaci6n,eBt^  expuestos  a  la  contaminacidn  conaiguiente  de  bus  aguas,  mucho  m^, 
cuando  a  los  alrededores  de  estos  tanques  van  frecuentemente  los  habitantes  de  los 
xancboB  de  su  vecmdad  y  jamis  los  barrenderos.  Fuera  de  estas  razoDos  existe 
ana  muy  poderosa  y  elemental:  no  hay  filtros  para  la  depuraci6n  de  estas  aguas,  las 
cuales  Bon  repartidae  a  la  ciudad  en  las  exactas  condiciones  que  hemes  descrito,  con  la 
curcunstancia  de  que  muchas  de  las  tuberiasde  repartici6n  pasan  por  las  alcantanllaB 
de  desagHes  produci^dose  no  pocas  voces  infiltraciones.  No  es  pues  extraCLo  que 
la  dtsenteria,  el  tifo,  etc.,  sean  end^micas  en  la  poblaci6n,  ya  que,  mis  que  agua 
pura,  lo  que  Uega  a  las  cases  por  las  tuberfas,  es  a  voces  \m  veneno. 

(2)  Siendo  el  aire  y  el  viento  el  vehiculo  mis  propicio  para  el  transporte  de  los 
gteneneB  infecdoBos  en  forma  de  emanacionea  malwanas  o  de  polvo  provenientes  de 
los  detritus  oiginicos  deecompuestOB,  iqu^  peuBaremos  de  los  cauces  descubiertos 
de  loB  RioB  de  San  Francisco,  San  AguBtfn,  Quebrada  de  San  Juanito,  etc.,  colectores 
de  las  alcantarillas  vecinas,  verdaderos  focos  de  infecci6n  que  atraviesan  la  poblacidn 
por  los  barrios  mis  habitadoB?  Si  aiquiera  sub  pavimentos  o  pisos  fueran  de  superficies 
lisaBy  que  proporcionaran  facilidades  para  el  resbalamiento  de  las  aguas  y  materias 

^dianeltas  o  en  Buspenaidn  que  estas  aguas  airastran,  su  influencia  malsanano  serla  tan 
electiva;  pero  bub  escasaB  aguas  corren  por  entre  cauces  de  verdaderos  rlos,  antigua- 
mente  caudidoeos,  es  decir,  por  entre  obstdculos  de  todas  clases  donde  el  agua  se 
detiene  ficilmente  y  forma  verdaderos  criaderos  de  insectos  y  por  entre  piedras  de 
gran  tamafio  que  presentan  descubierta  una  gran  superficie,  las  cuales  humedecidas 
poT  el  movimiento  del  agua  y  luego  seoadas  por  los  rayos  del  sol,  evaporan  una  gran- 
dlaima  parte  de  estas  aguas  y  dejan  en  seco  los  g^rmenes  vivos  que  bajo  forma  de 
polvo  imperceptible  van  a  regarse  por  todas  partes. 

^Qu4  podxi  pensarse  entonces  de  la  buena  higiene  y  del  estado  sano  de  la  poblacidn 
al  recordar  que  el  matadero  de  la  ciudad  esti  aituado  sobre  una  de  estas  alcantarillas 
de  mayor  importancia,  la  cual  esti  completamente  descubierta? 

^Qud  BQguridades  puede  tener  la  salud  pdblica,  cuando  la  plaza  de  mercado  no 
tiene  agua  suficiente,  ni  excusados,  ni  buenoB  desagQes  y  toda  clase  de  desperdicios 
es  arrojadas  a  las  alcantarillas  por  verdaderos  agujeros  que  comimican  con  ellas  y 
no  tienen  ni  sifones? 

(3)  Como  vimoB  anteriormente,  muy  dignos  de  aplauso  son  loe  esfuerzosdela  Jxmta 
Central  de  Beneficencia;  pero  una  poblacidn  de  140,000  habitantes,  que  tiene  en  el 
corazdn  mismo  de  la  ciudad,  y  lindando  con  la  plaza  del  mercado,  un  hospital  en 
donde  se  atendieron  y  recibieron  hospitalidad  en  el  aflo  pasado  7,456  pacientes, 
atacadoB  de  toda  clase  de  enfermedades  infecciosas  y  en  donde,  debido  a  la  poca 
capacidad  y  escasas  comodidades,  muchos  salones  fueron  comunes  para  toda  clase  de 
enfermoB,  no  puede  ser  verdaderamente  sana,  ni  podri  serlo;  los  pacientes  que  no 
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pasan  por  las  puertas  del  anfiteatro,  saldrdn  por  otras,  cuiadoe  tal  vez  de  la  enf omedad 
por  la  cual  fueran  recibidoe,  pero  contaminadoe,  deflgraciadamente,  por  otias  enfer- 
medades  que  alii  adquirieran,  y  que  no  pocas  vecee  es  la  mortal  tuberculooB. 

El  siBtema  de  Iob  alcantarilladoe  de  laciudad,  suficientes  tal  vez  paralaaneceflidades 
del  tiempo  en  que  se  conBtruyeron,  hoy  son  en  partes  inmificienteB  para  un  buen 
servicio,  debido  al  aumento  grandiaimo  de  habitaciones  y  de  habitantes,  de  donda 
resulta  el  rompimiento  de  ellos  en  muchoe  caaos,  como  loe  observadofi  despute  de 
algunos  fuertes  aguacero6. 

Su  con8trucci6n  becha  por  secciones  y  en  ^pocas  diferentee,  no  ha  obedecido  a  un 
plan  general  determinado  y  ctentfficamente  aplicable,  de  donde  han  resultado,  con 
frecuencia,  problemas  cacd  inaolubles  para  el  departamento  de  ingenierfa  municipal. 

Por  efecto  de  dispoaiciones  municipales  loe  vecinoe  eelin  en  la  obligacidn  de  coetear 
el  valor  de  las  alcantariUas  de  las  calles.  Esta  disposicidn  de  la  municipalidad  es 
causa  de  muchos  de  los  errores  sefialados  por  la  lentitud  de  su  construcci6n,  fuent  de 
los  perjuicios  de  los  vecinos  que  si  pagan  su  trayecto  correspondiente;  tambi6n 
es  la  causa  de  las  dificultades  que  resultan  para  los  empidmes  de  diferentes 
secciones  por  la  falta  de  seguir  un  plan  determinado  de  nivehicidn.  £1  mejor 
sistema  que  podrfa  emplearse  serla  el  de  construir  la  red  dealcantarillado  por  cuenta 
de  la  municipalidad  y  de  acuerdo  con  un  plan  estudiado,  y  lu^go  cobrar  un  pequeflo 
impuesto  proporcional  al  valor  de  la  obra  a  cambio  del  dereho  de  derrame  y  desagtie 
de  aguas  sucias. 

Mientras  el  alcantarillado  de  la  ciudad  contintie  en  el  estado  en  que  se  halla,  los 
cauces  de  los  Rfos  de  San  Francisco  y  San  Agustfn  permanezcan  deecubiertos,  la 
cantidad  de  aguas  de  que  dispone  el  acueducto  para  el  servicio  no  se  aumente  y  se 
reparta  en  cantidad  suficiente,  asf  como  en  perfecto  estado  de  pureza  y  potabilidad, 
se  construyan  bafios  ptiblicos,  lavaderos,  para  evitar  lavar  en  com<in  las  ropas  de 
personas  que  pueden  ser  sanas  y  de  enfermos,  como  puede  suceder  con  las  que  de  las 
casas  de  Bogota  entregan  a  las  lavanderas  de  los  lados  de  Usaqu^n,  las  cuales  son 
lavadas  en  comtin  en  pozos  donde  detienen  el  agua  para  que  suba  a  nivel,  y  trabajan 
cinco  o  seis  personas;  fuentes  pdblicas;  buen  maXadero  con  mucha  agua;  la  plaza  de 
mercado  y  el  hospital  con  todos  los  requiaitos  de  la  higiene  modema;  y  mientras  no  Be 
ensefien  en  las  escuelasn,  siquiera  las  misindispensables  lecciones  de  higiene  personal  y 
ptiblica;  que  todo  el  mundo  considere  el  aseo  en  todas  sus  formas  como  una  voxiadoa 
necesidad  para  la  existencia  y  se  empape  de  la  idea  del  dogma  Salvador  de  que  "el  aseo 
conduce  a  la  sanidad;''  considere  el  jab6n,  el  cepillo,  el  agua,  el  aire,  la  luz  y  el  sol 
necesarioB  como  el  allmento,  no  podr&  ser  la  ciudad,  ni  higi^nica  ni  sana. 

Neeeiidad  de  la  educacidn  pUblica  en  materia  d&hAgiene. — De  lo  expuesto  anteriormente 
se  deduce  la  necesidad  de  organizar  la  educaci6n  ptiblica  en  materia  de  higiene  social, 
pues  lo  que  ha  venido  sucediendo  hasta  ahora,  es  que  se  ha  abusado  de  la  bondad  ez- 
cepdLonal  de  su  clima,  y  nadie  se  ha  preocupado  formalmente  por  evitar  las  verdadetas 
causas  de  enfermedades;  y  hay  que  tener  en  cuenta  que  el  pueblo  no  tiene  la  culpa 
de  sus  errores  en  estos  males,  puesto  que  hasta  ahora,  fuera  del  instinto  natural  del  aseo, 
no  se  le  ha  ensefiado  noci6n  cient(fica*de  higiene  alguna. 

Faltando  en  la  educaci6n  la  idea  permanente  de  la  higiene,  no  se  la  tiene  en  cuenta 
.para  prever  ciertos  males:  ejemplos  tenemos  en  Bogota  en  donde  se  ha  prestado  dempce 
mayoratenci6nalaaaistenciap(iblica,  esdecir,  alosho6pitaleB,etc.,  que  a  la  higiene  que 
fli  no  evita  su  empleo,  s(  lo  reduce;  es  lo  mismo  que  favorecer  la  fabricadkSn  de  remedies 
contra  las  quemaduras,  por  ejemplo,  y  no  patrocinar  la  ensefianza  en  el  sentido  de  no 
meter  las  manos  al  fuego;  entre  nosotros  se  funda  primero  una  Sodedad  de  Cruz  Rqja 
Nacional,  que  una  de  higiene  y  aaneamiento;  se  olvida  pues,  o  no  se  sabe,  que  todo  lo 
que  se  gane  por  las  obras  de  higiene  y  saneamiento  tiende  a  redudr  la  intervenci^ki  de 
la  asistenda  ptiblica. 

La  frase  educaci6n  ptiblica  despierta  la  idea  de  una  organizaci6n  administra- 
tiva,  de  una  legislaci6n  y  roglamentaci6n  ptiblicas.  Fuera  de  esto  la  obra  que 
debe  emprenderse,  debe  fundarse  en  la  colaboraci6n  de  todas  las  buenas  volun- 
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tades  individuales,  de  todas  las  inidativas  privadas,  para  dar  al  movimiento  toda  su 
faerza  y  toda  su  eficacia;  debe  fundane  una  liga  Nadonal  de  Higiene  y  Saneamiento 
con  comifliones  y  subcomisiones  que  velen  y  trabajen  por  su  desarroUo  en  cada 
localidad. 

Se  debe,  en  primer  lugar,  obtener  que  la  ensefianza  de  la  higiene  se  introduzca  en  los 
programas  de  inst3rucci6n  ptiblica.  Es  con  los  nifioe  y  en  las  escuelas  por  donde  se 
debe  comenzar  la  campafia,  para  irla  poco  a  poco  extendiendo  y  generalizando. 
De  las  escuelas  pasari  al  hogar  pues  siendo  las  verdades  de  esta  cienda  pricticas,  la 
lecci6n  viene  naturalmente,  x>or  ella  misma:  no  es  predsamente  por  los  libros  como  se 
aprende  esta  ciencia,  es  a  toda  hora,  con  ocasi^n  del  menor  incidente  de  la  vida 
cotidiana  como  se  aprende  el  aeeo,  los  cuidados  necesarios  para  la  salud,  los  peligros 
innumerables  de  enfermedad,  etc. 

No  hay  que  olvidar,  sobre  todo,  que  la  educad6n  del  alumno  ser&  sin  frutos  durables 
si  ella  se  dirige  a  d  solo,  si  se  detiene  en  ^1;  que  m^  all&  de  la  escuela  es  tambi^n  en  los 
padres  en  quien  debe  fijarse  el  maestro  puesto  que  muchas  vecee  es  el  alumno  quien 
ftimiliarmente  y  a  la  vuelta  de  la  escuela,  hace  comprender  a  los  suyos  el  peligro  de 
ciertas  pricticas,  de  dertas  costumbres  y  la  necesidad  de  pequefias  reformas  interiores, 
que  vendr&n  a  ser  de  provecho  para  la  fomilia  toda  entera. 

El  agua  es  el  primer  elemento  de  consume ;  el  alimento  m^  indispensable  para  la  vida; 
es  la  base  del  aseo,  de  la  higiene,  y  de  la  buena  salud.  Su  escasez  es  la  calamidad 
pdblica  m^  terrible  de  la  dudad  y  por  conedguiente  el  agua  es  su  primera  necesidad; 
y  siendo  tambi^n  el  medio  por  el  cual  se  propagan  m^  f^kdlmente  las  enfermedades 
68  natural  que  ella  sea  el  punto  que  tratemoe  primeramente. 

Las  agruu  de  que  ee  hace  U90  en  Bogotd,  suministradas  por  el  Acueducto  eon  eonsideradai 
eomo  impotables, — Al  tratar  de  hacer  un  eetudio  sobre  las  aguas  de  la  dudad  hay  que 
partir  del  principio,  de  que  las  aguas  de  que  hoy  se  hace  use  y  que  propordona  el 
Acueducto  Munidpal,  para  el  consume,  no  son  potables;  Y  esta  triste  verdad  no  es 
un  dato  emplrico,  sino  el  resultado  de  un  serio  eetudio  efectuado  sobre  aniiliHis  exactoe, 
practicados  por  un  respetable  miembro  del  Institute  de  Quimica  de  Inglaterra,  el 
8r.  William  Macnab,  que  a  continuaci6n  exponemos,  y  de  otros  anilisis  practicados 
por  los  directores  del  laboratorio  munidpal  de  la  dudad. 

Primer  an&Iisis  (15  de  junio  de  1907): 

{Partes  por  100,000.] 


RfoSan 
Pran- 
cisoo. 

Rio  San 
CrisUSbal. 

Rio 
Timjaeto. 

Mftt^i^fl^<lA UfM  

200 
015 
015 
520 
000 

5,000 
300 
037 
018 
600 
000 

200 

Cloro 

AnionlWM>  Ifbrt 

OlS 

WiT><nilmM>  ftlbmniiioido     

018 

Ozfgtno  ftNwrMdo 

318 

Nitratos  7  nltrltos 

000 

<  *  Los  an&Hsifl  demuestran  que  las  aguas  son  muy  semejantes  en  sus  caracteres  y  que 
contienen  mny  poca  materia  mineral.  Por  otra  parte,  est&a  muy  caigadas  de  materia 
org^ca  y  serf  a  peligroso  emplearlas  para  beber."    (Palabras  del  qufmico  dtado.) 

Segundo  andlieie,    (15  de  agoeto  de  1907,) 

(Partes  por  100,000.] 


Rio  del 
Anobispo. 

Rio  de  San 
Cristdbal. 

Rio  de  San 
Prandsoo. 

Rfode 
Tm^oelo. 

Matfirtft  iK^lldft  total 

3,000 
200 
Oil 
015 
007 
228 

8,500 
200 
006 
015 
043 
520 

4,500 
200 
000 
021 
006 
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^'Todas  las  cuatro  muestras  aon  muy  semejantes  en  sua  caracteree.  La  m/Ltenm 
minejral  ee  aumamente  redudda,  lo  que  proporciona  al  agua  sabor  dulce;  pero  la  gran 
cantidad  de  oxigeno  abaorbido  y  de  amoniaco  albuminoide  en  relaci6n  con  el  amoniaco 
libre  y  el  nitr^geno  nltiico  encontrado,  demuestian  que  las  aguas  son  muy  impuxaa 
y  no  propias  para  bebor."    Finnado:  Wiuliam  Macnab. 

La  oficina  de  Higiene  y  Salubiidad  cuya  direcddn  estaba  a  caigo  de  los  req[>etablflB 
Prof eeores  Lobo  y  Zea  Uribe,  informaron  a  este  respecto  lo  siguiente,  que  a  oontinua- 
ci6n  copiamos: 

^Son  potables  las  aguas  que  proporciona  a  Bogot&  la  compafifa  del  acueducto? 

Esta  prec;unta  habfa  side  contestada  por  nosotros  en  sentido  negativo,  en  docu- 
mento  publicado  en  la  "Gaceta.  Republicana/'  y  hoy  debemos  exponer  las  lasones 
que  tuvimos  entonces  y  tenemos  ahora  para  afinnar  que  no  son  i>otables. 

^Cu&les  son  las  autoridades  aue  ban  detenninado  nuestra  opini6n  en  el  sentido  de 
la  impotabilidad  de  las  aguas  de  Bogotd? 

En  el  Laboratorio  se  practdcaron  an^lisis  del  agua  del  acueducto  durante  el  mes  de 
didembre  de  1909.  Como  resultado  de  los  mudios  anilisis  de  didembre  se  obtuvo 
un  promedio  de  0.004  milfgramos  de  materia  org^ca  por  litre,  y  en  los  de  enero  se 
obtuvo  la  cantidad  de  0.013  milfgramos. 

Se  sabe  que  las  aguas  es^  ck^ficadas  por  la  mayor  parte  de  los  autores  asf :  agua 

Sura,  la  que  contiene  menos  de  un  milfgramo  por  litre;  agua  potable  la  que  contiene 
e  uno  a  dos  milfgramos  de  mat^ia  oi]^;&nica  por  litre;  agua  sospechoea,  la  que  con- 
tiene de  tres  a  cuatro  milfgramos  por  htro. 

Mds  adelante  al  an&liais  bacteriol6gico  de  las  aguas  de  Bogota  efectuado  por  el  Sr. 
Dr.  Federico  Lleras,  encargado  entonces  del  laboratorio  mnnidpal  y  por  el  Sr.  Julio 
Zuloaga,  preparador  del  laboratorio  de  bacteriologfa,  dice: 

El  Dr.  Lleras  di6  este  anilisis  a  petiddn  de  la  Oficina  de  EUgiene  y  Salubridad; 
despu^s  de  practicar  siembras  en  el  Agar  de  Hesse,  not6  el  desarrollo  de  numeroeas 
colonias  bacterianas  que  se  multiplicaron  con  tal  r«>idez  que  se  hizo  impodble  nu- 
merarlas.  Se  vi6  iorzado  a  diluir  una  gota  de  agua  del  acuMUCto,  fin  filtrar,  en  agua 
esteiilizada  y  repetir  la  siembra,  lo  que  di6  despu^  de  mtiltiplee  ensayos,  un  pro- 
medio de  12  bacterias  por  centf  metro  cdbico  y  eso  hizo  que  aqud  hdbil  investisador 
calificase  de  impuras  las  aguas  del  acueducto  desde  el  punto  ae  vista  bacteriol^co. 
£1  cr^6  aislar  una  espede  pat6gena  para  el  hombre,  el  "colibacilo,"  agente  de  terri- 
bles  afecdones  del  tube  intestinal  y  concluye  en  su  estudio  pres^itado  a  la  Academic 
Nadonal  de  Medicina,  que  no  se  haga  use  de  las  aguas  oel  acueducto,  sine  luego 
que  hayan  side  hervidas  o  filtradas,  so  pena  de  arrostrar  el  peligro  de  seguias  infec- 
ciones. 

La  Academia  de  Medicina,  despu^  de  un  estudio  detenido  del  asunto  lleg6  a  las 
condusiones  siguientes,  segdn  su  ofido  del  5  de  septiembre  de  1910  dirigido  al  presi- 
dente  del  concejo  mimidpal: 

*'  Que  el  acueducto  de  Bogota  sirve  al  publico  agua  de  calidad  p^sima,  impotable 
por  las  materias  orginicas  que  arrastra  y  nodva  para  los  que  la  consumen  por  las 
bacterias  pat<%enas  que  contiene  por  centf  metro  cdbico/' 

Como  complemento  a  lo  expuesto  damos  a  continuad6n  el  resultado  de  otros  ani- 
lisis efectuado^por  el  mismo  doctor  Lleras  para  la  averiguaci6n  del  ndmero  de  mi- 
crobios  contenidos  por  centfmetro  cdbico,  en  diferentes  puntoe  de  la  dudad.  Agua 
del  acueducto  de  San  Francisco  en  1912:  de  2,000  hasta  11,780  por  centfmetro;  de 
Ghapinero,  1,000  por  centfmetro;  de  Las  Gruces,  1,250  hasta  2,500  por  centfmetro; 
de  Bel6n,  76,000  hasta  91,000  por  centfmetro;  del  Chorro  de  Padilla,  hasta  40  por 
centfmetro. 

Hay  quetener  en  cuentaque  estostrabajos  yopiniones  ban  ddosuministradoshace 
algunos  afios,  es  dedr,  cuando  cerca  de  2,000  moradores  vivfan  y  trabajaban  en  las 
cuencas  de  las  aguas  que  van  al  Acueducto  y  cuyos  despojos  y  los  de  sus  animales  entra- 
ban  directamente  a  las  aguas  de  que  se  surte  la  dudad.  Un  hecho  que  pondera 
verdaderamente  el  estado  de  las  cuencas  de  estas  vertientes,  es  el  sefialado  por  el 
Gerente  Dr.  Edmundo  Cervantes  en  un  Informe  ofidal  para  el  alcalde  de  la  dudad 
en  el  cual  le  comimica  que  en  un  mismo  dfa  fueron  ballades  en  tres  vertientes  dif e- 
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rentes,  un  aeno,  tuia  mula  y  tin  caballo  muertos.  Adem&B,  entre  IO0  habitantee  de 
estae  hoyas  "no  faltan  caaos  de  viruela  de  tifo  y  aun  de  elefancia."  Hoy  dla  estas 
hoyas  son  habitadas  por  m^  de  4,000  habitantee  en  lae  mismas  y  tal  ves  peores  con- 
diclones  que  loe  2,000  de  hace  varioe  afios,  y  por  ^onaiguiente  la  potabilidad  de  las 
aguae  eetard  en  la  misma  proporci6n  de  las  p^simas  condiciones  que  entonces. 

Queda,  pues,  demostrado  que  las  aguas  que  suministra  el  Acueducto  y  de  que  hace 
U80  la  dudad  para  su  consume  son  consideradas  como  impotables. 

Disminucidn  de  la  oantidad  de  las  aguas  de  que  dispone  el  Acueducto  y  medios  para 
oonservarlas  y  aumentarUu, — En  cuanto  a  la  escasez  de  la  cantidad  de  agua  de  que 
dispone  el  acueducto  y  su  consiguiente  mal  servicio,  todo  el  mundo  por  experienda 
propia  en  su  casa  conoce  d  estado  en  que  noe  encontramos. 

S6I0  un  dato  num^iico  queremos  agregar  a  este  triste  conocimiento  individual  y 
es  el  de  que,  con  la  disposiddn  de  toma  de  las  aguas,  los  puntos  en  que  se  bacen,  su 
almacenamiento,  distribud6n,  etc.,  s61o  son  aprovechables  de  50  a  60  litros  por  babi- 
tante,  en  buen  tiempo,  y  s61o  de  25  a  30  en  las  6pocas  de  verano;  es  dedr,  que,  como 
veremos  luego,  cada  habitante  b61o  aprovecha  una  cantidad  que  no  alcanza  al  10  por 
dento  de  las  aguas  de  que  en  realidad  pudiera  disponer. 

Agr^gase  a  este  deplorable  estado  de  insalubridad  y  escasez,  el  hecho  de  que  debido 
a  la  poca  atenddn  que  se  ha  prestado  a  la  conservaci6n  de  dichas  aguas  su  gasto  dis 
minuye  anualmente  de  una  manera  alarmante. 

En  la  Exposid6n  que  el  Goncejo  Munidpal  de  Bogotd  hizo  al  Congreso  de  1912,  al 
hablar  sobre  la  disminuddn  de  las  aguas,  dice  lo  siguiente:  "Calculan  los  expertos 
que  si  las  cosas  siguen  como  van,  en  esta  materia,  en  el  curso  de  quince  afios  las  aguas 
del  Rfo  de  San  Francisco  y  San  Crist6bal  se  habr&n  extinguido  totalmente  y  Ber& 
predso  ocurrir  al  sistema  de  pozos  artesianos  para  surtir  a  la  dudad." 

Noeotros,  aun  cuando  no  estamos  de  acuerdo  con  la  prontitud  de  esta  extinddn,  sf 
leconocemos  d  peligro  de  su  agotamiento  continue  y  de  la  neceddad  imperiosa  e 
indispensable  que  hay  x>ara  evitar  este  mal  de  tomar  medidas  inmediatas.  Estas 
medidas,  y  cad  son  las  tinicas,  son  las  siguientes:  aislamiento  de  las  hoyas  hidro- 
gdLficas,  su  despobladdn,  y  su  arborizad6n,  con  la  drcunstanda  de  que  estas  medidas, 
al  mismo  tiempo  que  conservan  las  aguas,  y  tal  vez  las  aumentan,  son  uno  de  loe  medios 
para  obtener  puras  las  que  vayan  a  loe  acueductos. 

For  razones  anteriormente  expuestas  y  otras  que  a  nadie  se  le  escapan,  se  ve  clara- 
mente  la  neceddad  dd  aislamiento  de  las  hoyas  hidrogr&ficas  de  dichas  aguas  y  su 
despobladdn,  puesto  que  no  permitiendo  levantar  casas  de  habitad6n,  y  destru- 
yendo  las  existentee,  deja  de  existir  una  de  las  prindpales  causas  de  la  contaminad6n 
de  dichas  aguas.  Este  aislamiento  y  despobladdn  no  se  puede  conseguir  sine  por  la 
compra  de  las  hoyas  hidrogr&ficas,  las  cuales  cercadas  con  paredes  y  sujetando  su 
violaddn  a  fuertes  penas  0  multas,  que  r^lamentar&  la  Alcaldla  de  la  dudad,  00 
conservar&n  en  buen  estado  de  aseo. 

En  cuanto  a  la  propiedad  que  poseen  los  bosques  de  conservar  y  aumentar  las  aguas 
es  un  hecho  estudiado  y  comprobado.  Damos  a  continuad6n  un  extracto  del  eetudio 
que  sobre  d  asunto  presents  d  Goncejo  Munidpal  al  Congreso  de  1912,  el  cud  estd  de 
acuerdo  con  nuestras  ideas  sobre  el  particular  y  contribuiri  a  ilustrar  el  criterio 
publico  en  este  asunto  de  vital  imi>ortancia  para  la  dudad. 

^u  «  *  *  jjg^  aguas,  despu^  de  caer  sobre  d  suelo,  se  escapan  de  cinco  modes, 
a  saber:  por  evaporaddn,  por  transpiraddn,  por  escape  superficial,  por  escape  bajo 
el  subsudo  y  por  infiltraadn  profunda.  Por  evaporaddn  se  entiende  la  humedad 
que  pasa  a  la  atmosf era  en  la  forma  de  vapcnr  acuoso  desprendido  del  agua,  de  la  super- 
nde  dd  suelo  y  de  IO0  objetos  que  reposan  sobre  dicha  superfide,  incluyendo  entre 
ellos  la  vegetacidn.  La  transpiraddn  es  esa  parte  de  la  ifuvia  que  se  infiltra  en  d 
terrene  y  que  mis  tarde  la  toman  las  plantas  por  medio  de  las  rafces  y  vuelve  a  la 
atmddera  al  trav^  del  follaje.  A  esto  debe  agregarse,  aun  cuando  no  es  t^nicamente 
una  parte  de  ella,  la  cantidad  eomparativamente  pequefia  que  toma  la  vegetaddn, 
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pero  que,  por  medio  de  cambios  <)uf  micos,  viene  a  f ormar  parte  de  la  estractura  argk- 
nica  vegetal.  Por  escape  superficial  se  entiende  la  poorddn  de  las  lluvias  que,  deade  el 
momento  de  su  cafda  hasta  la  llegada  al  arroyo,  siguiendo  cierta  hoya,  no  entra  en  el 
terreno.  Escape  bajo  el  subsuelo  es  la  parte  de  las  aguas  pluviales  que  se  infiltra  en 
el  suelo,  pero  que  mas  tarde  vuelye  a  aparecer  en  la  superacie  a  menores  elevaciones 
y  que,  junto  con  el  escape  superncial,  pasa  de  cierta  uea  detetminada,  siguiendo  la 
via  de  los  arroyos.  Infiltracion  profunoa  es  la  parte  de  las  aguas  que  se  sumerge  en  la 
tierra  a  tales  profundidades  que  no  vuelve  a  aparecer  en  la  superade  de  cierta  ^irea. 

£1  alimento  de  la  corriente  de  una  r^6n  consiste  en  el  escape  superficial  y  en 
el  escape  bajo  el  subsuelo.  *  *  *  Es  claro,  pues,  que  cualauier  factor  que  dis- 
minuya  el  escape  superficial  y  que,  en  consecuencia,  aumente  el  escape  bajo  el  sub- 
suelo, es  de  gnmde  importancia  econ6mica  para  la  c<mservaci6n  y  utuizacidn  de  laa 
aguas. 

**E1  bosque  con  la  mavor  riqueza  de  su  follaje,  prolonga  mateiialmente  el  espacio 
de  tiempo  que  la  lluvia  dura  en  Uegar  al  suelo,  como  que  el  agua  continda  cayendo  o 
ffoteando  de  las  hojas  durante  una  nora  o  m^  despues  de  un  fuerte  aguacero.  Poir 
10  tan  to,  al  prolongarse  el  tiempo  en  que  el  a^a  dura  cayendo  sobre  el  suelo,  el  bosque 
ejerce  ima  influencia  material  en  disminuir  el  escape  superficial.  El  suelo  de  los 
bosques  absorbe  el  agua  m^  idpidamente  que  el  de  origen  semejante,  pero  desnudo 
de  ^boles.  Mientras  mayor  sea  la  cantidad  de  humus,  de  hojarasca  y  de  otros  dee- 
pojos  vQgetales,  mayor  es  la  ab6orci6n.  En  todo  bosque  en  donde  los  deepojos  vege- 
tales  forman  un  lecho  espeso  que  cubre  el  suelo  mineral,  pr&cticamente  no  hay 
escape  por  la  superficie,  excepto  en  declives  muy  empinados  y  en  lugares  en  que 
esos  despojos  han  sido  destruidos  por  el  fuego  y  por  otras  causas." 

Basta  lo  anteriormente  expuesto  para  comprender  la  importancia  y  necesidad  de 
la  arborizaci6n  de  la  parte  oriental  de  la  ciudad,  despu^  de  la  compra  de  las  hoyas 
hidiogr^ficas,  asi  como  su  de8poblaci6n  y  aislamiento,  para  la  conservaci6n,  aumento 
de  las  aguas  y  su  obtencidn  en  estado  cad  de  completa  pureza,  y  tambi6n  la  puiifica- 
ci6n  dd  aire  que  viene  de  la  cordillera. 

De  los  bosques  que  la  Munidpalidad  formara,  pudiera  m4s  tarde  derivar  una 
pequefia  renta  de  la  venta  de  maderas  y  lefia,  que  resulten  de  los  cuidados  de  con* 
servad6n,  la  cual  puede  y  debe  hacerse  sin  detrimento  de  su  objeto  higi^nico  y  de  la 
conservad6n  de  las  aguas. 

Toca  en  seguida  indicar  cudles  son  las  clases  de  drboles  m&a  convenientes  para  el 
objeto.  Hay  que  tener  en  cuenta,  bien  entendido,  para  esta  decddn,  que  no  861o 
debe  atenderse  al  objeto  que  nos  proponemos:  la  conservad6n  y  aumento  de  las  aguas^ 
sine  tambi^  a  nuestro  clima  y  calidades  de  tenenos  donde  deben  sembrarse.  De 
lo  que  recoidamos  haber  leido  sobre  el  particular  parece  que  las  clases  de  los  ''red- 
nosoe  *'  son  las  mis  apropiadas,  y  por  consiguiente,  d  esto  es  ad,  d  pino  seria  en  nuestro 
case  el  mis  conveniente  por  adaptarse  bien  a  nuestro  clima  y  sudo.  En  todo  caso 
esta  elecci6n  debiera  ser  objeto  de  im  estudio  detenido. 

Riqueza  del  Dietrito  Capital  en  cantidad  de  agiuu.  La  Capital  de  la  RepTihlica  pusde 
gozar  de  un  eepUndido  eenrido  de  aguae. — ^En  cuanto  a  lo  que  se  refiere  a  la  cantidad 
de  aguas  que  posee  el  Distrito  Capital  para  d  servido  de  la  dudad,  podemosdemostrar 
que  es  sufidentemente  rica  para  propordonarle  un  espl^ndido  servido. 

Las  fuentes  que  posee  d  distrito  capital  y  que  puede  aprovechar  la  ciudad  paia 
su  servicio,  son  las  siguientes:  Rio  San  Francisco,  Rio  San  Cristobal,  Rio  del  Arzo- 
bispo,  Quebradas  de  la  Vieja  y  de  Las  Delidas,  Rio  San  Agustin,  formado  de  los 
arroyos  de  Manzanares  y  de  la  Pefia,  y  Rio  Tunjuelo. 

1.  Rio  San  Francisco. — Lo  forman  los  arroyos  y  vertientes  que  nacen  detris  de 
los  cerros  de  Monserrate  y  de  Guadalupe,  de  las  cuales  las  prindpales  son  Monserrate, 
Quebrada  Grande,  Pefias  Blancas,  etc.  La  hoya  hidrogrifica  de  estas  aguas,  medida 
con  im  planimetro  sobre  una  carta  de  la  regi6n,  tiene  un  irea  de  1,100  hectireas 
de  tierras  sin  drboles,  de  mala  calidad  y  habitadas  y  cultivadas  por  gentes  que  viven 
al  pie  de  bus  nacimientos  sin  ninguna  precauci6n  de  aseo.  El  gasto  de  estas  aguas 
es  muy  variable,  pues  estd  regido  por  las  lluvias.  El  terreno  es  permeable  y  parte 
de  las  aguas  se  pierden  por  infiltraci6n.  Su  gasto  medio  minimo,  segtin  d  Dr.  Pedro 
Uribe,  es  de  165  litros  por  segundo. 
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2.  Bio  de  8an  Cri$t6bal.—Lo  forman  las  veitientes  y  airoyos  que  nacen  en  la  parte 
occidental  del  p&ramo  de  Cruz  Verde,  y  que  son,  la  de  La  Vieja,  que  nace  en  la  laguna 
de  los  Patos;  la  de  En  Medio,  la  Calera,  y  deepu^  se  le  rednen  las  del  Caracol,  el 
Voldui  Blanco,  la  de  los  Laches  y  la  de  Borbotones.  Su  &rea  es  aproximadamente 
de  2,200  hectdreas  y  su  abundanda  de  aguas  es  debida  a  que  se  conservan  sus  drboles. 
Tambi^n  tiene  numeroeos  moradores  al  pie  de  sus  nadmientos.  Su  gasto,  s^n 
el  Dr.  Uribe,  es  de  253  litroe  por  s^^undo. 

3.  Aio  del  Arxobiapo. — ^Nace  este  Rio  en  los  cerros  que  se  prolongan  al  norte  del 
de  Monserrate,  Uamados  del  Veij^n  y  del  Guairtis.  Su  gasto,  segtin  M&ximo  Gon- 
z^es  es  de  20  litros  por  segundo. 

4.  Las  qu^radas  de  La  Vieja  y  de  Las  Ddicias  nacen  en  los  cerros  situados  al  oriente 
de  Ghapinero.    Su  gasto,  segtin  M&ximo  Gonz&lez  es  de  15  litros  por  segundo. 

5w  El  Bio  San  Agus^rl. — ^Formado  de  las  quebradas  de  Manzanares  y  La  Pefia  que 
descienden  de  la  pitfte  occidental  del  Monserrate  y  son,  segtin  anilisiB,  las  mds  impuras. 
Su  gasto  es  de  12  litres  por  segundo,  segtin  Maximo  Gonz41ez. 

6.  Bio  Tunjuelo.—Al  Sur  de  la  dudad,  a  7  u  8  kil6metros,  con  un  gran  caudal  de 
aguas  relativamente,  Su  gasto,  segtin  A.  T.  Lefevre,  es  de  500  litros  por  segundo. 

Si  se  quisiera  hacer  uso  de  la  totalidad  de  las  aguas  que  bemos  visto  tendrlamos  un 
total  de  87,376,000  litros  en  las  24  boras  del  dia,  los  cuales  repartidos  entre  los  140,000 
habitantes  de  la  dudad,  le  corresponderla  a  cada  uno  la  cantidad  de  595.5  litros  por  dia, 
dfra  aprozimada  a  la  cantidad  de  que  disponen  hoy  dia  las  ciudades  americanas,  las 
mejores  provistas  de  aguas  en  el  mundo. 

En  cuanto  a  la  posibilidad  tunica  de  poder  aprovecharsedetodasestas  aguas,  basta 
recordar  que  los  espafioles  desde  1589  aprovechaban  parte  de  las  aguas  del  Arzobispo, 
San  Francisco,  San  Agustfn,  San  Ciistdbal,  asf  como  del  Tunjuelo  y  quebrada  del 
Soche,  las  cuales  eran  traidas  por  el  acueducto  Uamado  de  ''Los  Laureles,"  acueducto 
que  sufri6  dos  demunbes,  el  tiltimo  de  los  cuales  en  1755.  Desde  entoncee  fu^  aban- 
donado  este  trazado. 

CantitkiddeagtuinecesariaporhahitanUypo^  — EsttuKodeuruidislTibucidnhaciendo 
uso  del  San  Francisco  y  San  Cristdbal,  para  el  servicio  de  la  dudad, — Para  el  avaltio  de  la 
cantidad  de  agua  que  es  necesaria  en  las  ciudades,  se  ha  convenido  en  tomar  una 
unidad  Uamada  ''de  alimentaci6n  por  habitante  y  por  dia,"  aun  cuando  en  realidad  su 
nombre  no  es  exacto,  pues  hay  gastos  como  los  del  agua  para  los  jardines,  calles,  etc., 
que  no  son  propordonales  a  los  habitantes  de  las  pobladones.  De  acuerdo  con  eeta 
conv^ci6n  se  toman,  en  eeta  unidad,  las  necesidades  del  servicio  privado,  del  servicio 
publico  y  del  servicio  industrial. 

Para  el  servicio  privado,  Darcy  ha  estimado  que  una  cantidad  de  90  litros  es  sufidente 
para  la  totalidad  del  servicio,  aun  cuando  en  algunas  dudades  americanas  eeta  cantidad 
est&  hasta  duplicada. 

Para  el  servicio  ptiblico,  muy  descuidado  entre  noeotros  pues  en  este  servido  est6 
comprendido  el  lavado  de  las  plazas  de  mercado,  el  riego  de  las  calles  para  su  barrido  y 
aseo,  etc.,  que  actualmente  es  casi  nulo  por  no  tener  bocas  de  agua  en  las  calles,  estiman 
Tumeaure  y  Russell  que  una  cantidad  media  de  20  litros  seria  sufidente. 

Para  el  servicio  industrial  con  40  litros  seria  suficiente  pues  aun  cuando  Bogotd  no  es 
esendalmente  industrial,  sus  Mbricas  van  aumentando  dia  por  dia. 

En  total,  150  litroe  diaries  y  por  habitante,  cantidad  reconocida  por  los  higienistas 
modemos  franceses  e  ingleees  como  sufidente.  Ya  Darcy,  desde  1865  habia  esta- 
blecido  que  una  dudad  con  150  litros  por  habitante  y  por  dia  para  el  consumo  total 
podria  considerarse  como  Men  alimentada. 

Tenemos  a  la  vista  los  estudios  que  sobre  aforos  de  las  aguas  de  los  rios  de  San  Fran- 
cisco y  San  Cri6t6bal  efectu6  el  notable  ingeniero  Sefior  Doctor  Don  Pedro  Uribe  en  los 
alios  de  1907  y  1908 '  y  en  vista  de  ellos  es  nuestra  opini6n  que  con  s61o  las  aguas  de 
estos  dos  rios  se  puede  asegurar  el  servido  de  la  dudad  en  condidones  mejores  que  las 
de  muchas  dudades  europeas. 


1  **  Anales  de  Ingenierla." 
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Damoe  a  contmuacidn  un  cuadro  resumiendo  dichoB  aforos,  tomando  b61o  las  canti- 
dades  medianas  y  mfnimas,  promedios  de  las  observadones  diarias  efectuadas  durante 
11  meses. 

Cuadro  de  aforos  de  las  aguoM  del  Rio  San  Frandsoo  y  San  Cristdhal  en  11  mesee  de  o&ser- 
vad^  diariaj  deede  el  l^dejtUio  de  1907  hoita  el  SI  de  mayo  de  1908. 


Meses. 

Rio  San  Fran- 
dsoo. 

RloSanCdfto- 
baL 

Med. 

Min. 

Med. 

Min. 

1907. 
Julio , 

302 
805 
222 
210 
248 
239 

222 
128 
129 
143 
102 

216 
355 
177 
177 
189 
177 

152 
110 
112 
114 
131 

, 

Agosto 

Septiembre 

Octubre 

545 
553 
548 

287 
227 
291 
401 
628 

S33 

Novlembre 

397 

Dioiembre 

231 

1908. 
Enero 

213 

Pebrero 

168 

Marao 

160 

Abril 

244 

Mayo 

281 

Observaciones  que  dan  un  promedio  de  mfnimos  asf:  Para  San  Francisco  de  165 
litrosporsegundo;  para  San  Cristdbal  de  253  litros  por  segundo.  Los  que  dan  en  total 
418  litros  por  segundo. 

Estos  418  litros  por  segundo  serian  en  las  24  boras  del  dfa  36,115,200  litros,  los  cuales 
repartidos  entre  los  140,000  babitantes,  corresponderfan  para  cada  uno  229.3  litros. 

Y  bay  que  tener  en  cuenta  que  estos  dUculos  ban  sido  becbos  con  los  promedios  de 
los  mfnimos  mensuales,  es  decir,  que  los  229.3  litros  es  una  cantidad  minima,  y  que 
los  cdlculos  se  ban  becbo  en  las  condiciones  m^  desfavorables  para  la  ciudad. 

A  pesar  de  esto,  suponiendo  que  durante  los  afios  transcurridos  despu^  de  estos 
aforos,  baya  babido  una  disminuci6n  de  las  aguas,  y  que  por  efecto  de  infiltraciones, 
p^rdidas  al  entubar  las  aguas,  y  otras  causas,  disminuyeran  en  un  10  per ciento,  todavfa 
quedarfa  una  cantidad  de  32,503,680  litros  diaries,  o  sea  -paoA  cada  babitante  gSt 
litros  diarios. 

Para  llevar  los  c&lculos  a  un  rigor  extreme  y  no  cometer  el  error  observado  con  los 
dem^  servicios  urbanos,  de  no  tener  en  cuenta  el  aumento  de  la  pobladdn,  y  despu^ 
resultar  que  por  este  aumento  imprevisto  los  resultados  son  errados,  computemos  los 
32,503,680  litros  para  un  aumento  posible  de  la  poblaci6n  a  200,000  babitantes;  este 
aumento  de  60,000  babitantes  correspondeda  mis  o  menos  al  aumento  de  la  poblaci6n 
durante  el  tiempo  que  eerfa  neceeario  para  el  aislamiento,  despoblacidn  y  arbori- 
zaci6n  de  las  boyas  bidrogrdficas  de  dicbos  rfos,  tiempo  para  el  cual  los  efectos  de  ks 
trabajos  indicados  serfan  sensibles  basta  el  punto  de  que  mis  que  conservar  la  cantidad 
de  aguas  la  aumentarfan,  aunque  muy  lentamente.  Este  plazo  serfa  aproximada- 
mente  de  unos  12  afios.  De  mode  que  los  32,603,680  litros  diarios  repartidos  mitre 
los  200,000  babitantes  darfa  para  cada  uno  una  cantidad  de  16t  lUroSy  cantidad 
todavfa  superior  a  la  recomendada  por  los  bigienistas.  Es  decir,  que  durante  un 
perfodo  de  12  afios,  se  aseguraHa  el  servicio  de  aguas  de  la  ciudad  en  cuanto  a  su  can- 
tidad. 

Hemes  visto  que  podemos  disponer  de  una  cantidad  de  32,503,680  litros  dimoe; 
concretando  el  problema  a  las  circunstancias  actuales,  es  decir«  tomando  140,000 
babitantes  y  computando  la  cantidad  que  es  suficiente,  y  que  es  tambi^  reconocida 
como  tal  por  los  bigienistas,  o  sean  150  litros  diarios  y  por  babitante,  se  aecesita- 
rfan  para  la  actual  poblaci6n  21  millones  de  litros;  c(»no  disponemosde  8S,508,6iO 
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todavia  noB  sobrarlan  11,503,680  de  litros  Iob  ciiales  pueden  emplearae  al  servicio  de 
20  fuentes  pdblicas;  30  excusadoe  y  orinalee;  300  bocas  de  incendio  las  cualee  ser- 
viiian  al  mismo  tiempo  como  hidrantes  para  el  lavado  diario  de  las  calles  de  la  ciudad 
Gon  una  cantidad  de  agua  disponible  de  3  a  4  litros  por  metro  cuadrado  de  caUes  y 
parques. 

Es  pues,  un  hecho  demostrado  que  Bogota,  la  Capital  de  la  Hepublica,  dispone  de 
una  cantidad  de  aguas  para  su  abastecim lento  m&B  que  suficiente  parasus  necesidades. 

Hemes  hecho,  en  este  tiltimo  ddculo,  solamente  cuenta  de  las  aguas  del  Bio  San 
Francisco  y  del  San  Cristobal;  las  de  las  otras  fuentes  que  hemes  visto  poeee  el  Dis- 
trito  Capital,  fuera  de  servir  como  reserva  para  las  necesidades  futuras  de  la  poblaci6n, 
podr&n  tener  el  empleo  que  les  designaremos  en  la  segunda  parte  de  este  estudio,  es 
decir,  para  bafios  ptiblicoB,  lavaderos  ptiblicos,  etc. 

Antes  de  terminar  este  capltulo  debemos  dar  las  gracias  al  Gerente  de  la  Empresa 
del  Acueducto,  Doctor  Edmundo  Cervantes,  lo  mismo  que  aldistinguidoy  competente 
medico,  Doctor  Eliseo  Montafia,  quienes  galantemente  nos  ban  suministrado  vaUosi- 
simos  dates  para  estos  c41culos,  y  para  quienes  el  publico  debe  el  agradecimiento  que 
se  merecen  los  hombres  que  se  preocupan  por  el  saneamiento  de  la  poblaci6n. 

Depiuracidn  de  las  aguas  de alimentaci&n. — FUtraddny  empleode  los  rayos  vltravioletas, — 
La  ciudad  posee,  pues,  suficiente  cantidad  de  aguas  para  un  espl^ndido  servicio, 
y  tambi^n  para  las  necesidades  y  remedies  que  son  indispensables  emplear  para 
su  conservaci6n  y  aumento.  Tambi^n  hemes  visto  que  son  consideradas  como  tm- 
potables  y  que,  por  consiguiente,  para  poder  ser  empleadas  sin  riesgo  ni  peligro  es 
necesaria  su  perfecta  depuracu5n;  tal  es  el  objeto  del  presente  capltulo,  en  el  cual 
estudiaremos  un  sistema  de  depuraci(5n  y  filtraci6n  que  consideramos  como  m&B  con- 
veniente. 

La  aplicaci6n  de  los  rayos  ultra violetas  ^  a  la  depuraci6n  de  las  aguas  de  alimentaci6n 
es  la  tiltima  palabra  de  la  ciencia  sobre  asunto  tan  estudiado. 

Su  anterior  aplicaci6n  habla  tropezado  con  dificultades  de  orden  practice,  lo  que 
habla  side  causa  de  la  retardaci6n  de  su  empleo  en  las  instalaciones  municipales, 
pues  segtin  las  experiencias  de  Courmont  y  Nogier  las  aguas  para  ser  penetradas  por  los 
rayos  u.  v.  deben  ser  limpias  y  pobres  en  sustancias  coloides.  Por  otra  parte  la  acci6n 
de  los  rayos  emitidos  por  las  limparas  de  vapor  de  mercurio,  productoras  de  los  rayos, 
sobre  las  bacterias,  varla  con  la  distancia  a  que  se  encuentran  los  microbios.  Las 
experiencias  efectuadas  para  esterilizar  el  agua  que  contenfa  una  emulsidn  de 
bacilo  coli  (bacilo  encontrado  en  las  aguas  del  acueducto  de  Bogotd,  segdn  andliais 
del  Profesor  A.  Lleras,  empleando  ima  Idmpara  Westinghouse-Cooper-Hewitt  de  110 
voltios  dieron  los  resultados  siguientes:  300  segundos  de  exposici6n  a  una  distancia  de 
60  centimetres,  100  segundos  de  exposicidn  a  una  distancia  de  40  centimetros,  10 
segundos  de  exposici6n  a  una  distancia  de  20  centimetros,  4  segundos  de  exposici6n 
a  una  distancia  de  10  centimetres,  fraccidn  de  segu6do  de  exposici6n  a  una  distancia 
de  2  centimetres. 

Se  ve,  pues,  que  el  efecto  de  los  rayos  u.  v.  es  tanto  mds  active  sobre  los  microbios, 
cuanto  mds  cercana  es  su  acci6n  sobre  ellos. 

Estas  dos  causas  :  clarificaci6n  de  las  aguas  antes  de  la  aplicaci6n  de  los  rayos  y  la 
neceeidad  de  llevar  lo  mis  cerca  posible  la  acci6n  de  los  rayos  al  agua,  eran  las  dos 

1  Al  descomponer  la  luz  solar  por  medio  de  on  prisma,  se  observa  el  espectro  descompuesto  en  sus  7  colores 
componentes,  cuyos  extremos  son  el  roJo  y  el  rioleta;  pero  el  espectro  es  en  realidad  mAs  grande  de  lo  qne 
X)arece,  y  mas  aim  del  rojo  hay  radlaclones  llamadas  mfra-rojas,  y  mAs  allA  del  vloleta  exlsten  las  radia- 
ciones  llamadas  vUra-violftas.  ambas  imperceptlbles  para  la  vista  humana,  pero  estas  tSltimas  capaces  de 
imprtf^onar  las  plac&s  fbtografloas  y  volver  luminosos  algmios  cuerpos.  La  actividad  quimica  de  fas  rayos 
ultravioletas  (los  cuales  de  ahora  en  adelante  llamaremos  simplemente  rayos  u.  v.)  es  muy  Intensa  y  sos 
propiedades  maravillosas,  constituvendo  la  mAs  importante  de  todas  la  destrucci<^n  de  los  microbios.  con 
h  circunstancia  de  que  so  inflaencia  puede  ejerceise  sobre  las  bacterias  del  agua  y  de  la  leche  sin  adicidn 
de  materias  ni  modincaci6n  del  medio  que  las  contiene;  no  hay,  pues,  que  temer  el  cambio  del  aspecto  o  del 
gusto  del  producto  tratado,  ni  la  provisidn  de  sustancias  tdxicas  para  el  hombre,  que  pueden  quedar  en  la 
sustancla  tratada,  con  el  empleo  de  sastandas  quimicas  para  su  esterilizacidn.  La  produccfon  artificial 
de  los  rayos  u.  v.  se  obtiene  por  medio  de  las  lamparas  de  cuarzo  y  mercurio. 


68436— 17— VOL  vi- 


Digitized  by  VjOOQIC 


550       PBOGEEDIHOB  SECOND  PAK  AMEBIOAN  8CIEKTIFI0  OOKGBBSS. 

piincipales  cauBBs  de  su  dilicil  aplicaci6n  anterior,  lo  que  habia  hecho  que  el  onpleo 
de  esta  clase  de  filtroe  se  limitara  para  las  necesidades  dom^sticas.  Hoy  dia  eetoB 
inconvenientes  ban  aido  vencidoe  y  su  aplicaddn  para  grandes  cantidades  de  agua 
ha  dado  tan  admirables  resultados,  que  se  ha  visto  el  caso,  como  el  sucedido  en  las 
instalaciones  de  Maromme-les-Rouen,  en  Francia,  que  purifica  diaiiamente  600,000 
litros  de  agua  por  eete  sistema,  y  vende  sus  productos  embotellados  como  agua  de 
mesa  (eau  de  ts^le). 

Las  primeras  aplicaciones  se  limitaron,  como  hemes  dicho,  a  los  usos  dom^sticos; 
poco  despu^s  era  aplicado  este  sistema  en  mayor  escala  como  el  establecido  en  Mi^ 
rruecos  por  el  m^co  Tauton,  para  un  gasto  de  700  litros  por  bora;  luego  la  Compafi^ 
de  Ferrocarriles  del  Norte,  en  Francia,  instalaba  en  la  Estacidn  del  Norte,  en  Paris 
un  filtro  de  este  sistema  para  un  gasto  de  600  litros  por  bora. 

En  fin,  despu^  de  2  afios,  las  radiaciones  ultravioletas  ban  comenzado  a  aplicarse 
en  Francia  para  instalaciones  municipales  de  importancia,  como  en  la  anteriormente 
citada  de  Maromme,  para  un  gasto  de  600,000  litros  por  dia;  Isle-sur-Soige,  con  1,000,000 
de  litros;  Saint  Male,  con  1,680,000,  y  sobre  todo  la  dltimamente  instalada,  y  tambi^ 
la  mis  importante  de  Francia,  la  instalaci6n  de  Luneville,  la  cual  asegura  cotidiana- 
mente  un  gasto  dlario  de  7,500  metros  ctibicos  de  agua,  o  sean  7,500,000  de  litros, 
confirmando  con  sus  buenos  resultados  que  el  sistema  es  serio  y  de  una  aplicacidn 
verdaderamente  pr&ctica. 

Toda  la  teorfa  de  este  sistema  se  reduce  a  lo  siguiente:  despu^s  de  filtrada  el  agua  se 
hace  pasar  lo  mis  cerca  posible  de  una  limpara  productora  de  rayos  n.  v.  E^stas  l&mpa- 
ras  son  de  cuarzo  y  se  colocan  dentro  de  una  cimara  cuyas  paredes  son  tambidn  de 
vidiios  de  cuarzo;  el  agua  es  obligada  a  pasar  varias  voces  cerca  de  la  l&mpara  por 
medio  de  una  dispoaici6n  de  obsticidos  para  exponerla  el  mayor  tiempo  posible  a  la 
acci6n  de  los  rayos  u.  t. 

Los  filtros  empleados  para  la  primera  purificacidn  del  agua  pueden  ser  del  tipo  or- 
dinario  que  trabajan  por  la  gravedad  del  agua,  es  decir,  capas  de  cascajo  y  arena 
de  diferentes  gruesos,  que  atraviesa  el  agua  de  acuerdo  con  determinadas  condiciones 
que  veremos  luego. 

La  objeci6n  que  a  primera  vista  se  presenta  para  este  sistema  de  depuraci6n  de 
aguas  es  la  de  que  si  es  necesario  el  empleo  de  filtros,  esti  por  demis  el  empleo  de  los 
rayos  u.  v.;  se  desvanece  ripidamente  esta  idea  al  recordar  que  los  mejores  filtros, 
ya  sean  de  procedimientos  mecinicos,  fisicos,  qufmicos  o  mixtos,  s61o  alcanzan  a  puri- 
ficar  el  agua  en  un  80  u  85  por  ciento  de  las  impurezas  que  contiene,  siendo  el  20  o  15 
por  ciento  restante  precisamente  formado  por  las  impurezas  mis  pequefias  y  mis 
nocivas  y  que  son  los  micro-organismos  y  microbios  muchos  de  ellos  causa  de  las 
enfermedades. 

Tal  es  el  sistema  de  depuracidn  de  las  aguas  que  proponemos  para  la  ciudad  de 
Bogoti,  en  la  forma  y  sobre  las  bases  siguientes: 

Para  la  primera  purificaci6n  del  agua  el  mejor  sLstema  y  el  mis  prictico  y  sencillo  en 
su  constnicci6n,  es  el  sistema  ingles  o  de  filtros  de  arena.  Las  reglas  pricticas  de- 
ducidas  para  esta  clase  de  filtros  establecen  las  dimensiones  siguientes:  capa  de  arena 
fina  lavada,  0.50;  Arena  gniesa  lavada,  0.10;  cascajo  ordinario  lavado,  0.15;  cascajo 
gnieso  lavado  y  puesto  a  mano  sobre  dos  filas  de  ladrillos  superpuestos,  0.25. 

Viene  en  seguida  el  colector  que  conduce  el  agua  al  exterior. 

Para  el  espesor  que  hemes  indicado  de  las  capas  de  arena  y  cascajo  hemes  tenido 
en  cuenta  los  principios  de  Darcy  por  los  cuales  se  deduce  que  el  resultado  de- 
pende  de  la  altura  de  las  capas  porosasy  de  la  finura  de  los  granos,  y  que  "lo  que  se 
gana  en  velocidad  se  pierde  en  eficacia, "  lo  mismo  que,  "el  gasto  es  proporcional  a 
la  pre8i6n,  y  en  raz6n  inversa  del  espesor  de  las  capas  del  filtro. " 

Tambi^n  hemes  tenido  en  cuenta  las  dimensiones  para  que  la  velocidad  defiltracidn 
sea  d^bil,  es  decir,  que  la  canttdad  de  agua  despachada  en  24  boras,  y  por  metro 
cuadrado  de  superfide  filtrante,  no  pase  de  loe  llmites  establecidos  (5  a  6  metrot 
cdbicos,  Reglas  de  Puech-Chabal). 
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Esta  veloddad  debe  ser  lo  m^  constante  posible.  Esta  constancla  de  velocidad 
86  obtiene  por  medio  de  im  aparato  regulador  autonii&tico.  Noeotros  acoDBejamos  el 
indicado  en  la  figura,  dstema  Didelon  &  Gia.,  cuyo  fimcionamiento  es  el  aigmente: 

El  dstema  est4  compuesto  de  un  dfdn  cuyo  brazo  de  salida  lleva  una  cubeta  C  por 
donde  sale  el  agua  filtrada.  Un  flotador  F  estd  unido  al  sif6n  de  tal  manera  que  este 
dltimo  sigue  las  variaciones  de  nivel  que  se  establecen  en  el  dep^sito  B,  a  donde  Uega 
el  agua  filtarada.  La  cubeta  C  est4  fija  al  brazo  del  8if6n;  la  altura  h  entre  el  nivel  del 
agua  dentro  del  dep6sito  £  y  el  borde  de  la  cubeta  C  es  siempre  el  mismo.  Esta  altura 
h  establece  la  diferencia  de  presi6n  bajo  la  cual  se  establece  la  salida  del  agua,  y  como 
esta  altura  permanece  constante,  el  gasto  es  tambi^n  igualmente  constante.  Este 
gasto  se  regula  fijando  la  p08ici6n  del  sif6n  con  relaci6n  al  flotador. 

En  cuanto  a  las  dimensiones  del  filtro,  se  calculan  f^ilmente  sabiendo  que  el  gasto 
total  del  agua  de  los  Rioe  San  Francisco  y  San  Cristobal  es  de  36,115  metros  ctibicos, 
y  como  la  velocidad  de  circulaci6n  del  agua  en  los  filtros  no  debe  pasar  de  6  metros 
cdbicos  en  24  horas  por  cada  metro  de  superficie,  se  necedta,  pues,una  superficie  fil  trante 
de  6,019.2  metros  cuadrados.  Los  autores  recomiendan,  con  fundada  raz6n,  dividir  el 
depute  fil  trante  en  dos  compartimentos  con  el  objeto  de  poderlos  limpiar  uno  de^u^ 
del  otro,  mientras  uno  siempre 


trabaja  por  lo  menos,  o 
para  contrarrestar  ciertas  cir- 
cunstancias  imprevistas  de 
obstruccidn  de  uno  de  los 
filtros. 

Una  vez  salida  el  agua  de 
loe  filtros  de  arena,  por  los 
colectores,  entra  bajo  la 
acci6n  de  los  rayos  u.  v.  en 
la  sala  de  esterilizaci6n,  de 
acuerdo  con  las  indicaciones 
siguientes: 

El  aparato  de  loe  rayos 
u.  V.  se  compone  de  un  con- 
ducto  rectangular  en  donde 
se  encuentran  dispuestas 
convenientemente  las  Ulm- 
paras  de  cuarzo,  fijadas  en 

el  centro  del  conducto,  y  piotegidas  del  contacto  del  agua  por  medio  de  globes  de 
cuarzo  de  1  mill  metro  de  espesor.  Estas  Idmparas  pueden  ser  de  la  casa  The  West- 
ingbouse-Cooper-Hewitt  Co.,  Ltd.,  11  rue  du  Pont,  Suresne,  cerca  de  Paris,  cons- 
tructora  de  toda  clase  de  esterilizadores  de  agua  por  el  sistema  de  rayos  u.  v.  Sus 
Ulmparas  consumen  de  2.8  a  3  amperios  bajo  510  voltios.  Su  duraci6n  fotom^trica  dtil 
alcanza  hasta  3,000  horas  sin  que  su  poder  bacterioldgico  se  reduzca  sensiblemente. 
La  mejor  conexi6n  para  las  limparas  es  en  serie. 

Vimos  al  prindpio  de  este  capf  tulo  la  distancia  y  el  tiempo  de  acci6n  de  los  rayos 
u.  V.  sobre  el  agua  para  que  produzcan  sus  efectos  destructores;  de  acuerdo  con  estas 
indicaciones  se  ban  fijado  las  siguientes  condiciones  para  el  paso  del  agua: 

1.  La  velocidad  del  a^a  dentro  del  conducto  de  esterilizaci6n  debe  ser  calculada 
para  que  no  sea  mayor  de  dos  decimetros  por  segundo. 

2.  La  disposicidn  interior  del  condacto  debe  de  ser  tal  que  las  mol^culas  de  agua  no 
pasen  a  una  distancia  mayor  de  dos  decf metros  de  las  fuentes  luminosas. 

En  el  case  que  estamos  estudiando  el  gasto  de  agua  por  segundo  es  de  418  litres,  y 
siendo  su  velocidad  de  2  decimetres  por  segundo,  es  fdcil  hallar  el  &rea  de  la  secci6n 
correspondiente. 
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Suponiendo — para  obtener  numeros  redondos,  y  para  que  la  8ecci6n  del  conducto 
no  sea  exactatnente  igual  para  el  ndmero  de  Htros-que  el  gasto  m)  sea  de  418  duo  de  420 
litres,  tendremos: 

Q=SV, 

aiendo  Q  el  gasto  en  litres,  S  la  8ecci6n  en  decf  metros  cuadrados,  y  F  la  velocidad 
tambi<^  en  decf  metros  por  segundo;  reemplazando  valores  tendremos: 

420=S2 


420 


=S=210  decfmetros  cuadrados 


de  donde,  S=14.5  x  14.5  decimetres,  o  lo  qne  es  lo  mismo  la 
seccion  del  conducto  eeterilizador  debe  tener  por  lado  una  longitud  de  1.45  metros, 

Colocando  las  Idmparas  de  cuarzo  en  el  centre  de  la  seccidn,  a  distancias  iguales  de 
un  metro,  y  entre  los  intervales  libres  que  forman  obst^ulos  para  obligar  a  las  mol6» 
culas  de  agua  que  van  contra  las  paredes  del  conducto  y  por  consiguiente  las  mis 
alejadas  de  la  acci6n  luminosa  de  las  Idmparas,  a  ser  arrojadas  sobre  las  Idmparas  y 
obligarlas  a  que  todas  pasen  en  contacto  con  las  Umparas. 

Dando  al  conducto  una  longitud  de  11  metros  se  podrin  colocar  10  limparas,  de 
mode  que  una  mol^ula  de  agua,  a  la  velocidad  de  0.10  por  s^undo,  empleari  50 
s^undos  en  atravesar  el  conducto  eeterilizador,  tiempo  suficiente  para  el  objeto  que 




A 

•-■;^^^■•-■^■.^:v-.:■:■vl^,;,i;.-:>^^=;^:ii^v1 

&^mmiiM^U 

[sBi^tscIss 

»>:»-»»•  y.y -ft  k\- 


Oroquis  Esquerndtiro  del  Plan  General  de  la  iTistaladdn. 

A,  Capa  de  agua  de  los  flltros. 

B,  Capas  de  arena  y  cascajo  de  dlferentes  gruesos. 

C,  Colectores  del  agiia  flitrada. 

D,  Regulador  de  la  sallda  del  agua  de  la  casa  Dfdelon  &  Gia. 

E,  CAmara  de  esteriliEaci6n  donde  estin  las  Umparas  productoras  do  rayos  u.  v.  y  de  la  casa  The 
Westlnghouse-Cooper-IIewitt. 

F,  Salida  del  agua  para  los  dep6sitos  o  conducios  de  distrlbuddn. 

nos  proponemos  si  se  tiene  en  cuenta  el  cuadro  de  eficacia  de  los  rayos  u.  v.  en  funci6n 
de  la  distancia  y  del  tiempo,  que  hemos  xisto  al  principio  de  este  capftulo. 

En  cuanto  al  cdlculo  del  consume  de  energla  el6ctrica  por  metro  c6bico  de  agua 
esterilizada,  hav  que  tener  en  cuenta  los  dates  siguientes:  cada  Idmpara  consume 
aproximadamente  1,500  wattios  por  hora,  o  sean  15  kilowattios  para  las  10  Idmparas. 
Para  el  gasto  de  36,115  metros  ciibicos  por  dla,  o  sean,  1,504  por  hora,  corresponderi 
para  cada  metro  cdbico  de  agua  esterilizada  un  gasto  de  9.9  wattios-hora. 

El  suminietro  de  esta  energfa  puede  conseguirse  de  la  Compafifa  de  Energfa  El^- 
trica,  y  para  los  dfas  feriados  y  horas  en  que  no  viene  energfa  para  la  ciudad,  se  puede 
hacer  use  de  acumuladores  convenientemente  calculados. 

Hemos  hecho  los  cdlculos  con  10  Idmparas  para  el  case  mds  desventajoso,  o  sea,  de 
mayor  impureza  de  las  aguas  o  muy  turbia  come  despu^s  de  un  fuerte  aguacero;  en 
estado  normal,  s61o  podrfan  emplearse  5  6  6  Umparas  convenientemente  distanciadas. 

GRIN  ALES  Y  EXCU8AD08  PIJbLICOS. 

Necesidad  de  los  excusados  y  orinales  piiblicos. — Dijimos  que  ima  de  las  causas  de 

que  el  agua  que  llega  a  los  tanques  actuales  del  acueducto  est^  completamente 

?ia  e  impura  en  todo  sentido,  es  la  falta  de  orinales  y  excusados  ptSblicos,  en  las 
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inmediaciones  de  eaos  sLtioB,  que  preeteii  el  servicio  que  exigen  imperiosamente  las 
neceaidadee  cxecieiitee  de  Ia  poblacidn. 

Y  eata  neceaidad  se  hace  extenaiva  no  86I0  a  las  iiimediaciones  del  acueducio,  auao 
tambi^  qdl  los  arrabales  de  la  ciudad,  ^1  las  inmediacioiies  de  los  aatiguoe  couees 
deacubiartos  de  los  BXos  de  SaA  Fraacisco,  San  Agustin  y  Quebrada  de  San  Juanito, 
barrios  obseros,  y  en  general  en  el  centro  de  la  ciudad,  en  los  sitios  mis  congestionadoa 
de  gente,  como  las  plazas  de  mercado,  etc. 

Siendo  el  polvo  formado  por  los  detritus  oig&nicos  descompuestos  una  de  las  cauaas 
de  la  alteracidn  del  aire  puro  y  origen  por  consiguiente  de  enfermedades,  a  nadie  se  le 
escapa  su  importaocia  y  sobre  todo  su  neceaidad  entre  nosotros. 

La  eleccidn  del  sitio  para  los  excusadoe  y  ortnales  debe  ser  el  objeto  de  un  eetudio 
cuidadoso  y  especial,  ya  que  en  la  mayorla  de  los  cases  pudiendo  ser  un  motive 
decorativo,  pueden  ccmvertirse  en  elementos  que  afeen  les  sitios  en  donde  se  hallan 
colocados.  Para  Uenar  su  objeto  debe  de  teaerae  en  cuenta,  entre  otras  cosas,  que 
sus  formas  sean  uniformes  guardando  un  caricter  general  y  que  mi  po6ici6n  no  sea 
un  motive  de  estorbo  para  las  construcciones,  almacenes,  etc.,  de  sus  imme- 
diaciones. 

La  tendencia  general  en  las  ciudades  es  la  de  construir  los  reservados  en  el  subsuelo 
coo  k)  cual  se  evitan  todos  los  inconvenieates  de  eat^ca  y  se  aatisfacen  mejor  lo? 
principios  de  higiene  y  de  la  moral  ptiblica.  En  este  sentido  Londres  y  Berlin  es- 
tin  a  la  cabeza  de  las  dem4s  ciudades  europeas  por  el  ^'confort"  de  bus  reservados, 
dando  el  ejemplo  a  Paris,  cuyos  oiinales,  aun  cuando  mis  numerosos  que  en  Londres, 
no  se  puede  negar  que  afean  y  estorban  las  avenidas  y  bulevares.  Entre  nosotros, 
que  por  ahora  no  podemos  tenerlos  bajo  el  subsuelo,  debemos  hacer  un  esfuerzo  para 
tenerlos,  aunque  descubiertos,  en  las  mejores  condiciones  posibles  y  para  los  cuales 
proponemos  los  proyectos  siguientes. 

Di/erentea  closes  y  sistemas  adaptabUs  para  Bogotd. — Los  orinales  pueden  ser  de  tres 
claaes: 

1.  Arrimados  a  muros,  libres  o  con  pantalla; 

2.  Independientes  fonnando  kioscos,  libres  o  con.pantalla;  y 

3.  En  combinaci6n  con  excusados. 

En  nuestro  caso  no  se  podria  aconsejar  el  uso  de  uno  de  los  modelos  indicados  en 
los  tres  casos  anteriores,  y  lo  mis  conveniente  seri  emplear,  segdn  los  sitios  y  circuns- 
tancias,  el  que  mis  convenga. 

Para  la  primera  clasificaci6n,  o  sea,  airimados  a  los  muros,  libres  o  con  pantalla, 
pueden  tomarse  como  modelos  los  indicados  en  las  figuras  ^  que  damos  a  continuacidQ 
ambos  cubiertos.  Estos  modelos,  mis  bien  lujosos,  servirian  para  colocarlos  en  las 
partes  centrales  de  la  ciudad.  El  modelo  de  la  primera  figura  esti  adosado  a  la 
veija  de  un  parque  y  por  dentro.  El  depdsito  de  agua  es  de  vaciado  automitico  y 
intervales  regulares. 

Mis  recomendables  que  los  modelos  anteriores  son  los  de  tipo  de  kiosco  con  pan- 
talla  y  orinal  libre  los  cuales  son  menos  costosos.  Los  del  tipo  libre  pueden  emplearse 
para  las  afueras  de  la  ciudad  y  los  cubiertos  con  pantalla,  modelo  adoptado  por  la 
ciudad  de  Paris,  pueden  colocarse  en  cualquier  aitio  pdblico.  Creemos  que  imos 
veinte,  repartidos  convenientemente  en  toda  la  ciudad,  serian  un  ntimero  muy  sufici- 
ente  para  la  pohlaci6n. 

Dentro  de  cada  uno  de  los  kioscos  o  por  fuera  de  ellos  en  los  descubiertos  se  colo- 
caria  im  foco  de  luz  el^trica.  Una  de  las  ventajas  que  se  pueden  derivar  de  esta 
clase  de  kioscos  es  la  de  que  al  mismo  tiempo  se  puede  utilizar  el  espacio  de  en  medio 
como  dep66ito  que  puede  servir  para  guardar  los  dtiles  de  que  se  sirven  los  barren- 
deros  de  las  calles,  como  escobas,  garlanchas,  etc.  Tambi^n  puede  el  municipio 
derivar  una  pequefia  renta  de  estos  kioscos  con  el  pago  del  derecho  a  la  colocaci6n 
de  avisos  en  las  paredes  de  los  mismos  kioscos. 

1  £1  autor  describe  en  el  proyeoto  una  figura  que  ha  sido  omitlda. 
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Los  inconvenientes  del  nud  olor  que  pudieran  deepedir  estos  oiinalee,  paeden  Mcil- 
mente  corregirae  empleando  en  cada  imo  de  elloe  loa  sifones  constniidoe  por  la  casa 
Queneau  Fr^ree  de  Parfs. 

La  ventaja  mayor  de  eetoe  sifoneB,  fuera  de  la  de  impedir  el  paso  de  loa  maloe  olores, 
es  la  gran  economfa  en  agua  que  puede  realizarse  con  su  empleo.  Contienen  estoe 
sifones  una  cierta  cantidad  de  aceite,el  cual,  por  la  menor  densidad,  pennanece 
siempre  en  la  parte  superior  del  sif6n,  cerrando  asf  el  paso  a  toda  emanacidn  desa- 
gradable.  Son  fdcilmente  desarmables  para  su  aseo,  y  la  economfa  de  agua  que 
puede  hacerse  con  ellos  es  tan  apredable  que  en  Parfs,  para  cada  tree  de  elloe  de 
gastaban  anualmente  700  a  1,000  francos,  en  agua,  gasto  que,  con  el  empleo  de  estoe 
sifones  ha  quedado  reducido  a  16.50  francos  empleadoe  en  aceite,  prindpal- 
mente. 

Kioscoi  para  exeusados  pHhUcot  en  oombinad6n  can  crinalu  y  *'lavabo8,*'  o  tin  ellos. — 
Las  instalaciones  de  los  excusados  pueden  ser  de  dos  clases:  con  ta2sa8  de  porcelana  y 
con  tazas  del  sistema  Uamado  "a  la  turea,*' 

Este  tiltdmo  sistema  indicado  se  debe  emplear  para  los  excusados  de  los  arrabales 
de  la  poblaci6n  y  en  general  para  el  uso  del  pueblo.  Son  tambi^  para  ser  lavados 
con  dep6dtos  de  vaciado  automdtico  y  por  regaderas  llamadas  ''cola  de  carpa."  * 
Hay  Tambi6n  un  bonito  modelo'  para  excusado  y  orinales,  muy  sendllo  y  relativa- 
mente  de  muy  poco  costo. 

KioBCOS  exmsados  para  tefUmu  y  oadaZImM.— En  cuanto  a  los  kioscos  para  sefloraa 
y  para  caballeros  pueden  colocarse  en  edificioe  independientes  o  en  uno  solo.* 

Tanto  en  ^etos  como  en  los  anteriormente  descritos  se  hace  indispensable  la  pre- 
sencia  de  un  o  una  vigilante  cuyos  honorarios  se  pagarlan  con  el  valor  del  derecho 
al  uso  del  excusado,  el  cual  puede  ser  de  fO.Ol,  $0.02,  a  $0.05,  o  $0.10. 

Los  sitios  mis  apropiados  para  la  colocacibn  de  estos  excusados  y  orinales  serfan 
los  parques,  plazas,  edificios  del  gobiemo  o  del  municipio. 

En  el  centro  de  la  ciudad,  los  sitios  en  donde  m^  convendrfa  poner,  seria:  En  la 
Plaza  de  Armas,  Plaza  de  Ayacucho,  Capitolio  Nacional,  Parque  de  Bolfvar,  Parque 
de  Santander,  Plaza  de  Oaldas,  Parque  del  Oentenario,  Boeque  de  la  Independenda, 
El  Gementerio,  Plaza  de  Bavaria,  plazas  de  mercado,  el  Matadero,  Parque  de  los 
Mirtires,  Estadones  de  Ferrocaml,  Edificio  de  Santo  Domingo,  Plaza  de  Egipto; 
Paseo  Bolfvar,  en  la  Pefia,  Avenida  de  la  Alameda,  etc. 

Cuidado  y  vtffUanda  de  la  polida, — Falta  agregar  que  las  autoridades  correspon- 
dientee  deben  dictar  las  ordenanzas  y  disposiciones  del  caso  de  acuerdo  con  las  necesi- 
dades,  las  cuales  deben  ser  fijadas  en  lugar  visible  en  cada  uno  de  estos  kioscos,  y 
cuyo  cumplimiento  y  vigilancia  es  del  cuidado  inmediato  de  la  policfa  y  de  la  Junta 
G^tral  de  Higiene. 

Ya  vimos  en  el  estudio  del  capftulo  anterior,  que  de  acuerdo  con  el  proyecto  que 
sefialamos,  la  ciudad  dispondrfa  de  agua  sufidente,  en  toda  6poca,  para  su  servido. 

BAftOS  P^BUCOB. 

Bafios  pdblicos  y  lavado  de  lae  aUxmtarilUu. —Todo  el  mundo  estd  de  acuerdo  con  la 
idea  de  que  el  aseo  conduce  a  la  sanidad.  Se  puede  decir,  sin  exagerad6n,  que  los 
bafios  responden  a  una  necesidad  imperiosa  y  son  indispensables  desde  el  punto  de 
vista  de  la  higiene  pdblica.    Su  creaci6n  se  impone,  pues,  en  Bogotd. 

El  uso  de  los  bafios  pdblicos  se  remonta  a  los  pueblos  de  mayor  antigfkedad,  quienes 
lo  empleaban  por  aseo,  por  placer  o  por  observanda  de  los  preceptos  religiosoe. 

1  El  aator  describe  en  una  flgora  omltJda  on  proyeoto  combJnado  de  ezoosados  y  orinales  pAblioos,  el 
coal  tiene  ademAs  lavabos.  Tambl^  el  proyeoto  puede  ser  sdlo  de  excusados,  el  eual  es  laia  seodDo^ 
menos  oostoso  y  los  excusados  estto  adosados  al  mlsmo  mnro  y  sdlo  es  necesario  un  8lf6n. 

>  En  la  flgura  omltlda  describe  el  autor  la  eleyaddn,  el  oorte  y  el  piano  de  un  tlpo  de  Uosko  para  on 
excusado  y  dos  orinales. 

•  El  autor  describe  en  la  flgura  oorrespondlentey  que  fti6  omMda,  un  ttpo  de  klosko  oomblnado  e  inde- 
pendlente  para  excusados  deseOoras  y  de  caballeros. 
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Los  griegos  y  romanoe,  maestros  en  la  cienda  de  la  higene  pdblica,  hacfan  de  elloe 
uso  diario;  por  confiiguiente  no  es  de  admirar  que  en  tiempo  del  Emperador  Constan- 
tino, Roma  contara  con  856  bafioe  pdblicos  de  extraordinario  lujo  y  constnicciones 
vast  fsi  mas. 

Aprovechando  las  aguas  del  Rfo  del  Arzobispo,  hemes  proyectado  la  instalaci6n  que 
veremos  con  la  circunstancia  de  que  con  su  empleo  se  puede  llenar  otro  de  capltalfaima 
importancia  para  el  saneamiento  de  la  pob1aci6n:  el  lavado  diario  de  las  alcantarillas. 

Los  bafios  ann  cuando  se  dividen  en  varias  clases,  noaotros  aconsejaiiamos  la  com- 
binaci6n  de  los  de  agua  caliente  en  tinas  y  los  de  piscina  de  nataci6n.  Ademi&s  en 
nuestro  proyecto  estd  estudiado  para  seiioras  y  caballeros  en  un  mismo  edificio,  pero 
completamente  independientee. 

Aprovechando  las  aguas  del  Rfo  del  ArzobispOy  como  hemes  dicho,  o  sean  20  litroa 
por  segundo,  se  podrlan  constniir  doe  piscinas  de  nataci6n  cuyo  volumen  en  litroe 
fuera  equivalente  a  la  cantidad  que  pudiera  almacenarse  de  las  5  de  la  tarde  a  las  6  de 
la  mafiana  del  dla  siguiente,  o  sean  trece  horas.  De  mode  que  esta  cantidad  en  Utros 
y  en  metres  clibicos  seria  la  siguiente: 

60  sX60  mXlSh  =46,800  segundos, 
46,800  BX20  litro6=>936,000  litros, 
0  sean,  936  metres  cdbicos. 

Tal  ee  la  capacidad  que  deben  tener  las  dos  piscinas  juntas. 

Teniendo  cada  piscina  una  superficie  de  20  por  10  metros  de  lado,  y  un  fondo  de 
un  metro  en  su  parte  inferior,  para  ir  aumentando  hasta  3  metros  de  profundidad, 
se  completarfan  los  936  metros  cdbicos. 

Las  piscinas  se  vacfan  todos  los  dfas  a  las  5  de  la  tarde,  hora  hasta  la  cual  habri 
servicio  de  bafios,  para  el  lavado  de  las  alcantarillas,  y  estarin  Uenas  a  las  6  de  la  mafiana 
del  dfa  siguiente,  hora  que  comienza  el  servicio  para  el  pdblico.  Durante  todo  el  resto 
del  dfa  tendr^  el  agua  corriente. 

El  municipio  podrd  cobrar  un  derecho  de  $0.15  por  bafiista,  con  derecho  sdlo  a  la 
sala  comtin;  $0.20  a  los  que  tomen  cuarto  reservado;  y  $0.30  por  los  bafios  calientes 
de  tina. 

Este  edificio  de  bafios,  fuera  de  su  necesidad  higi^nica,  serfa  un  lugar  de  recreaci6n 
y  placer. 

LAVADBR08  P^BLICOS  MUNICIFALBS. 

Otra  de  las  necesidadee  de  la  poblaci6n,  en  nuestros  dfas,  es  el  establecimiento  de  un 
servicio  ordenado  de  lavaderos  pdblicos.  Su  necesidad  es  reconocida  por  todo  mundo 
y  con  un  buen  servicio  se  evitarfan  muchos  contagios,  fuera  de  los  inconvenientes  que 
encuentran  las  lavanderas  para  ob tener  agua  en  6pocas  de  verano.  Con  la  canalizaci6n 
completa  de  los  Rfos  San  Francisco  y  San  Agustfn  y  el  empleo  fntegro  de  las  aguas  de 
dichos  rfos  para  los  servicios  del  acueducto,  la  mayorfa  de  la  gente  pobre  no  tendri4 
donde  lavar.    Es  pu6s  justo  y  de  necesidad  higi6nica  eetablecer  su  servicio. 

En  el  proyecto^  est&n  separados  unos  de  otros  los  lavaderos  para  evitar  ciertos  in- 
convenientes; cada  uno  de  ellos  tiene  su  llave  propia  de  agua  limpia  y  el  desagtle, 
que  se  hace  al  cafio  central,  sirve  para  el  aseo  de  los  dos  excusados  de  los  extremes.  Un 
cuidandero  recaudador  del  derecho  de  entrada  tiene  sus  habitaciones  en  el  mismo  local. 
El  valor  del  derecho  de  lavado  puede  ser  de  $0.04  el  dfa  complete  o  $0.2  el  medio  dfa. 
Estapequefiarenta  del  municipio  servir&  para  cubrir  los  gastos  correspondientes,  asf 
como  el  sueldo  del  cuidandero. 

Doe  o  tres  edificiosde  estaclase,  convenientemente  repartidos,  llenarfan  un  vacfo  que 
desde  largo  tiemi>o  se  hace  sentir  en  la  i>oblaci6n. 

En  el  proyecto  de  abasto  para  el  acueducto  que  henK>s  visto  anteriormente,  estd  com- 
prendido  este  servicio;  su  gasto  de  aguas  s^  permanente  aun  en  6pocas  de  fuerte 
verano. 


lOmitida 
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Proyeeto  de  edUfloio  pftra  bafios,  oon  plsdiiaa  de  nataddn  y  tinas  de  agoa  ealiente  pan  sefloras  y 

oaballeroB. 


A.  Bntrada.  • 

B.  Ofldna. 

C.  Salas  de  espera. 

D.  Ropeda  y  slrvieDtes. 

E.  Excosados  y  orioales. 

F.  Vestoario  comtln  para  hombrfs. 
O.  Vestoarlo  reseirado  para  hombres. 


H.  Vestaario  resQiTado  para  seftoriB. 

I.  Tinas  para  oaballeroe. 

J.  Tinas  para  se&OTBS. 

K.  Estulas  de  agua  ealiente. 

L.  Restaurante. 

M.  Terrado  del  restaurante. 
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The  Chairman.  I  would  like  to  comm^id  the  preparation  of 
that  paper  to  some  of  our  American  engineers.  That  paper  was 
gotten  up  to  be  read  and  to  be  digested.  It  is  a  great  credit  to  the 
man  who  wrote  it. 

Now,  we  have  a  paper  on  the  sanitation  of  Guayaquil,  in  Ek)uador, 
by  Seftor  Francisco  Manrique.  We  are  very  glad  to  welcome  Seflor 
Manrique. 

Seflor  Francisco  Manrique.  I  am  very  sorry  to  read  you  these 
notes,  after  hearing  your  important  papers.  This  has  little  value 
as  a  scientific  question,  but  it  is  of  great  importance  for  the  com- 
mercial trade  between  North  America  and  South  America,  especially 
as  to  keeping  the  Canal  2iOne  sanitary. 


ALGO  SOBRE  SANEAMIENTO  DE  GUAYAQUIL,  ECUADOR. 

For  FRANCISCO  MANRIQUE, 

Ex-Director  General  de  Obras  Pilblicas  de  Ecuador, 

La  ciudad  de  Guayaquil  aituada  a  orillas  del  Rio  Guayas,  a  50  kil6metro6  del  mar, 
ee  UBO  de  los  puertos  mifl  importantes  del  Pacifico,  en  Sud  America  y  el  de  mayor 
movimiento  en  la  Reptiblica  del  Ekniador. 

La  superficie  ocupada  por  la  ciudad  es  de  380  hectireas  y  su  poblaci6n  ee  aproxima- 
damente  de  75,000  habitantee. 

El  clima  ee  benig:no  durante  loe  meees  de  mayo  a  noviembre  y  en  los  restantes  ee 
bastante  caluioeo.  Esta  <Utima  6poca  correeponde  a  la  estacidn  de  las  lluvias  que  ee 
muy  copioea.  La  temperatura  media  anual  es  de  25  grados  centlgradoe,  llegando  a 
deecender  en  loe  meees  de  julio  y  a^osto  haeta  15  gradoe. 

La  region  en  que  eet6.  ubicada  la  ciudad  ee  plana  y  baja,  aunque  no  propiamente 
inundable;  su  nivel  medio  sobre  la  baja  marea  es  de  4.50  metros  y  la  diferencia 
entre  la  alta  y  la  baja  marea  ee  aproximadamente  de  3.50  metros.  No  obstante  eeto, 
los  contomos  de  la  ciudad,  que  son  mis  bajos  que  ^la,  durante  la  ^>oca  de  las  lluvias 
recogen  gran  cantidad  de  agua  y  forman  extensos  pantanos,  que  la  acci6n  solar  deseca  en 
poco  tiempo.  Guayaquil,  a  pesar  de  su  clima  generalmente  benigno,  por  circuns- 
tancias  especiales,  ha  aide  uno  de  los  focos  de  fiebre  amarilla  en  America  y,  despu^s 
de  la  construcci6n  del  Canal  de  Fanamd,  la  obra  de  su  saneamiento  ha  revestido 
car^ter  de  importancia  continental,  no  s61o  por  la  fiebre  amarilla,  sine  pcnr  haber 
sentado  alM  sus  reales  la  peste  bub6nica. 

Mientras  no  se  conoci6  el  origen  de  la  fiebre  amarilla  no  se  di6  verdadera  importancia 
a  la  higienizaci6n  de  la  ciudad  por  creer  indomable  tan  terrible  flagelo,  pero,  deede 
que  la  ciencia  descubri6  la  causa  del  mal,  tanto  en  el  pals  como  en  el  extranjero,  se 
ha  visto  en  ello  una  necesidad  imperioea  de  interns  comtin  que  cumpUr. 

La  ciudad  y  el  gobiemo  del  Ecuador  vivamente  interesados  en  desterrar  las  epi- 
demias  de  ambas  enfermedades,  que  peean  sobre  tan  laboriosa  pobhSci6n  y  perturban 
tan  gravemente  su  comercio  exterior,  mientras  se  resolvla  la  ejecuci6n  material  de  la» 
obras  ptiblicas  que  constituyen  el  saneamiento,  cre6  el  servicio  de  sanidad  ptiblica, 
confiado  deede  su  origen  a  expertos  medicos,  para  atenuar  en  cuanto  fuere  poeible  los 
eetragos  de  dichas  enfermedades  y  de  otras  que,  como  la  tifoidea  y  la  disenteria,  han 
encontrado  forma  de  desarrollarse  al  amparo  de  un  servicio  def  ectuoso  de  provision  de 
agua  potable  y  de  deeagOes. 
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Gon  esta  medida  se  ha  modificado  im  tanto  el  estado  samtario,  como  puede  vene 
por  las  cifras  que  aiguen,  correspondientee  a  loa  tUtimoB  eeis  alioB,  1909  a  1914: 

Fiebreamarilla,afio  1909, 479  caflos;  1910, 306  casos;  1911, 367  caaoe;  1912, 552  casos; 
1913, 195  caaos;  1914,  41  caaos.  Paste  bub6iiica,  alio  1909,  903  casoe;  1910,  675  casos; 
1911,  513  caaos;  1912,  485  casos;  1913,  727  casos;  1914,  409  casos. 

Los  resultados  anteriores  se  han  obtenido  con  mucho  esfuerzo  t^cnico  y  muy  buena 
voluntad,  pero  como  se  combate  contra  causas  insalvables  con  tales  procedimientoi^ 
es  imposible  destruir  los  nudes  de  rafz,  mientras  no  se  ejecuten  las  obiaa  sanitarias 
indispensables. 

Respecto  a  fiebre  amaiilla,  la  inspecci6n  constants  de  los  depMtos  privados  de  agoa 
potable,  la  petrolizaci6n  de  las  charcas  de  agua  y  el  aislamiento  de  los  atacados  ea 
bospitales  espedales,  han  sido  los  elementos  de  combate;  contra  la  paste  bub6nica,  la 
vacunaci6n  preventiva,  la  guerra  a  las  ratas,  la  limpieza  y  ventilaci6n  de  las  habita- 
ciones,  y  el  aislamiento  de  los  enfermos,  tambi^  en  hospitales  espedales,  son  loa 
medios  empleados  hasta  ahora. 

Para  que  se  tenga  idea  del  trabajo  hecho  por  el  Servicio  de  Sanidad  Ptiblica,y6anse 
algiinas  diras  correspondientee  al  afio  anterior: 

Personas  vacunadas  con  linfa  HafFkine,  20,521;  casas  y  patios  desinfectados  o  sanea- 
dos,  11,597;  dep^sitos  de  agua  lavados,  122,794;  embarcaciones  inspeccionadaa  y 
fumigadas,  1,529;  piezas  de  ropa  deeinfectadas,  40,000;  ratas  caaadas,  85,619. 

Bastante  se  ha  hecho,  pero  hay  que  hacer  todavia  mucho  m^  lo  tinico  que  puede 
salvar  la  situaddn,  las  obras  del  saneamiento,  que  felizmente  deede  hace  un  afio  eatin 
en  ejecuci6n. 

La  historia  del  estudio  de  estas  obras  seria  laiga  de  contar;  de  ellas  se  han  ocupado 
personalmente  eminendas  como  el  ingeniero  Berlier,  Jefe  del  Servido  de  Aguaa  de 
Paris  y  el  General  Goigas  saneador  del  Istmo  de  Panami.  Del  uno  al  otzo  transcu- 
irieron  mis  o  menos  15  afios;  durante  ese  tiempo,  varias  firmas  europeas  o  americanaa 
estudiaion  y  propuaieron  la  construcd6n  de  las  obraa,  pero,  de^gradadamente,  nada 
se  pudo  hacer,  porque  en  el  Ecuador  entre  muchas  cosas  buenas  hay  el  peor  de  los  ais- 
temas  de  obras  pdblicas:  el  de  la  diviai6n  y  subdivisidn  excedva  de  los  recursos  econd- 
micos  y  el  de  la  delegad6n  de  facultades  ejecutivas  en  corporadones  espedales  creadas 
para  la  ejecud6n  de  cad  todas  las  obras  de  mediana  importanda. 

Vanos  han  ddo  a  este  respecto  los  esfuerzos  hechos  por  varies  ministros  y  directorea 
de  obras  ptiblicas  ante  el  congreso  para  obtener  la  modificad6n  de  ese  estado  de  cosas, 
porque  es  muy  grande  el  prejuido  que  hay  respecto  a  incuria  o  abuses  de  los  gobiemosy 
y  no  menos  grande  el  anhelo  de  tenerlo  todo  a  un  tiempo. 

Durante  varies  afios  la  ejecud6n  de  las  obras  del  saneamiento  estuvo  encomendada  a 
una  importante  corporad6n  local,  compuesta  de  hombres  importantes  y  honorablea, 
que  trabaj6  y  luch6  hasta  llevar  al  fin  las  cosas  a  punto  de  ejecuddn,  pero,  predsa- 
mente  en  esoe  mementos,  el  gobiemo  actual  logr6  recabar  del  congreso  parte  de  sua 
focultades  respecto  de  obras  ptiblicas  y  hoy  en  d(a  el  saneamiento,  como  ptras  obiaSy 
conen  a  su  cargo. 

El  gobiemo  entr6  inmediatamente  en  conexi6n  con  la  importante  firma  J.  G.  White 
y  Go.  Limited,  de  Londres  y  New  York,  y  en  enero  5  de  1914,  firm6  con  ella  un  contrafeo 
entregindole  la  direcd6n,  administrad6n  y  ejecud6n  de  las  obraa,  bajo  la  supervigi- 
landa  oficial.    Desde  entonces  se  trabaja  activamente. 

£1  afio  1914  se  ^pas6  en  hacer  estudios  lo  m^  cuidadosos  posiblesy  los  que  contindan, 
hasta  hoy,  confiados  a  profesionalea  y  espedalistas  ingleses  y  en  junio  del  mismo  afio  se 
empezaron  adem^  los  trabajos  con  la  construcd6n  de  algunaa  obras  preliminarea. 

Se  eligi6,  para  comenzar,  la  nueva  provisidn  de  agua  potable,  tanto  por  ser  ella  baae 
prindpal  para  extinguir  la  fiebre  amarilla,  como  por  ganar  tiempo,  mientras  se  hacian 
los  estudios  qufmicos  y  bacteriol^cos  de  las  aguas  de  utilizad6n  posible  aunque  para 
ello  ha  habido  que  proceder  en  forma  antin<mnal,  esto  es,  ocupindoae  pcimero  de  laa 
obras  de  distribuddn  y  dep^sito  antes  que  de  las  de  conducddn. 
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El  programa  general  de  las  obras  es  este:  (1)  Nueva  proidfddn  de  agua  potable;  (2) 
siBtema  de  alcantarillado;  (3)  pavimentacidn;  (4)  relleno  de  la  playa  del  rfo  y  construc- 
ci6n  del  nuevo  muio  del  malec6n;  (5)  drenaje  de  los  pantanoe  adyacentes  a  la  ciudad. 

En  el  contrato  finnado  con  White  y  Co.,  se  trata  tinicamente  de  las  tree  primera 
obras  dejando  el  reeto  para  lo  posterior. 

La  provision  del  agua  potable  comprende:  toma  de  agua,  planta  de  depuraci6n  y 
filtraci6n,  tuberfa  de  conducci6n,  tanques  y  tuberfas  de  diatribucidn. 

La  cantidad  de  agua  que  se  debe  suministrar  ser^  de  20,000  metros  cdbicos  en  24 
boras,  lo  que  dar&  una  cuota  por  habitante  y  por  dfa  de  135  litros  por  persona,  cuando  la 
ciudad  tenga  150,000  almas,  es  decir,  el  doble  de  lo  que  tiene  ahora. 

Pero  las  cosas  deben  ser  dispuestas  previamente  de  manera  que  se  pueda  aumentar 
dicba  provisidn  a  30,000  metros  ctibicos  diaiios,  cuando  las  necesidades  lo  reclamen, 
sin  entrar  en  majrores  complicaciones,  ni  en  gastos  excesivos.  La  provisi6n  actual  que 
alcanza  3,000  metros  cdbicos  se  reserva  para  sumarla  a  la  nueva  o  para  cederla  a  las 
poblaciones  rurales  del  tr&nsito. 

Las  tuber(as  que  se  emplear^  ser^  de  hieno  fundido,  tanto  pate  la  conducci6n, 
como  para  la  distribuddn;  las  obras  de  la  toma  de  agua  y  los  tanques  de  dep^sito  serdn 
de  concrete  o  cemento  armado. 

Respecto  de  la  obra  del  agua  potable  hay  dos  proyectos,  en  cuanto  a  toma  de  agua; 
uno,  que  se  refiere  a  los  rfos  inmediatos  de  la  toma  actual,  en  las  montafias,  a  100  kil6- 
metros  de  distancia  de  la  ciudad,  teniendo  que  cruzar  el  Rfo  Guayas  en  una  extensi6n 
de  1,800  metros  con  una  tuberfa  subfluvial;  otro,  que  se  refiere  al  Rfo  Daule,  uno  de 
los  dos  grandes  rfos  que  poco  antes  de  la  ciudad  forman  el  Guayas,  pero  estableciendo 
la  toma  a  35  kil6metros  de  distancia,  para  ponerse  a  salvo  de  la  influencia  salina  de  las 
mareas. 

La  dif erenda  entre  los  dos  proyectos,  a  mis  de  la  distancia,  consLste  en  que  qufmica 
y  bacteriol6gicamente  hablando  el  agua  de  las  montaiias  es  m^  pura  en  su  origen  que 
el  agua  del  Rfo  Daule  y  el  tratamiento  para  la  depuraci6n  por  tanto  mis  idcil  en  el 
primero  que  en  el  segundo  case.  Ademis,  el  agua  de  las  montafias,  cuya  toma  estd  a 
300  metros  sobro  la  ciudad,  circular^  por  simple  gravedad,  mientras  que  la  toma  de 
agua  del  Daule,  estando  casi  a  nivel  con  ella,  obllgar&  a  impulsarla  mec&nicamente 
por  medio  de  bombas. 

Estas  importantes  diferencias  ban  dado  origen  a  una  minuciosa  discusidn  tunica 
para  poder  elegir  con  acierto  entre  tales  proyectos,  porque  uno  resulta  mis  costoso 
que  otro  en  cuanto  a  instalacidn  y  el  otro  en  cuanto  a  funcionamiento.  A  este  respecto 
los  constructores  se  ban  decidido  a  favor  del  proyecto  de  las  montafias  y  el  Gobiemo 
y  el  pdblico  en  general  se  inclinan  a  ello,  aunque  no  faltan  opiniones  y  razonee  tuni- 
cas en  contra. 

La  parte  ya  ejecutada  de  las  obras  comprende  la  colocaci6n  de  65  kilometres  de 
tuberfas  de  varies  diiunetros,  de  los  85  que  formar&n  la  nueva  red  urbana  de  distrlbu* 
ci6n,  y  la  excavaci6n  del  lugar  en  donde  se  construir^  el  mis  grande  de  los  tanques 
de  distribuci6n  cuyo  volumen  da  50,000  metros  ctibicos,  de  los  cuales  ya  se  ban  exca- 
vado  40,000.  Como  obras  accesorias  se  ha  emprendido  en  el  relleno  de  algunas  calles 
y  en  el  de  la  playa  del  rfo  y  en  la  construcci6n  del  nuevo  malec6n,  en  una  longitud  de 
150  metros  pr6ximamente,  a  fin  de  utilizar  el  producto  de  las  excavaciones.  A  mis  de 
esto,  se  ban  construfdo  varies  edificios  destinados  a  servicios  del  trabajo  e  instalado 
talleres  bastante  bien  dotados. 

El  personal  ha  ll^gado  hasta  1,000  obreros  diaries  y  como  material  de  trabajo  se 
cuenta  con  instalaci6n  de  aire  comprimido  y  sus  correspondientes  perforadoras,  insta- 
laci6n  el^ctrica  y  bombas  rotativas  de  agotamiento,  grdas  a  vapor,  excavadora  de  la 
misma  clase,  vfas  f^rreas  con  buen  material  rodante,  remolcadores,  lanchas,  etc. 

Las  sumas  entregadas  a  los  Sres.  White  y  Co.  hasta  septiembre  20  del  preeente  alio 
alcanza  a  785,000  d61ares,  de  los  cuales  se  habfan  gastado  hasta  entonces  622,000. 
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El  presupuesto  especial  de  esta  obra  alcanza,  para  el  proyecto  del  agua  de  las  mon* 
tafias  a  2,900,000  d61are6  y  para  el  del  Rio  Daule  1,580,000,  sieodo  los  gastos  de  servicio 
probables,  de  uno  y  otro  respectivamente,  de  24,500  y  de  110,500  ddlares  aauales. 

El  estudio  de  las  obras  de  alcaataiillado  no  es(4  hecho  todavia,  pero  siis  t^miaoe 
generales  son  conocidos. 

Para  la  caaalizaci6n  tendrd  que  seguirse  el  sistema  separado,  porque  con  lo  piano 
de  la  ciudad,  su  diferencia  de  nivel  con  respecto  a  las  aguas  del  rio  y  la  fluctuaciiSn  de 
las  mareas,  no  ser^  posible  eontar  con  una  circulaci6n  continua  por  gravedad  y  habri 
que  emplear  la  {NropulauSn  mec^nica  en  las  tubedaa  de  expulsuSn,  lo  que  impediii 
recibir  en  un  mismo  aistemade  alcantahllas las  aguas  de  las  casas  y  la  gran  cantidad 
de  aguas  de  lluvia  que  cae  en  el  inviemo,  por  lo  mucho  que  costaria  su  elevacidn  con 
cualquier  sistema  que  se  emf^eara  para  alio. 

Como  material  de  construccidn,  tanto  por  las  condiciones  del  suelo  de  Guayaquil,  que 
contiene  muchas  sales,  como  por  estaj*  la  ciudad  sometida  a  temblores  y  para  ahonar 
en  gastos  de  transporte  grandee  sumas,  estd  eepecialmente  indicado  el  cemento  armado, 
construyendo  en  el  sitio  los  colectores  y  las  grand  es  obras  y  en  fibrica  las  tuberlas  de 
menor  diimetro  y  piezas  accesorias.  Para  esto  se  cuenta  con  piedra  de  buena  calidad, 
sienita  azul,  no  muy  lejos  de  Guayaquil  y  con  arena  regular;  ambos  matenales  de 
precio  elevado  corriente,  pero  que  tratdndose  de  un  trabajo  grande  y  con  los  medios 
que  cuenta,  resultari  a  bajo  precio. 

La  ejecuci6n  de  esta  parte  de  las  obras  del  saneamiento  es  muy  importante,  pero 
no  lo  es  menos  su  complemento,  es  decir,  la  conexi6n  de  las  casas  con  el  alcantarillado 
pdblico  y  la  ejecuci6n  de  las  instsdaciones  phvadas. 

Esta  parte  complementana  vale  mucho  en  dinero  y  si  no  se  la  efectda  r^pidamente 
de  nada  valdr^  tener  la  red  de  cloacas,  asf  como  tambi^,  si  no  se  ejecutan  dichas 
conexiones  de  una  manera  efectivamente  cientifica. 

Para  lo  primero  habr^  que  arbitrar  alguna  forma  econdmica  especial,  para  poder 
hacerlo  como  se  necesita,  en  cuanto  a  tiempo,  pues  es  de  dudar  que  los  particulares 
todos  se  encuentren  en  capacidad  de  hacer  el  no  despreciable  gasto  que  esto  wgnifica, 
que  montari  entre  agua  y  desagiie,  incluyendo  bafios,  lavabos,  etc.,  pr6ximamente 
a  800  ddlares  por  departamento. 

Hoy  en  dia  no  hay  mis  que  5,000  conexiones  de  agua  potable,  porque  propiamente 
no  hay  agua  suficiente  para  proveer  a  m^,  pero  es  seguro  que  cuando  est^  conclufda 
la  nueva  instalaci6n  eea  cifra  se  elevard  siquiera  a  7,000,  lo  que  significa  que  habr4 
que  conectar  mis  o  menos  el  mismo  ntimero  de  departamentos  con  la  canalizaci6u 
pdblica,  y  que,  en  consecuencia,  los  particulares  tendrin  que  erogar  en  \in  momenta 
dado  2,000,000  de  ddlares.  Es  muy  posible  que  la  mayorla  de  los  particulares  tenga 
dificultades  para  hacer  este  esfuerzo,  si  el  Grobiemo  no  pone  a  su  alcance  una  forma 
pr&ctica  para  ello . 

Lo  segundo,  0  sea,  que  las  conexiones  e  instalaciones  privadas  queden  bien  hechas, 
es  otro  pequefio  problema,  que  puede  hacer  fracasar  los  nuevos  servicios,  porque  en 
el  pais,  propiamente  hablando,  no  hay  profesionales  de  origen  y  conocimientos  verda- 
deramente  tdcnicos  y  habria  que  llevar  del  exterior  personal  numeroso  y  completo, 
lo  que  indudablemente  no  seri  grato  a  los  obreros  nacioaales  y  al  pueblo  en  general. 
En  consecuencia,  lo  prudente  seria  establecer  con  tiempo  clases  de  plomeria  dictadas 
por  profesores  extranjeros,  en  algunas  de  las  escuelas  de  artes  y  oficios  con  que  cuenta 
el  pais,  0  mandar  al  exterior  algimos  nacionales  a  adquirir  los  conocimientos  necesa- 
nos  para  evitar  contratiempos  y  sorpresas,  dando  al  mismo  tiempo  a  los  hijos  del  pais 
un  nuevo  ramo  de  profesidn  industrial. 

Sobre  este  mismo  punto  hay  algo  m^;  es  indispensable  que  el  Gobiemo  y  la  mu- 
nicipalidad,  imitando  lo  hecho  en  todas  partes,  preparen  con  tiempo  leyee  y  regla- 
mentos  respecto  a  esto  y  creen  una  oficina  publica  que  tome  a  su  cargo  la  supervigi- 
lancia  de  las  instalaciones  privadas. 
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Respecto  a  pavimentacidn  no  hay  todavla  m&B  que  una  idea  genera],  que  atin  no  se 
concreta  en  ndmeros;  pero  puede  tambi^n  anticiparae  algo  sobre  ella. 

Las  calles  de  la  ciudad  tienen  un  desarrollo  de  85  Idldmetroe  pr6xhnamente  y  su 
ancho  medio  puede  fijarse  en  20  metros,  lo  que  darfa,  redondeando  el  resultado  2,000)000. 
de  metros  cuadrados  por  pavimentar.  La  dfra  es  grande  para  una  ciudad  pequefla 
como  Guayaquil;  se  ha  llegado  a  ello  por  el  ensanche  obligado  que  se  ha  dado  a  las 
calles  con  motivo  de  los  incendios. 

Tanto  por  la  gran  superficie,  como  por  la  varia  intensidad  del  tr^co,  se  ha  pensado  en 
emplear  dos  clases  de  pavimento  y  algunos  han  indicado  hasta  tree:  Para  las  prin- 
cipales  calles,  im  buen  pavimento;  para  las  adyacentes,  uno  ipediano,  y  para  las  muy 
apartadas  algo  que  es  mia  bien  un  simple  relleno,  para  los  primeros  tiempos. 

Para  el  pavimento  bueno  se  ha  pensado  en  todo  lo  que  hay  de  superior,  como  asfalto, 
piedras  granfticas,  ladrilloe  vitrificados,  etc.,  y  para  el  mediano  en  el  macadam. 

£s  indudable  que  no  hay  buen  pavimento  cuytt  instalaci6n  no  sea  costosa  y  hay 
m&,  en  Guayaquil  ningtin  pavimento  dard  buen  resultado  sino  se  instala  sobre  una 
gruesa  capa  de  concreto,  puee  el  suelo  es  htimedo  y  muy  compresible ;  por  tanto,  la  com- 
binacidn  de  varios  pavimentos  para  buscar  una  8oluci6n  econ6mica  al  problema  no 
dard  mayores  ventajas  en  lo  definitivo.  Serfa  preferible  aplicar  en  toda  la  ciudad  el 
pavimento  de  concreto,  hecho  con  buenos  materiales  y  bien  preparado,  con  lo  que 
parece  que  si  se  lograrfa,  pues,  lo  que  con  otros  pavimentos  tendrfa  que  usarse  como 
capa  de  fundacidn,  servirfa,  en  este  caso,  como  el  pavimento  mismo. 

Hay  quien  no  tiene  mucha  confianza  en  esta  clase  de  pavimento,  pero  esto  obedece 
mis  que  a  causas  justificadas,  a  que  no  es  frecuente  su  aplicaci6n  porque  casi  siempre 
hay  a  mano  otros  materiales  que  ofrecen  mds  ventajas  econdmicas,  lo  que  no  es  el  caso 
de  Guayaquil.  La  pavimentaci6n  de  algunas  poblaciones  de  Estados  Unidos  y  de 
Francia  ha  dado  satisfactorios  resultados,  lo  mismo  que  en  Caracas  (Venezuela).  El 
deegaste  que  pudiera  causar  un  tr&fico  intenso  seria  quizds  una  objeci6n  para  este 
pavimento,  pero  en  la  generalidad  de  las  ciudades  sudamericanas  no  hay  que  temer 
tal  cosa  en  mucho  tiempo. 

En  esta  parte  de  las  obras  del  saneamiento  de  Guayaquil  habrd  adem^  dificultades 
accesorias  cuya  8oluci6n  debe  tambi^n  preveerse.  La  principal  es  la  que  se  presentari 
con  las  compaiifas  de  tranvias  a  las  que  se  les  ha  permitido  ocupar  las  calles  caprichosa- 
mente,  sin  verdadera  neceeidad,  pues  hay  calles  en  que  existen  hasta  cinco  Ifneas, 
con  lo  que  cualquier  pavimento  quedard  muy  seccionado;  ademds,  habrd  tropiezos  por 
el  nivel  que  tienen  hoy  las  llneas,  el  que  fu^  dado  por  la  municipalidad. 

Al  llegar  el  momento  de  construir  la  nueva  pavimentaci6n  serd  forzoso  suprimir 
algunas  llneas  y  modificar,  algunas  voces  grandemente,  el  nivel  actual  de  todaa.  La 
primera  de  las  dos  cosas  dard  Uigar  a  reclamaci6n  de  perjuicios  por  las  empresas  de 
tranvias,  y  la  s^unda,  determinard  un  gasto  relativamente  grande,  que  en  buena  ley 
no  tienen  por  que  hacerlo. 

Si  se  espera  para  proceder  a  solucionar  esto  el  momento  de  comenzar  el  trabajo,  se 
perderd  mucho  tiempo.  Vale  puee  la  pena  de  que  el  Gobiemo  y  la  municipalidad 
atiendan  con  tiempo  las  indicaciones  que  sobre  este  punto  les  han  hecho  los  directores 
de  las  obras  del  saneamiento,  adn  aceptando  de  hecho  el  gasto  que  se  requiere  y  hasta 
indemnizando  en  parte  a  las  empresas  de  tranvfas  antes  que  entrar  en  litigios. 

De  la  forma  y  manera  en  que  se  llej^ard  a  hacer  la  desecacidn  o  drenaje  de  los  pan- 
tanos  adyacentes  a  Guayaquil  y  del  relleno  de  la  orllla  del  r(o,  con  su  nuevo  malec6n, 
nada  concreto  se  piensa  todavla  por  que,  aunque  son  tambi^n  muy  importantes  esos 
trabajos,  se  ha  preferido  poner  toda  la  atenci6n  en  los  tres  primera  men  te  citados,  que 
son  efectivamente  la  base  del  saneamiento  de  la  ciudad,  esperando  que  ellas  se  con- 
cluyan  para  pensar  en  las  restantes.  En  lo  referente  a  los  terrenos  que  ganard  la 
ciudad  con  la  construccidn  del  nuevo  malec6n  cuya  superficie  serd  de  120,000  metros 
cuadrados,  hay  tambi^n  sus  dificultades,  pues  la  poblaci6n,  con  muy  buen  criterio, 
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pretende  que  eaa  zona  extensa  de  magnffica  edtuacidn,  se  deetine  desde  el  principio  a 
un  gran  paseo  y  que  no  se  construya  en  ella  ningdn  edificio,  pero,  como  este  gaato  ato 
cuando  servird  de  complemento  al  saneamiento,  reenilta  un  adomo  para  la  ciudad, 
hay  quien  lo  eetima  muy  costoeo  como  paseo  publico  y  cree  que  no  se  debe  deedefiar 
el  valor  que  representarla,  para  el  Municipio,  la  venta  de  esos  terrenos,  permitiendo 
en  ellofl  la  edificacidn. 

El  tlempo  para  la  conclusidn  de  todas  las  obras  de  que  se  compone  el  saneamiento  de 
Guayaquil  se  ha  calculado  en  seis  aflos,  trabajando  con  alguna  actividad,  pero,  como 
se  comprende,  todo  depende  especialmente  de  los  recursoe  econdmicos  con  que  se 
cuente. 

Los  Sres  White  y  Co  no  han  hecho  adn  presupuesto  complete  del  valor  de  las  obras, 
pero,  por  c&lculos  anteriores  a  su  intervenci6n  en  este  asunto  se  estima  que  coetar&n 
al  rededor  de  10,000,000  de  ddlares.  El  Gobiemo  presta  todo  apoyo  a  las  obras  y  no 
solamente  ha  entregado  y  entrega  los  fondos  especialmente  destinados  a  ellas,  sine 
que  ha  poco  propuso  a  los  directoree  poner  a  su  difiposici6n  una  fuerte  suma  extraor- 
dinana  para  que  se  violentara  la  marcha  de  los  trabajos,  pero  dichos  sefiores  no 
creyeron  posible  hacerlo  y  rechazaron  la  proposici6n  i>or  el  memento. 

La  base  especial  con  que  se  cuenta  para  estos  trabajos  es  un  impuesto  sobre  la 
exportaci6n  de  cacao,  la  que  aumenta  de  aflo  en  afio  y  otroe  impuestos  accesorioe, 
todo  lo  cual  da  una  renta  anual  de  500,000  d61ares,  con  cuya  suma  procuraba  el 
Gobiemo  la  consecuci6n  de  un  empr^stito,  antes  de  la  guerra  europea,  que  no  ha  side 
posible  obtener.  Adem&s  de  esto,  el  Gobiemo  siempre  tiene  en  mientes  una  operacion 
econ6mica  de  mayoree  alcances  y  al  efectuarla  tendr&  muy  en  cuent  las  neceeidades 
de  tan  imi>ortante8  trabajos. 

Quiz4  no  sea  posible  llevar  a  cabo  ninguna  de  las  dos  operaciones  antes  del  t^rmino 
de  la  guerra  europea,  en  cuyo  case  el  saneamiento  de  Guayaquil  tardaii  un  poco 
mis  de  lo  pensado.  Pero,  asi  y  todo,  se  llevar6  a  efecto  sin  interrapciones:  tal  es  e 
inters  que  tienen  por  61  pueblo  y  Gobiemo  y  el  convencimiento  de  que  esta  es  un 
de  las  mis  grandes  necesidades  de  la  naci6n.  En  ese  sentido  se  llegard  sin  mayores 
dificultades,  si  fuere  predso,  hasta  la  creaci6n  de  nuevas  rentas  para  satdsfocer  tan 
ardiente  anhelo. 

The  Chairman.  Are  there  any  remarks  on  this  paper  ? 

Mr.  Mason.  May  I  ask  how  much  water  per  capita  you  expect  to 
supply? 

Seflor  Manbiqub.  We  have  decided  to  give  everybody  60  gallons — 
40  to  60  gallons.  The  whole  quantity  of  water  will  be  30,000  cubic 
meters.  This  is  enough  at  this  moment,  und  will  be  sufficient  for 
some  years  to  come,  until  the  city  arrives  at  double  its  present 
population.  I  think  we  will  have  enough  water  in  oxu*  country  to 
give  150  meters  per  capita.  When  I  was  talking  about  the  matter 
with  Gen.  Gorgas,  special  commissioner  of  the  American  Govern- 
ment and  the  Ecuadorean  Government,  he  recommended  40  to  60 
gallons.     I  said  I  beUeved  it  shoidd  not  be  less  than  40  gallons. 

Mr.  Heeing.  Do  you  use  much  water  for  sprinkling  ? 

Sefior  Manrique.  A  great  deal  is  wasted  at  present.  We  have 
very  few  paved  streets  and  have  very  Uttle  to  sprinkle.  We  have 
a  very  insufficient  quantity  of  water  at  present;  no  more  than  5 
gallons  per  capita. 

Mr.  Herino.  Do  you  have  a  dry  season  there  ? 

Sefior  Manrique.  Oh,  yes;  we  have  a  very  dry  season. 
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Mr.  Hering.  How  many  months  ? 

Sellor  Manbique.  Two  seasons;  the  rainy  season  from  December 
to  May,  and  the  dry  season  from  April  to  December. 

Mr.  Hering.  Would  you  not  require  some  of  this  water  for  plants 
and  for  irrigation ?    I  mean,  in  the  city  itself? 

Sefior  Manbique.  No. 

Mr.  Hering.  Would  you  require  water  in  the  dry  season  for  water- 
ing the  parks,  and  the  lawns  and  trees  in  the  city? 

Sefior  Manrique.  We  can  have  nothing  to  do  with  the  parks 
because  we  have  not  enough  water  for  this.  For  the  street  surfaces 
and  some  other  surfaces  we  have  a  special  fire  system  service,  the 
waters  suppUed  by  a  pump,  and  then  we  supply  water  to  the  city  from 
the  river  for  sprinkling  the  streets,  and  other  purposes,  like  cleaning 
the  sewers,  etc.,  but  we  do  not  use  potable  water  for  any  other  use 
than  for  drinking,  because  we  have  not  enough. 

Mr.  Hering.  And  with  your  new  supply,  do  you  or  do  you  not 
expect  to  provide  for  these  other  xises  ? 

Sefior  Manrique.  Oh,  yes,  sir;  absolutely.  We  will  be  very  well 
fixed  then.  The  J.  G.  White  Co.  is  making  a  special  study  of  the 
question.  When  I  was  just  leaving  the  country,  we  received  from 
London  the  main  report  of  the  J.  G.  White  Co. 

Mr.  SoPER.  How  large  is  your  population,  and  is  it  growing  ? 

Sefior  Manrique.  Yes.  It  is  quite  easy  to  grow  there,  but  every- 
body is  afraid  to  go  there.    We  have  no  more  than  80,000  people. 

Mr.  Soper.  Is  the  city  closely  built  upl  Are  the  houses  close 
together! 

Sefior  Manrique.  Yes,  absolutely;  a  very  bad  condition. 

The  Chairman.  Of  what  material  are  the  houses  constructed? 
Wood  or  stone.  ? 

Sefior  Manrique.  Wood.  I  am  especially  interested  in  the  building 
of  reinforced  concrete  structures,  and  I  left  my  country  13  years 
ago  to  go  to  this  country  to  study  the  construction  of  reinforced 
concrete  building  for  use  at  home.  I  have  done  something,  but  I 
could  not  do  much.  The  very  poor  people  can  build  their  houses 
very  easily  and  have  used  wood  as  a  cheaper  material.  They  use 
bamboo  for  making  the  houses.  They  use  bamboo  and  stone  and 
then  they  plaster  it  with  mortar  of  lime  or  cement.  They  have  not 
a  very  good  appearance,  and  are  very  unsanitary. 

I  remarked  to  Gen.  Gorgas,  when  he  was  there,  that  the  most 
effective  work  we  can  do  here  is  in  better  building.  I  said, "  You  are 
going  to  drive  the  mosquitoes  out,  but  you  can  not  drive  out  the 
bubonic  plague  in  this  way." 

Mr.  Mason.  What  do  you  do  about  your  fire  service  ? 

Sefior  Manrique.  We  have  a  very  fine  fire  service.  The  city 
had  lost  millions  and  milUons  of  dollars,  and  ten  years  ago  they 
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decided  to  organize  a  special  fire-system  service.  They  came  to 
New  York  and  talked  over  this  question  with  Mr.  Hering.  We 
have  very  nearly  100  kilometers  of  fire  system  service.  We  have 
some  Worthington  pumps  and  some  Babcock  &  Wilcox  boilers, 
which  develop  nearly  700  horsepower.  We  have  hydrants  on  each 
comer;  we  have  nearly  200  men  ready  for  the  fire  department  service. 
On  a  hill  something  like  300  feet  high  we  have  a  reservoir  where  we 
keep  water  all  the  time,  for  use  in  case  of  any  trouble. 

Mr.  Mason.  Is  this  the  same  kind  of  water  that  you  drink  ? 

Seftor  Manrique.  Oh,  no;  salt  watw. 

Mr.  Mason.  Salt  water? 

Seflor  Manrique.  Yes.  The  river  water  mixed  with  the  salt 
water  of  the  sea.  They  are  obliged  to  have  this  as  a  special  sjrstem 
for  the  fire  service. 

Mr.  H.  L.  Adams.  Are  they  going  to  retain  that  salt-water  fire 
service  after  the  city  has  been  improved,  according  to  the  new  plans  ? 

Seflor  Manrique.  Yes. 

Mr.  Hering.  How  far  have  you  succeeded  in  suppressing  the 
mosquito  nuisance,  which  was  very  serious  13  years  agot  How 
far  have  you  succeeded  in  exterminating  the  mosquitoes? 

Seflor  Manrique.  Last  year  we  had  no  yellow  fever  there.  As 
I  was  leaving  the  country  I  talked  with  the  chief  of  the  service, 
a  physician,  and  he  gave  me  all  the  data.  I  can  assure  you  we  had 
no  yellow  fever  or  bubonic  plague  last  year. 

Mr.  Parsons.  Mr.  Chairman,  it  has  been  mentioned  that  American 
cities  are  more  extravagant  in  the  use  of  water  than  European  cities. 
It  is  probably  caused  by  the  method  of  payment  for  the  water, 
wiiieh,  in  America,  has  been  so  much  a  lot,  rather  than  a  charge  for 
the  quantity  of  water  used.  I  would  Uke  to  ask  the  speaker  whether 
in  his  city  they  propose  to  chaise  for  the  water  by  meter  measure- 
ment? 

Seflor  Manrique.  Yes. 

Mr.  Parsons.  By  the  actual  quantity  used  ? 

Seflor  Manriqup:.  Yes;  thoy  are  going  to  sell  the  water  by  measure, 
by  water  meter;  but  at  this  moment  they  have  no  measure  there, 
because  there  is  too  little  water. 

Mr.  Parsons.  I  think  that  is  the  proper  method,  and  I  think  that 
it  will  be  the  tendency  from  now  in  this  country,  in  order  to  check 
the  wasteful  use  of  water,  to  make  each  one  pay  for  what  he  actually 
uses. 

Seflor  Manrique.  They  will  charge  two  prices  there;  one  for  very 
poor  people  and  the  other  for  people  who  are  not  so  poor;  but  in  both 
cases  they  will  use  water  meters. 

Mr.  Hering.  Some  years  ago  I  was  asked  by  the  New  York  Board 
of  Water  Supply,  as  I  had  studied  many  of  those  cases  in  Europe, 
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to  make  a  report  as  to  why  it  was  that  in  Europe  they  use  about, 
roughly  speaking,  half  the  quantity  of  water  per  capita  that  we  use. 
I  stated  about  twenty  reasons  in  that  report,  and  they  were  nearly 
all  due  to  the  fact  that  we  are  an  extravagant  nation  in  the  use  of 
water.  When  Mr.  John  D.  Watson,  a  very  prominent  English 
engineer,  was  here  and  visited  a  number  of  our  cities,  he  could  not 
easily  get  over  his  surprise  at  the  way  we  wasted  water. 

The  introduction  of  the  meter  will  doubtless  be  an  excellent  means 
of  reducing  our  waste,  because  when  a  man  knows  he  has  to  pay  for 
a  thing,  he  is  likely  to  get  into  the  habit  of  not  wasting  it. 

The  Chairman:  If  there  are  no  other  remarks  on  this  paper  the 
subsection  will  stand  adjourned. 

Whereupon,  at  12.15  o'clock,  the  session  was  adjourned. 
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JOINT  SESSION  OF  SUBSECTIONS  5  AND  6  OP  SECTION  V. 

Raleigh  Hotel, 
Monday  morning,  Jimuary  S,  1916. 

Ohainnan,  Cabl  C.  Thomas. 

The  session  was  called  to  order  at  9.30  o^dock  by  the  cbairman, 
who  announced  the  first  paper  of  the  session,  *'The  contribution  of 
the  gyroscope  to  safety,"  by  Mr.  Ehner  A.  Sperry. 

THE  CONTRIBUTION  OF  THE  GYROSCOPE  TO  SAFETY. 

By  ELMER  A.  SPERRJ. 

The  great  contribution  of  the  gyroscope  in  its  application  to  vessels,  either  in  air 
or  water,  is  that  ol  safety— whether  its  application  be  the  G3nro-compaBS,  which  is 
the  first  navigation  azimuth  instrument  of  high  precision  that  has  ever  been  produced, 
whether  it  is  used  to  create  accurately  an  ''Artificial  Horizon"  whereby  the  position 
of  a  ship  may  be  determined  at  sea  throughout  the  night  and  at  other  times  when  the 
horizon  can  not  be  observed,  or  whether  it  is  the  application  by  means  of  which  aero- 
planes and  ships  may  be  stabilized  and  their  tremendous  plunging  and  rolling  pre- 
vented. 

In  the  aeroplane  the  stabilisation  is  found  to  prevent  almost  entirely  undue  straina 
and  stresses  in  the  wings  and  other  parts  of  the  structure,  and  virtually  the  same  thing 
is  found  in  connection  with  ships,  to  say  nothing  of  the  very  greatly  increased  safety 
of  the  personnel  on  both  aeroplanes  and  ships. 

When  ships  are  employed  to  transport  live  stock,  conditions  that  are  tryhmg  to  the 
highest  possible  degree  are  mitigated  or  practically  eliminated  by  stabilization.  For 
instance,  a  cargo  of  many  hundreds  of  high-class  horses  was  recently  shipped  for  Italy 
from  the  port  of  New  York.  Only  six  of  the  horses  reached  Italy  alive,  owing  to  two 
storms  and  the  consequent  heavy  rolling  encountered  in  the  passage.  It  is  well 
known  that  much  live  stock  perishes  and  its  suffering  is  beyond  description  owing 
to  the  severe  rolling  of  vessels. 

Strange  to  say,  the  gyroscope  is  just  as  capable  of  imparting  heavy  rolling  to  ships 
as  it  is  of  stabilizing  them  against  waves  that  produce  the  same  heavy  rolling,  and 
very  important  uses  have  been  found  for  this  application  on  ice-breakers.  In  raming 
ice  the  ice-breaker  is  often  caught  and  frozen  into  the  ice-jam,  driftiog  for  weeks 
with  the  ice-fioe,  despite  the  most  heroic  efforts  at  freeing  it.  It  is  found  that  simply 
by  the  imparting  of  a  constant  roll  to  a  ship  that  is  ramming  ice,  it  is  entirely  freed 
from  the  perils  of  being  caught  and  frozen  in  and  is  thus  always  kept  clear  of  encum- 
bering masses.  The  safety  of  the  process  is  therefore  increased,  to  say  nothing  of  the 
astonishing  gain  in  the  efficiency  of  the  periormance  of  the  ice-breaker.  At  the  time 
the  war  broke  out,  we  were  to  eqiup  the  Ermdk,  a  ship  of  7,000  tons,  the  largest  ice- 
breaker in  the  world,  owned  and  operated  by  the  Russian  Government. 

Another  application  of  the  gyroscope  is  the  artificial  horizon,  shown  in  Fig.  32, 
permitting  observations  at  sea  or  in  the  air  when  low-lying  clouds  are  present  or 
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when  the  mirage  renders  the  horizon  uselees.  The  greatest  contribution  to  naviga- 
tion of  the  artificial  horizon  is  probably  its  use  at  night,  permitting  most  accurate 
observations  to  be  taken  of  the  heavenly  bodies.  This  single  application  of  the  gyro- 
scope contributes  in  a  very  material  way,  quite  independently  of  the  gyro-compass, 
to  the  safety  of  navigation. 

Reverting  now  to  a  more  detailed  description  of  each  of  the  gjnroscopic  applications 
nained  above,  we  will  first  take  up  the  gyro-compass. 

The  factors  that  have  led  to  the  adoption  of  the  gyro-compass  as  part  of  the  equip- 
ment on  all  modem  battleships  and  submarines  in  the  various  navies  of  the  world 
are,  for  the  most  part,  too  obvious  to  require  elaborate  explanation. 

For  more  centuries  than  can  be  determined  with  exactness  (the  Chinese  claim  to 
have  used  the  magnetic  compass  as  hi  back  as  2400  B.C.),  the  magnetic  compass  has 
been  counted  one  of  mankind's  most  valuable  possessions,  and  until  very  recently 
the  idea  that  it  could  be  replaced,  or  that  it  was  even  capable  of  essential  improve- 
ment, had  occurred  to  but  few.  Enormously  valuable  indeed  has  been  the  magnetic 
compass.    Without  it  none  but  the  most  timorous  navigation  would  have  been  possible. 

Its  use  on  steel  ships,  however,  has  become  increasingly  difficult:  First,  because 
the  changing  magnetic  characteristics  of  the  ship  give  rise  to  errors  that  vary  in  a 
manner  incapable  of  prediction;  and,  second,  because  the  exceedingly  weak  magnetic 
directive  force  that  readies  the  compass  is  not  sufficient  to  hold  it  steadfastly  to  its 
meridian.  The  imknown  errors  cause  inaccuracies  in  navigation,  and  the  weak 
directive  force  makes  it  impossible  to  hold  the  ship  on  a  steady  course. 

In  the  gyroscope  we  have  an  instrument  that  renders  available  the  unused  physical 
directive  force  of  the  earth's  rotation,  and  so  gives  us  a  compass  that  points  to  the 
true  geographical  north  and  is  absolutely  unaffected  by  magnetism. 

So  great  is  the  directive  power  of  such  a  compass,  that  it  constitutes  an  instrument 
of  the  highest  precision,  thus  greatly  increasing  the  accuracy  of  navigation  while  at 
the  same  time  making  it  possible  to  hold  the  ship  on  a  perfectly  steady  course  with 
very  small  use  of  the  helm. 

Commander  Louis  M.  Nulton,  United  States  Navy,  in  a  paper  before  the  Naval 
Institute,  states: 

The  Sperry  compass  in  service  aboard  the  Montarui  gave  us  great  comfort  and  satis- 
fokction  and  we  relied  upon  it.  We  considered  it  a  wonderful  instrument  and  one  of 
the  most  valuable  additions  of  modem  science  to  the  sea-going  world.  In  the  conning- 
tower  and  below  decks,  its  freedom  from  magnetic  influence  is  most  valuable. 

GENERAL  DBSCRIFnON. 

The  general  arrangement  of  parts  constituting  the  Sperry  gyro-compass  is  shown 
in  figure  1,  which,  for  greater  clearness  in  illustrating  the  various  fimctions,  has 
been  simplified  by  the  omission  of  electrical  circuits  and  minor  details.  In  this 
figure  the  floating  ballistic  and  compensating  weights  have  also  been  omitted. 

The  gyroscope  wheel  is  mounted  to  rotate  on  a  horizontal  shaft  A  within  the  casing 
B,  which  is  pivoted  on  the  horizontal  axis  C  through  its  center  of  gravity  and  carried 
by  the  frame  or  vertical  ring  D. 

The  ring  D  is  suspended  by  a  torsionless  strand  E  and  guided  by  bearings  F  and  F^ 
to  allow  a  free  oscillation  of  limited 'amount  about  its  vertical  axis  within  the  frame 
or  phantom  G.  The  phantom  G  has  a  hollow  stem  H,  to  which  the  strand  E  is  attached 
at  its  upper  end;  the  stem  forming  a  journal  for  rotation  in  azimuth  with  respect  to 
the  supporting  base  frame  J. 

The  frame  J  is  mounted  to  swing  in  the  binnacle  by  the  usual  cardan  suspensioiK, 
consisting  of  the  ring  K  and  suitable  bearings  L-l,  Lr-2,  L-3,  and  L-4. 

The  frame  J  carries  a  ** follow-up"  motor  M,  driving  a  master  gear  N,  forming  a 
rigid  part  of  the  phantom  G,  whereby  the  latter  is  positively  driven  in  azimuth  to 
respond  to  any  movement  of  ring  D. 
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The  ring  D  (whidi  with  the  wheel  casing  is  tenued  the  ''element")  is  prcrvided 
with  electrical  trolley  contacts  which  cooperate  with  stationary  ccmtacts  mounted 
upon  the  phantom  G  to  control  the  follow-up  motor  M,  the  electrical  oonnectuHis 
not  being  shown  in  this  figure. 

The  power  driven  phantom  G  is  thus  automatically  controlled  so  as  to  respond 
instantly  to  all  movements  of  the  sensitive  element,  and,  in  fact,  to  all  relative  move- 
ments in  azimuth  between  the  ship  and  the  gyro. 

This  characteristic  of  the  phantom  enables  it  to  be  used  for  various  important  func- 
tions, namely,  to  carry  the  scale  or  card  O  uid  a  cam  P  forming  part  of  the  automatic 
correcting  device.  The  power  drive  is  also  utilised  in  operating  the  transmitter  for 
the  repeater  instruments,  and  in  overcoming  faction  of  the  slip  rings  needed  to  cairy 
cunent  to  the  gyro. 

It  will  be  understood  that  the  master  compass,  figures  2  and  3,  being  located  down 
in  the  secret  room  of  the  battlediip  below  the  protected  deck  and  below  the  water 
line,  is  not  used  directly  but  transmits  its  azimuth  with  a  great  degree  of  accuracy 
uid  practically  without  time  lag  (one-thouaandth  of  a  second)  to  a  large  number  of 
repeating  compasses  a&own  in  figures  4  and  6,  which  are  distributed  at  the  variouB 
steering  stations,  navigating  stations,  admiral's  quarters,  and  at  the  various  fire 
control  stations. 

Other  adjimcts  and  features  constituting  the  gyro-compass  equipments  are  shown 
in  figures  6  to  12,  their  functioBS  and  contributions  being  described  in  coimectioD 
with  each  figure. 

The  importance  of  this  instrument  is  evidenced  by  its  extensive  use  in  the  following 
countries:  America,  England,  France,  Russia,  Italy,  Denmark,  Sweden,  Norway, 
Spain,  Japan,  Australia,  Argoitina,  and  Brasil. 

The  Sperry  master  gyro-compass  is  employed  in  duplicate  on  superdreadnoughts 
and  battleships  of  the  first  line  in  practically  all  first-class  navies  throughout  the 
world. 

In  addition  to  this  class  of  ships  our  compasses  are  employed  upon  dread  naaigfats, 
scout  cruisers,  battle  cruisera,  coast-defense  vessels,  mine  layers,  the  largest  t(»pedo- 
boat  destroyers,  and  submarines,  there  being  upward  of  160  installations  in  submarinee 
of  the  various  navies. 

THE  NBW  PBINCIPLB  IN  BTABnJCTNQ  8HIPB. 

UniUd  States  Oovemment  testi,— The  order  given  by  the  United  States  Government 
for  the  experimental  gyro-stabiMzer  equipment  on  the  U.  S.  S.  Wordm,  shown  in 
figure  13,  was  due  to  the  tact  that  a  definite  advance  had  been  made,  comj^ising  a 
new  principle  in  stabilization  of  ships. 

The  system  \mder  experiment  was  gyroscopic  in  principle  and  constituted  a  radical 
departure  from  anything  that  had  theretofore  been  attempted,  the  nearest  approach 
being  the  hydraulic  penduliun  experiments  of  Sir  John  I.  Thcnmycroft  on  his  yacht 
more  than  20  years  ago. 

Older  methods.— YncHcaXly  all  attempts  at  stabilization  before  the  Warden  experi- 
ment have  been  based  in  one  way  or  anoth^  upon  co-i>eriodic  phenomena.  The 
stabilizing  moments  in  each  instance  depended  for  thdr  very  existence  upon  a  certain 
amount  of  motion  being  first  acquired  or  developed  by  the  ship.  When  these  move- 
ments were  finally  generated  they  were  expected  to  act  to  reduce  the  roll  so  as  to  cut 
it  down  by  some  predetermined  fraction  of  the  undamped  or  free  roll,  l^e  results, 
however,  were  never  such  as  to  give  much  encouragement. 

With  anti-rolling  tanks  it  was  fo\md  that  a  certain  critical  condition  existed  between 
the  natural  period  of  the  waves  of  the  sea,  the  natural  p^od  of  the  ship,  and  the  period 
of  the  water  in  the  tank,  which,  when  brought  into  proper  adjustment,  would  bring 
about  a  Tni^iTniim  of  motion  of  the  central  element,  namely,  the  ship,  and  the  maxi- 
mum activity  of  the  water  penduliun.    But  it  was  found  upon  trial  that  this  relati(m 
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was  not  <mly  critical  to  the  point  of  being  theoretical,  but  Yery  difficult  to  attain  and 
Ml  more  difficult  to  maintain,  the  waTe  period  being  nonpen^stent  and  Tery  erratic. 

AdfnvraUy.—-The  conatructian  bureau  of  the  British  Admiralty  after  critical  trials 
reported  that  the  stabiHaation  depending  upon  this  relatbn,  which  was  the  only 
stabiUsation  from  tanks  worth  mentioning,  could  only  be  secured  about  once  a  year, 
when  the  three  relations  happened  to  come  rig^t.  What  happens,  howoYer,  when 
^eee  conditions  are  wrong,  as  they  nearly  always  are,  is  that  the  tanks  increase  the 
roll  instead  of  decreasing  it. 

OAer  OavemmentB.'—TbB  French  and  Italian  Goremments,  after  critical  testing, 
abandoned  tanks  for  yirtually  ^le  same  cause. 

The  Btabiliring  tanks  placed  in  the  Imperator  and  her  sistw  ship  haye  been  remoYed. 

UnlUi  8Ma  QfyterwamU.—Osi  own  QoYemment  instituted  fwobably  the  most 
complete  set  of  trials  with  tanks  that  has  eYer  been  made.  A  Yessd  was  equipped 
with  no  less  than  three  stabiUaing  tankB--flKire  than  were  eYer  before  installed— each 
made  adjustable;  and  the  Yeidict  was  in  a  ratiier  unexpected  direction  and  character- 
istic of  the  keen  insight  of  our  officers.  This  Yerdict  was  timttiieNaYy  did  not  possess 
a  personnel  who  could  be  depended  upon  to  adjust  tfaa  periodidtgr  of  the  stabilizing 
tanks  so  as  to  bring  about  tiie  described  critical  relation  between  Uie  three  elements; 
witiiout  this  critical  relaticm  being  reached  and  maintained  the  tanks  were  not  only 
worthlesB  but  more  likely  to  be  a  menace  than  a  benefit. 

D%9ad»arUaga  of  tonlf.— Among  other  disadYantages  of  tanks  is  the  bc%  HaX  the 
construction,  together  with  the  watw  in  the  tanks,  has  to  run  up  as  high  as  6  per  cent 
of  the  total  displacement  of  the  ship  to  be  at  all  ^ectiYe.  The  specific  graYity  of  water 
being  only  1,  the  tanks  haYe  to  be  Yery  large.  They  are  literally  filled  with  stiffeners 
and  stream-flow  plates,  and  are  therefore  also  heaYy.  Furthermore,  they  are  com- 
pelled to  occupy  the  most  Yaluable  amidship  section  of  the  ship  at  its  fullest  beam, 
otherwise  Iheir  leYer  arms  are  inadequate,  and  they  haYe  to  be  made  still  larger, 
heaYier,  and  more  unwieldy. 

After  years  of  iuYestigation,  this  system  of  stabilization  has  been  condemned  and  its 
use  discontinued.  At  best,  all  of  these  systems^  regardless  of  their  (Mrigin  or  character, 
are  passiYe  and  seek  only  to  dimitiiefti  to  a  certain  extent  the  rolling  of  ships. 

Tht  new  pnnciple. — In  contradistinction  to  this  class,  the  new  stabilizer  is  offemsYe 
in  its  method.  It  approaches  the  proposition  from  an  entirely  new  standpoint, 
namely,  the  suppression  of  all  roll,  neYer  allowing  the  ship  oYon  to  begin  to  roll, 
this  beii^  accomplished  in  the  simjrfest  possible  manner.  Departing  entirely  from 
anything  that  has  to  do  with  either  the  period  of  the  ship  or  the  period  of  the  waYes, 
the  gyro  i^oceeds  aggiossiYely  against  each  disturbance— not  after  it  has  produced  its 
full  dfect  upon  the  ship,  but  instantly  and  simultaneously  with  ita  primal  effort  to 
disturb  the  ship— with  a  counter  effort  of  exactly  the  same  dimensions  created  and 
accurately  timed  so  as  to  neutralise  and  exactly  cancel  each  disturbing  force  as  it 
reaches  the  diip  from  the  sea. 

RoUing  o/tMpt.— All  rolling  of  ships  is  due  to  an  accumulation  of  individual  waYe 
Incrwnents,  and  it  becomes  necessary  only  to  check  or  neutralize  each  increment 
as  it  arriYes  to  prevent  the  ship  from  ever  commencing  to  roll.  Thus  the  ship  never 
rolls. 

Now,  it  is  known  that  owing  to  the  great  mass  of  a  ship,  and  the  fact  that  the  move- 
ment of  this  mass  must  obey  the  law  of  its  natural  period,  a  time  factor  always  exists 
beime  the  ship  can  get  under  way  and  move  in  response  to  any  disturbing  force- 
that  is,  a  certain  lag  exists  between  the  time  of  the  application  of  a  force  and  the 
motion  on  the  part  of  the  ship  responsive  to  that  force.  This  time  lag  might  be 
seized  upon  and  utilized  for  getting  under  way  the  generation  and  production  of 
the  counter  forces  which  are  to  exactiy  balance  and  cancel  each  disturbance;  but 
just  here  comes  in  an  interesting  f^Mrt,  namely,  that  in  practice  it  is  unnecessary  to 
use  more  than  3  to  5  per  cent  of  this  time  lag;  every  opposing  moment,  independent 
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of  direction,  being  generated  and  applied,  to  all  intuits  and  purposes,  simultaneonaly 
with  the  disturbance,  neutndizing  the  same  and  leaving  the  ship  absolutely  stress 
free  and  therefore  motionless. 

Remarkable  advantages  eeeured.—ThBte  is  no  reason  further  why  ships  should  r^ 
when  equipped  with  this  form  of  stabilization,  because  it  is  possible  to  fit  in  evofy 
ship,  regardless  of  size,  a  simple,  self-acting  equipment  of  insignificant  size  and 
weight  as  compared  with  its  performance,  to  deal  with  and  effectually  quench  aU 
beginnings  of  roll  with  this  equipment.  The  vessel  invariably  stands  upright,  rid- 
ing the  waves  and  billows  very  much  more  naturally  in  this  positum  than  when  wal* 
lowing;  both  the  vessel  and  cargo  are  saved  from  the  severest  and  most  destructive 
kind  of  stresses  and  wrenching  to  which  it  is  well  known  that  a  rolling  ship  is  sub- 
jected; the  ship  is  found  to  make  very  much  better  speed  with  leas  steam;  and  the 
steering  remains  practically  perfect,  differing  from  the  steering  of  a  rdlHng  vessel 
in  a  degree  difficult  to  believe  until  actual  experience  has  been  had. 

Ease  of  riding  toovet.— There  is  an  entire  absence  of  pounding  of  the  waves,  or  any- 
thing of  this  nature,  such  as  one  n^ght  be  led  to  expect  before  actual  experience  ib 
had.  In  contemplating  this  part  of  the  phenomenon,  one  should  remember  the  great 
contrast  between  a  ship  freely  riding  the  seas  and  a  buttress  or  dock,  especially  as 
bearing  upon  this  particular  feature.  We  have  now  had  a  great  mass  of  experience 
and  data  on  this  point,  and  the  inf requency  with  which  even  spray  comes  aboard  is 
very  marked.  The  ease  with  which  the  boat  gently  and  slowly  rises  and  then 
slowly  recedes,  as  the  waves  approach  from  the  windward  and  pass  under  and  out 
to  sea  on  the  lee,  is  nothing  short  of  marvellous— an  unfailing  and  continuous  source 
of  surprise  and  wonder  to  those  who  have  never  experienced  the  sensation  of  going 
to  sea  on  a  stabilized  ship. 

The  active  type  of  gyro  stabilizer  perfonns  its  functions  with  most  remarkable 
ease  uid  smoothness.  The  processional  movements  are  extremely  slow  and  deliber- 
ate—so much  so  that  one  would  not  believe  that  the  instantaneous  results  actually 
achieved  could  be  traceable  to  this  source.  The  power  required  for  the  preoesricm 
motor  is  negligible.  The  reason  for  this  is  that  the  seas  are  continually  doing  wofk 
upon  the  gyro;  the  seas  being  dynamic,  the  gyro  being  dynamic,  and  the  connecring 
link  between  these  two  dynamic  forces  being  by  pure  statics  through  the  ship's 
structure. 

Ofro  phenomena. — ^All  of  this  is  made  possible  by  the  very  unusual  characteristics 
inseparably  connected  with  gyroscopic  phenomena.  This  gyroscopic  reaction  is 
without  parallel  in  any  other  field  of  science.  I  now  refer  to  the  remarkable  quality 
of  the  gyroscope  to  create  dynamic  forces  from  pure  statics. 

lUusirated  by  toy  gyro. — ^This  is  easily  illustmted  by  a  little  toy  g}rroscope  which, 
when  spinning  at  a  high  rate,  shows  this  reaction  perfectly;  the  phenomenon  of  pre- 
ceesional  movement  passing  through  the  whole  range  of  180^  by  a  pure  static  pressure 
applied  to  the  outer  ring.  Upon  careful  observation  it  will  be  found  that  this  static 
pressure  is  almost  Simon  pure— that  is,  free  of  motion;  and  when  all  of  the  joints  are 
free  and  lubricated,  almost  no  motion  whatever  is  taken  on  by  the  outer  ring  during 
the  full  180'^  processional  movement  of  the  inner  ring.  Now,  applying  this  to  the 
ship,  we  find  that  while  stabilizing  the  ship  against  heavy  seas  the  gyro  equipment  is 
very  active,  as  are  also  the  dynamic  forces  of  the  sea;  and  as  the  latter  are  augmented 
the  dynamic  effects  of  the  gyro  are  found  to  be  correspondingly  increased.  But, 
as  we  have  seen  in  the  toy  gyro,  the  greatest  movements  of  the  gyro  result  solely  and 
entirely  from  static  pressures  that  are  transmitted  to  it  from  the  sea  through  the  struc- 
ture of  the  ship,  without  the  slightest  necessity  of  motion  on  the  part  of  the  ship 
itself.  The  transmission  is  from  the  dynamic  disturbance  to  the  dynamic  resistance 
through  pure  statics,  and  this  is  the  reason  why  it  becomes  entirely  unnecessary 
for  the  ship  to  take  on  mot'on,  it  only  being  necessary  for  the  ship  to  act  as  a  medium 
for  the  transfer  of  static  stresses  of  comparatively  small  magnitude  and  without 
motion. 
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Fio.  1.— Method  c  1  mounting  tbe  directive  ele- 
ment  of  the  gyro^x^mpMB. 


Fio.  2.— Master  compass  with  covers  Fio.  3.— Master  compass,  lower  part  of 

removed.  binnacle  down. 


Fio.  4.— Large  type 
repeater  compass, 

bracket  mounting  yjo.  5.— The  repeater  compass,  operated  by  the  master 

with  Junction  box  compass  and  set  at  any  convenient  point  in  the  ship, 

and  dimmer.  It  is  also  made  in  a  portable  form  that  may  be  carried^ 

about  within  the  radius  G 

submarine  fires  a  torpedo  i 


;able  form  that  may  be  carried      t 
s  of  the  electric  cord.    When  QQ  [Q 
do  it  is  "sighted"  by  compass,  O 


~>  I~..^1..^K1m 


Fig.  6.— Master  compass  card,  from  helmsman's  position. 


Fig.  7.— Tlie  rotor  of  the  gyro-oompass 
weighs  45  pounds  and  revolves  at 
about  8,600  r.  p.  m. 
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Fig.  8.— Main  supply  panel. 


Fig.  9.— Synchronizing  and  repeater  panel  for 
15  outlets,  with  transmitter  relay  panel. 


Fig.  10.— Recording  compass. 
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Fio.  11.— Battleship  equipment  with  single  master  compass. 


Fio.  13.~8ubmaiine  equipment. 


Digitized  by  VjOOQIC 


Fio.  16.  — U.  8.  S.  Wordtn 
rolled  by  the  gyro  in  still 
water. 
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CvirrM  MOWING  thb  Psktobmamcs  or  thb  "Activb"  Ttpb  or  GvROscorB  in  Stabiluiho  a 
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Fig.  17.— Performance  curves  of  gyroscope  stabilizing  ship  model. 


Fio.  18.— The  Widgeon,  showing  Sperry  stabilizer  installed. 


Fio.  19.— Gyroscopic  roll  and  pitch  recorder. 


Fio.lQA.— The  roll  and  pitch  recorder  is  used  for  determin- 
ing the  size  of  stabilizer  required  as  well  as  for  recording 
acceptance  tests. 
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FiQ.  20.— Ship  stabilizer  rotor. 


Fig.  21.— The  Widgeon  rotor  is  3  feet  in  diameter  and  has  a 
motor  built  in  the  shaft. 


Fig.  22.— Widgeon  stabilizer  assembled. 
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FiQ.  23.— Casing  for  large  stabilizer. 


Fig.  24.— Control  gyro. 
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Fig.  25.— Precession  unit. 
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Fig.  29.— Double  Servo  motor. 


Fio.  31.— Slabilized  tcle.sco^ie. 


Fig.  32.— (Jyrosc'Dpic  nrtiflcml  horiron 
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The  mote  one  contemplates  the  imuBual  nature  of  the  active  gyroscope,  the  more 
the  poflsibiiities  of  its  usefuhiesB  and  effecHveneas  lo<»n  up  and  are  emphasized. 

SmaU  8%u, — Rendering  the  gyroscope  active  instead  of  passive  is  found  to  cut 
down  the  size  and  total  weight  of  the  equipment  to  a  very  marked  degree. 

We  now  have  in  hand  contracts  for  stabilizing  three  ships  of  the  United  States 
Navy,  including  one  of  10,000  tons,  the  total  weight  of  the  plant  being  about  80 
tons.  This  makes  the  weight  of  the  stabilizing  plant  complete  only  0.8  of  1  per  cent 
of  the  ship's  displacement.  Besides  this  we  are  stabilizing  11  yadits  ranging  in 
size  from  the  small  submarine  chaser  of  18  tons  to  a  1,200-ton  ocean-going  yacht. 

Figure  13  shows  the  middle  section,  less  than  50  per  cent  of  the  length  of  the  U.  S.  S. 
WordeHf  with  the  gyro  stabilizer  in  the  small  rectangular  frames  on  the  deck  in  the 
middle  of  the  fgure. 

Figure  14  shows  one  of  the  gyros  in  the  housing  at  the  time  of  shore  trials. 

Figure  15  shows  the  gyroscope  with  the  housing  removed,  the  massive  precession 
frame  and  spinning  axle  of  the  wheel  being  clearly  shown. 

Figure  16  shows  the  U.  S.  S.  Worden  rolled  in  stiL  water  by  the  gyrocsope. 

Figure  17  is  an  automatic  record  of  curves  showing  performance  of  the  active  type 
gyroscope  in  stabilizing  a  heavy  ship's  model  against  waves  artificiaUy  created,  the 
moments  of  which  are  greater  than  the  theoretical  stabilizing  power  of  the  gyro. 

Turning  now  to  the  yacht  Widgeoriy  plying  the  Great  Lakes,  owned  by  Mr.  H.  M. 
Hanna,  jr.,  of  Cleveland,  which  has  been  successfully  stabilized  with  the  gyro  equip- 
ment, it  should  be  stated  that  the  space  selected  as  best  suitable  under  all  conditions 
for  the  location  of  the  plant  was  on  deck  just  abaft  the  stack,  where  it  has  been  sur- 
rounded by  a  cabinlike  housing  (shown  in  process  of  building  in  fig.  18),  conforming 
with  the  superstructure  of  the  yacht,  and  provided  with  windows  permitting  full 
observation  ol  all  of  the  movements  and  oscillations  of  the  gyro,  which  are  known 
to  be  more  or  less  unusual  and  interesting  in  character.  The  total  weight  of  the  equip- 
ment is  about  1  per  cent  of  the  displacement. 

This  yacht  was  looked  upon  as  being  a  very  free  roller  and  has  been  reported  to 
have  rolled  through  an  arc  of  70°  or  thereabouts.  The  gyroscopic  roll  recorder  (two 
views  of  whidi  are  shown  in  fig.  19)  afterwards  employed  in  this  ship  showed, 
however,  that  the  estimate  of  roll  from  the  ship's  clinometer  may  have  exaggerated 
this  arc  to  some  extent.  After  installation  it  was  found  that  when  the  gyro  was 
thrown  '"off"  a  free  roll  of  fnnn  24"^  to  40*'  of  total  arc  was  quickly  developed  while 
the  boat  was  running  in  the  trough  of  a  moderate  sea,  and  when  the  gyro  was  thrown 
''on"  this  was  quickly  reduced  and  held  at  2°  or  3°. 

From  the  characteristics  of  the  Widgeoriy  the  position  selected,  and  the  fact  that  a 
little  gasoline  electric  generator  installed  for  the  purpose  was  available  for  driving 
the  gyro,  a  wheel  of  3  feet  diameter  by  10-inch  face,  was  adopted  as  the  size  be^t 
suited  to  the  conditions.  This  wheel,  shown  in  figure  20,  is  run  at  very  low  fiber 
stress,  giving  a  very  laige  factor  of  safety,  the  maximum  stress  being  about  12,000 
pounds.  The  current  supply  being  direct  current,  a  direct-current  motor  was  con- 
structed practically  as  a  part  of  the  rotor  shaft,  as  is  shown  in  figure  21. 

In  reviewing  this  figure  it  is  interesting  to  note  how  small  a  motor  is  really  required 
to  maintain  such  a  wheel  as  this  at  a  speed  of  about  2,750  revolutions  per  minute,  this 
motor  having  run  the  wheel  repeatedly  to  3,500  for  overstressing  and  test  purposes, 
the  motor  shown  in  the  cut  being  in  excess  of  the  actual  spinning  requirements  by 
fully  300  per  cent,  for  quickly  eneigizing  the  mass  in  getting  up  to  speed. 

At  the  ends  of  the  shaft  are  located  the  main  bearings  which,  though  specially 
made,  are  the  ordinary  annular  ball  type,  ample  provision  being  made  for  taking  care 
of  the  end  thrust. 

The  casings  and  general  appearance  of  the  gyro  are  shown  in  figure  22. 

Figure  23  shows  the  very  small  gyro,  which  has  held  a  200-foot  yacht,  displacing 
500  tons,  on  practically  an  even  keel  during  a  very  heavy  storm. 
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The  system  of  control  is  practically  identical  with  that  which  was  finally  adopted 
in  the  last  experiments  on  iJie  ITordm— that  is,  a  small  auxiliary  gyro,  diown  in  figam 
24,  is  employed  to  feel  ont  the  incipient  rolling  of  the  ship  by  closing  small  electrical 
contacts  plainly  to  be  seen  as  soon  as  the  ship  rolls  very  slightly  one  way  or  the  other. 
These  contacts  are  required  to  handle  only  a  very  few  watts,  in  htct,  abont  one-quarter 
of  the  energy  of  an  ordinary  incandescent  lamp,  and  throng^  a  relay  switch  serve  to 
actuate  a  small  reversing  motor,  which  constitutes  the  precession  motor,  shown  in 
figure  25.  This  motor  processes  the  gyro  upon  its  main  supporting  gudgeons  at  the  ends 
of  the  frame,  where  the  gyro  lays  hold  upon  the  ship  to  control  its  movements. 

AUTOMATIC  PILOT. 

The  Sperry  aeroplane  stabilizer  or  automatic  pilot,  shown  in  figure  26,  is  a  substantisl 
and  thorouiMy  tested  instmmettt,  wMdi  has  for  its  purpose  the  automatic  correctioii 
of  the  sMg^test  departure  of  an  aeroplane  from  any  desired  attitude  or  alignment  <d 
fiight  to  which  it  is  set. 

This  instmment  is  used  in  the  United  States,  En^and,  France,  Italy,  Russia,  and 
Japim. 

It  first  came  into  prominence  whan  it  was  entered  in  the  Conooune  par  L'Uiiion 
pour  la  Security  en  Aeroplane  in  France  during  the  summer  of  1914.  The  "nuovel- 
ouB  "  feats  accomplished  by  it  caused  the  judges  to  award  it  the  first  prise.  A  picture, 
taken  by  a  moving-picture  camera  the  day  of  the  contest,  is  shown  in  figure  27.  The 
mechanician  is  seen  standing  out  on  the  wing,  where  he  walked  back  and  forth,  pro- 
ducing a  strong  upsetting  couple,  while  the  pilot,  as  may  be  noted,  stood  with  both 
hands  above  his  head,  the  equilibrium  of  the  aeroplane  and,  in  fact,  complete  auto- 
matic fiight  being  maintained  by  the  gyroscopic  stabilizer. 

The  full  value  of  such  an  apparatus  can  be  appreciated  only  by  those  who  have 
experienced  the  difficulties  of  flying,  especially  under  unfavorable  atmospheric  con- 
ditions. The  pilot  is  not  only  relieved  of  the  nervous  and  physical  fatigue  of  main- 
taining equilibrium  and  flying  his  machine  but,  his  hands  bdng  free,  is  enabled  to 
draw  mops,  drop  bombs,  etc.,  for  which  an  observer  has  heretofore  b^n  required. 
The  increased  ability  for  carrying  fuel  and  war  munitions,  due  to  the  elimiiiation  of 
the  passenger,  especially  on  the  smaller  and  cheaper  machinee,  will  be  recognised 
at  once  as  an  important  factor.  Furthermore,  on  ^e  later  large  America  and  Dread' 
naught  classes,  where  it  is  more  dif9cult  and  even  almost  impossible  directly  to  handle 
the  controls  by  a  single  aviator,  the  power  control  automatically  handled  by  tlie 
stabilizer  becomes  practically  indispensable. 

The  gyro-unit  of  the  automatic  pilot  equipment,  diown  in  figure  28,  comprises  a 
gyroecopically  stabilized  ring  supported  in  gimbals.  The  gyros,  woiidng  in  conjunc- 
tion with  a  force  impressor  system,  hold  this  ring  perfectly  horizontal,  irrespective 
of  any  movement  of  the  aeroplane. 

Two  clinometer  scales  are  provided  on  this  unit,  indicating  in  degrees  the  exact 
relation  of  the  aeroplane  to  the  horizontal  at  all  times,  L^  indicating  the  longitudinal 
and  L^  the  lateral  attitude  of  the  aeroplane. 

A  generator  driven  directly  by  an  air  turbine  is  provided  to  supply  direct  current 
for  manipulating  the  controls  and  also  three-phase  alternating  current  for  spinning 
the  gyros. 

Supplementing  the  generator  is  a  9-pound  storage  battery  having  a  S-ampere-hour 
capacity  at  20  vdts.  Normally  the  battery  fioats  on  the  generator  leads,  but  in  esse 
the  generator  is  not  up  to  speed  or  fails,  the  battery  furnishes  current  to  operate  ihe 
appliances  on  the  aeroplane,  an  automatic  cut-out  switch  being  provided  to  pfevent 
its  discharging  through  the  generator. 

The  servo  motor,  figure  29,  operates  the  manual  control  levers  as  directed  by  the 
position  of  the  brudies  on  the  gyroscopic  imit. 

Four  magnetic  clutches  are  contained  in  the  servo  motor  and  are  arranged  in  psin 
in  such  a  manner  that  each  pair  controls  a  drum,  Bl  and  B2,  around  which  the  control 
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wires  are  led  from  the  manual  controls.  One  drum  mores  the  longitudinal  and  the 
other  the  lateral  control  of  the  aeroplane. 

Power  for  the  servo  motor  is  derived  from  a  fam  driven  by  the  forward  velocity  of 
the  aeroplane.  Constant  speed  is  maintained  by  automatic  variation  of  the  pitch 
angle  of  the  blades. 

The  stallemometer  is  employed  to  search  out  the  velocity  of  the  aeroplane  through 
the  air.  When  for  any  reason  this  velocity  approaches  the  danger  point  by  the 
aeroplane  slowing  up,  the  staUemometer,  working  through  the  stabiliser,  causes 
the  aeroplane  to  be  volplaned  to  an  angle  of  about  20^,  and  when  a  saf^  speed  is  again 
reached,  which  is  very  soon,  it  allows  the  auto-pilot  to  straighten  the  plane  out  after 
the  danger  has  passed.  This  is  an  attachment  that  contributes  very  materially  to 
the  safety  of  flight. 

Tlie  aeroplane  is  navigated  automatically  at  all  times,  but  by  means  of  the  little 
control  lever  D,  shown  in  figure.  26,  the  aviator  may  change  at  will  the  plane  of  (he 
machine,  which  will  then  go  forward  in  its  new  position.  In  foct,  it  is  at  all  times 
under  perfect  control. 

A  stabilized  telescope,  figure  90,  is  found  to  be  a  most  excellent  adjunct  for  extremely 
accurate  observation  of  the  surface,  especially  in  flints  at  great  heights,  as  is  found 
necessary  in  military  service  where  the  anti-aircraft  guns  drive  the  aviator  to  about 
6,000  feet. 

It  win  be  seen  from  the  above  that  the  gyroscope  is  rapidly  coming  into  its  own 
and  is  proving  itself  to  be  an  instrument  of  very  great  usefulness  and  wide  application, 
not  only  in  making  its  contribution  to  safety,  as  it  does,  but  also  in  yielding  a  base 
Une  of  great  rigidity  and  reUabiHty,  for  which  there  are  many  uses;  and  furthermore 
in  operating  as  a  powerful  stabiliser  which  can  be  relied  upon  to  suppress  and  anni- 
hilate practically  every  kind  of  oscillation,  including  the  rolling  of  ships. 

A  Delegate.  I  would  like  to  ask  Mr.  Sperry  whether  the  gyro- 
scope, in  resbting  the  action  of  the  wayes,  causes  any  undue  strain 
in  the  ship  that  might  strain  it  or  hurt  it  in  any  way  beyond  its 
elastic  limits? 

Mr.  Sperrt.  That  is  a  question  that  is  always  asked.  The  beauty 
of  it  is  that  we  know  what  those  strains  are.  A  few  years  ago  Sir 
William  Watt,  the  greatest  nayal  architect  we  had  at  that  time  in 
England,  was  asked  that  question,  and  his  answer  was  characteristic. 
He  said,  ''Tes,  to  a  mechanical  engineer  these  strains  are  very  high, 
but  to  a  naval  architect,  forget  them."  Admiral  Taylor  here  is 
putting  a  stabilizer  on  a  10,000-ton  ship  so  that  that  ship  will  neyer 
roll. 

A  Delegate.  So  that  you  would  not  haye  to  shift  that  strain  t 

Mr.  Spebbt.  No.    The  strains  rise  very  easily  to  the  maximum. 

The  Chatrman.  Are  there  any  other  questions  to  be  asked  of  Mr. 
Sperry}  If  not,  I  am  sure  we  all  wish  to  give  him  a  hearty  vote  of 
thanks  for  his  admirable  discussion  of  this  subject. 

Mr.  Sperbt.  I  thank  you  very  much,  I  am  sure. 

The  Chairman.  We  have  the  pleasure  also  of  having  another  man 
of  international  reputation  who  will  address  us  this  morning  on  the 
subject  of  motion  study.  Without  further  remarks  I  shall  introduce 
Mr.  Frank  B.  GObreth,  member  of  the  American  Society  of  Mechan- 
ical Engineers,  of  Providence,  R.  I. 
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CHRONOCYCLEGRAPH  MOTION  STUDY  DEVICES  FOR  MEASURING 

ACHIEYEMENT. 

By  FRANK  B.  GILBRETH, 
Consulting  Management  Engineer, 

AND 

LILLIAN  M.  GILBRETH. 

The  great  need  of  thia  age  is  the  conservation  of  the  human  element. 
Itjwill  be  the  aim  of  this  paper  to  show: 

1.  That  the  human  element  can  be  more  efficiently  utilized,  and  omserved  to  a 
greater  degree,  by  the  elimination  of  uselees,  Ineffective  and  ill-dliected  motionB. 

2.  That  permanent  ehmination  of  such  motions  necessitates  standardizing  the  mo- 
tions used  in  any  activity. 

3.  That  standardization  demands  accurate  devices  for  measuring  achievement. 

4.  That  chronocyclegraph  motion  devices  measure  achievement  accurately,  and 
thus  provide  for  standa^ization  and,  ultimately,  for  motion  economy. 

Stupendous  as  the  financial  loss  to  the  entire  world  is,  on  accoimt  of  the  great  war 
that  is  now  being  waged  in  many  coimtries,  and  affecting  all  countries,  it  is  as  nothing 
compared  to  the  world's  loss  of  the  human  element.  This  is  not  only  a  loss  that  is  being 
felt  by  this  generation,  but  it  is  a  loss  that  will  be  felt  for  many  generations  to  come.  It 
is,  therefore,  a  great  world  problem,  demanding  the  attention  of  all  of  us,  to  conserve 
and  utilize  humanity  in  every  way  possible.  This  problem  has  two  aspects.  The 
first  is  the  utilization  of  those  directly  affected  by  the  war,  either  by  being  crippled  or 
maimed  through  some  injury  received  in  the  war,  or  by  being  forced  to  become  pro- 
ductive'members  of  the  commimity  through  loss  or  crippling  of  the  earning  members 
of  the  tiunily  caused  by^the^war.  The  second  is  the  more  efficient  utilization  of  all 
other'members  of  the  community,  in  order  to  make  up,  as  far  as  possible,  for  the  loss  in 
productive  power  of  individuals  either  killed  or  rendered  in  some  way  less  efficient  by 
the  war. 

The  need  for  economy  in  the  expenditure  of  human  effort  is  not  new.  Even  in  the 
days  of  the  Pharaohs  there  was  the  realization  that  every  ounce  of  strength  of  the  worker 
was  of  value,  as  is  plainly  shown  by  photographs  of  the  ancient  carvings  and  other 
records  of  their  industrial  practice.  There  was,  unfortunately,  in  those  times  little 
or  no  appredation  of  the  humanitarian  side,  of  the  need  for  conserving  the  worker  for 
his  own  happiness  and  for  the  ultimate  good  of  the  race  or  the  country.  The  practice 
was  to  extract  every  ounce  of  effort  from  the  worker  in  the  shortest  amount  of  time 
possible,  taking  little  account  of  the  amount  that  the  worker's  life  was  shortened  by  the 
process.  With  the  ages  has  come  an  appreciation  of  the  greater  benefit,  not  only  to  the 
individuals  in  society,  but  to  society  as  a  whole,  to  be  derived  by  prolonging  the  life  of 
the  worker  and  increasing  the  number  of  happiness  minutes  that  he  enjoys.  With  the 
spread  and  growth  of  the  movement  for  conserving  material  things,  such  as  forests, 
mines,  and  other  natural  resources,  and  the  utilization  of  the  sources  of  en^lgy,  such  as 
water  power,  has  come  an'appreciation  of  the  field  for  conservation  of  the  human  ele- 
ment. With  the  growth  of  the  science  of  management,  and  the  emphasis  laid  on  motion 
studyjand  bitigue  study,  has  come  an  appreciation  of  the  methods  that  may  best  be 
used.'to  effect  this  omservation.  Now,  with  the  enormous  need,  has  come  the  realiza- 
tion that  practice  of  this  conservation  should  be  started  immediately,  and  maintained 
permanently,  or,  at  least,  for  generations  to  come,  if  the  world  ever  expects  to  recover 
from  its  stupendous  and^almoet  incalculable  war  loss. 

''Economy  **  has  become  the  watchword  of  the  day,  and  it  is  an  excellent  watchword, 
but*the  practice  of  unstudied  economy  is  apt  to  lead  to  serious  economic  disturbances. 
The  first  step  in  rational  economy  consists  of  investigating  the  relation  between  econ- 
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omy  and  waste  elimination .    It  is  necessary  to  realize  the  need  to  eliminate  the  useless 
and  the  need  to  utilize  to  the  fullest  capacity  ev6r3rthing  that  is  of  use.    This  requires : 

1.  The  determination  as  to  what  is  useless  and  as  to  what  is  useful. 

2.  The  determination  as  to  the  most  efficient  method  of  utilizing  the  useful. 

That  is  to  say,  it  requires  accurate  measurement  applicable  to  activity.  The  problem 
is  not  simple,  for  along  with  the  activity  and  its  resulting  achievement  and  output 
comes  the  fatigue  accumulated  by  the  worker  while  doing  the  work,  and  fatigue  is  a 
subject  concerning  which,  as  yet,  Uttle  is  known.'  Permanent  results  in  human  econ- 
omy demand  accurate  records  of  fatigue  coordinated  with  record^  of  achievement,  and 
witJi  records  of  the  methods  by  which  the  achievement  has  been  secured. 

To  find  and  apply  the  necessary  measures  for  achievement  and  fatigue  ia  primarily  a 
task  for  the  engineer.  His  training  impresses  him  with  the  importance  of  measure- 
ment. His  work  makes  him  skilled  in  the  use  of  measuring  devices.  Success  in  his 
profession  depends  chiefly  upon  the  continued  application  of  the  most  accurate  meas- 
tirement  available,  and  this  provides  the  incentive  necessary  for  the  maintenance  of 
the  scientific  method.  The  engineer  must  secure  the  cooperation  of  the  educator, 
the  psychologist,  the  physiologist  and  the  economist  before  he  can  hope  to  secure  com- 
plete data,  and  to  understand  the  full  interpretation  of  what  he  finds;  but  it  is  his  duty: 

1.  To  make  the'investigation  in  the  most  scientific  manner  of  which  he  is  capable. 

2.  To  submit  his  findings  for  comparative  study  by  others  and  for  the  use  of  the  world . 
This  paper  describes  and  attempts  to  make  useful  the  history  of  such  an  investiga- 
tion, a  search  for  and  the  devising  of  satisfactory  devices  for  measuring  achievement. 

It  is  a  fortunate  thing  to  be  bom  in  an  age  like  the  present,  when  the  scientific  spirit 
prevails  in  all  fields,  and  where  everything  can  be  legitimately  submitted  to  measure- 
ment. The  world-wide  desire  to  know  the  causes  made  it  a  simple  matter  to  realize 
that  large  output  or  achievement  was  not  in  itself  so  important  as  the  reasons  for  this 
achievement,  with  the  consequent  placing  of  the  emphasis  upon  the  methods  and  their 
results  rather  than  upon  the  results  alone.  The  writers  thus  became  impressed  early 
with  the  importance  of  obtaining  as  accurate  and  detailed  records  of  methods  as  possible, 
if  achievements  were  ever  to  be  accurately  measured. 

This  methods  study  was  formulated  into  motion  study,  and  divided  into  three  parte: 

1.  Study  of  the  variables  of  the  worker. 

2.  Study  of  the  variables  oi  the  surroimdings,  equipment,  and  tools. 

3.  Study  of  the  variables  of  the  motion  itself.' 

It  was  possible  to  make  fairly  satisfactory  records  of  workers  and  of  surroundingB, 
equipment  and  tools  with  an  ordinary  camera.  These  were  supplemented  by  de- 
scriptions in  great  detail  of  the  best  methods  observed,  even  to  the  making  of  diagrams 
showing  the  relative  location  of  the  worker's  feet  and  the  position  of  the  working  equip- 
ment. Through  such  records  conspicuous  wastes  in  human  energy  became  at  once 
apparent,  and  various  inventions  of  devices  that  cut  down  the  amoimt  of  effort  neces- 
sary, or  eliminated  needless  fatigue,  were  made.^  With  these  inventions,  and  the 
comparison  of  the  motions  resulting  from  them  with  the  motions  used  before  the  inven- 
tions, there  was  instantly  an  added  appreciation  of  the  importance  of  a  study  of  the 
elements  of  the  motions  themselves. 

With  the  writers'  acquaintance  with  Dr.  Taylor  and  his  epoch-making  discovery  of 
the  necessity  for  recording  unit  times,  came  an  added  appreciation  of  the  need  for 
including  time  study  with  motion  study.  The  great  problem  was  to  record  the  motions 
used.  The  cinematograph  was  finally  resorted  to  as  an  accurate  recording  device. 
The  invention  of  a  special  microchronometer  that  recorded  times  down  to  the  millionth 
of  an  hour,  made  possible  simultaneous  records  of  this  microchronometer  and  the  posi- 
tions of  the  worker  whose  activity  was  being  studied.  Even  the  first  records,  though 
unsatisfactory  in  many  respects,  demonstrated  the  practicability  and  usefulness  of 

»  See  ''Fatigue  Study,"  Sturgls  and  Walton,  31  East  2nh  Street,  New  York. 
«  See  "Motion  Study,"  D.  Van  Nostrand,  25  Park  Place,  New  York. 
»  See  "  Bricklaying  System,"  Myron  C.  Clark  Co.,  Chicago,  III. 
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these  methodfl  of  recording  modons.  litUe  by  little  the  method  was  improved.  An 
ordinary,  reliable  clock  was  placed  alongside  the  microchronometer,  in  order  to  senre 
as  a  check  upon  its  inaccuracy,  if  any  occurred,  and  also  to  provide  a  record  of  the  tims 
of  day  that  the  study  was  made,  in  the  resulting  picture.  Temperature  and  humidity 
records  were  included  upon  the  picture.  Signs,  describing  the  place  where  the  inves- 
tigation was  being  made,  the  name  of  the  investigator  and  the  date,  were  placed  for  an 
instant  in  the  field,  and  thtis  became  a  part  of  the  permanent  record.  The  original 
white  dial  with  black  marks  was  subsequently  changed,  at  the  suggestion  of  a  film 
reader,  to  a  black  dial  with  white  divisions  and  white  hands  that  left  a  clear,  shaip 
record  upon  the  picture,  and  recorded  the  elapsed  time  of  each  exposure.  The  worker 
and  the  timepiece  were  placed  in  front  of  a  cross-sectioned  background,  in  order  that 
the  motions  might  be  more  accurately  located.  The  ultimate  value  of  these  recordi, 
called  ''micromotion  records,"  far  exceeded  what  had  originally  been  expected. 
These  records  were  useful,  not  only  in  deriving  improved  methods  of  performing  wofk 
that  were  worthy  of  being  standardized,  but  also  in  serving  as  most  admirable  teaching 
devices.^  The  negative  films  were  used  originally  for  the  study  that  resulted  in  tht 
standards,  and  either  these  negative  films,  or  positives  that  appeal  more  readily  to 
those  not  trained  in  film  observation,  were  thrown  upon  the  screen,  and  served  ai 
topics  for  disBussion  in  the  foremen's,  managers',  and  executives'  meetings,  or  as 
demonstrations  of  the  best  methods  to  those  learning  the  industry.  Through  ths 
application  of  the  results  of  data  gathered  from  these  films,  large  savings  in  industrial 
practices  were  immediately  gained.  As  a  typical  example,  where  18  to  20  textile  ma- 
chines had  been  assembled  in  a  certain  shop  before  the  application  of  micromotioB 
study,  60  were  assembled  after  the  results  of  the  study  had  been  incorporated  in  tht 
shop  practice.  The  savings  were  the  direct  result  of  the  micromotion  study,  com- 
bined with  the  imp^ved  placement  or  assignment  of  the  workers  to  the  work,  and  the 
improved  surroundings,  equipment  and  tools  with  which  the  work  was  done,  that 
occurred  in  connection  with  it.  We  have  here  accurate  devices  for  rec(»tiing  achieve- 
ment and  for  measuring  the  amount  of  time  consumed  by  the  achievement.  The 
motions  that  made  up  the  method  by  which  the  achievement  was  secured  are  also  here 
accurately  recorded.  • 

If  the  aim  of  making  motion  standards  had  been  simply  to  provide  instruction  or 
time  study  data  for  those  already  skilled  in  the  art  of  doing  the  work,  the  micromotion 
records  would  probably  have  answered  every  requirement,  but,  important  as  it  is  that 
those  who  know  how  to  do  the  work  in  any  fashion  shall  be  taught  the  best  way,  it  ii 
even  more  important,  for  the  savings,  that  the  learner  shall  be  taught  the  best  way 
immediately;  that  is,  from  the  beginning  of  his  practice.  When  it  came  to  the  trans- 
ference of  skiU,  the  micromotion  records  were  not  completely  satisfactory  in  enabHog 
the  workers  to  visualize  the  path  of  the  motion  easily.  The  average  engineer,  wbe 
becomes,  through  his  training  and  the  necessities  of  his  work,  a  good  visualizer,  evea 
though  he  is  not  one  by  nature,  often  fails  to  realize  the  small  capacity  for  visualization 
possessed  by  the  average  person.  A  long  experience  in  teaching  in  the  industriei 
made  this  fact  impressive  and  led  to  the  invention  of  the  cyclegraph,  and,  later,  the 
chronocyclegraph  method  of  recording,  in  order  to  aid  the  nonvisualizing  worker  tt 
grasp  motion  economy  easily.  The  device  for  recording  the  path  of  the  motion  con- 
sisted of  a  small  electric  light  attached  to  the  forefinger  or  other  moving  part  of  the  body 
of  the  worker.  The  worker  performed  the  operation  to  be  studied,  and  the  path  trar 
versed  by  his  hand  was  marked  by  a  line  of  light.  An  ordinary  photographic  plate  or 
film  was  exposed  during  the  time  that  he  performed  the  work,  and  recorded  the  motion 
path  described  by  the  light  as  a  white  line,  something  like  a  white  wire.  A  stereo- 
scopic camera  enabled  one  to  see  this  line  in  three  dimensions.  This  line  was  called  • 
''cyclegraph,"  since  it  had  been  determined  a  cycle  was  the  most  satisfactory  unit  of 
motions  to  be  thtis  recorded,  and  the  method  was  called  the  "cyclegraph  method  of 

>  See  "The  Psychology  ol  Management/'  Sturgis  and  Walton,  31  East  27th  Street,  New  York. 
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motion  study."  A  study  of  cyclographs  shows  a  need  for  an  indication  of  time,  and' 
while  the  path  of  the  motions  is  apparent,  the  time  of  the  motions  is  not  shown  by  the 
plain  cyclegraph.  This  time  element  is  of  great  importance,  not  only  for  securing 
records  of  comparative  or  relative  time,  but  also  for  securing  records  of  exact  time. 
The  time  element  was  eventually  obtained  by  placing  an  interrupter  in  the  cuirent, 
that  transformed  the  white  line  of  the  cyclegraph  into  a  series  or  line  of  dots  and  dashes. 
This  made  of  the  cyclegraph  a  chronocyclegraph.  The  exact  time  is  secured  by  using 
a  tuning  fork,  vibrating  a  known  number  of  times  per  second,  as  an  interrupter.  The 
record  now  becomes  a  series  of  timed  spots,  and  the  method  becomes  the  "chronocycle- 
graph method."  The  number  of  spots  indicated  the  time,  and  the  distance  between 
spots  showed  the  speed.  The  next  step  was  to  record  the  direction  of  the  motion. 
This  was  done  by  using  the  right  combination  of  volts  and  amperes  and  filament  to 
eause  quick  lighting  and  slow  extinguishing  of  the  lamp.  This  combination  resulted 
in  maldng  the  light  spots  blunt  at  their  rear  or  first  ends,  and  pointed  on  their  forward 
•r  latest  ends.  The  points  themselves,  like  symbols  of  arrowheads,  show  the  direction. 
The  original  white  line  of  the  cyclegraph  is  now  superseded  by  a  series  of  arrowhead- 
shaped  spots  that,  to  those  who  understand  the  method,  furnish  full  information  of  the 
f  ath  in  three  dimensions,  relative  time  and  exact  time,  relative  speed  and  directions 
•f  the  motions  recorded.  Through  intensive  study  of  the  apparatus,  it  has  become 
possible  to  devise  differentiated  time  and  speed  spots,  and  thus  to  Hiatiwyiiwli  variotis 
motion  paths  in  the  same  stereograph.  This  means  that  we  can  now  attach  any  desired 
number  of  lights  to  different  working  members  of  the  worker's  body,  and  obtain  syn- 
chronous chronocyclegraph  records  that  are  accurate,  yet  that  differ  in  shape  from 
•ne  another  to  such  an  amount  that  it  is  possible  to  distinguish  each,  and  to  trace  the 
continuous  path  of  each  light  with  ease. 

The  latest  development  in  this  study  has  been  in  the  Une  of  cheapening  the  cost  of 
the  apparatus.  As  in  making  micromotion  studies  it  was  found  that  the  original  method 
could  be  much  cut  down  in  cost  by  using  the  same  film  as  many  as  sixteen  times,  so 
here  it  was  found  that  cheaper  t3rpes  of  interrupters  can  be  used  in  place  of  the  more 
adjustable  tuning  fork,  made  originally  for  the  extremely  accurate  tests  of  the  psycho- 
logical laboratory.  It  must  be  understood  that  forr  the  investigation  of  surgery  and 
like  types  of  activity,  and  for  use  in  investigations  in  psychological  laboratories,  and 
in  other  scientific  fields,  the  most  expensive  and  elaborate  of  apparatus  is  none  too  fine ; 
but  it  is  possible,  where  first  cost  mtist  be  considered,  and  in  much  work  in  the  indus- 
tries, to  make  records  accurate  enough  with  apparatus  that  is  within  the  reach  of  any 
•ne  desiring  to  own  it,  and  willing,  to  devote  time  to  learning  to  operate  it. 

With  the  study  of  the  chronocyclegraph  data  has  come  the  invention  of  the  penetrat- 
ing screen,  which  makes  it  easier  to  visualize  and  to  measure  the  elements  of  the  cycle 
being  studied .  It  was  desired  to  visualize  simultaneously  the  time  and  space  occupied 
by  the  motion.  As  is  so  often  the  case,  invention  was  here  held  back  by  a  belief.  In 
this  case  it  was,  *' Two  objects  can  not  occupy  the  same  space  at  the  same  time."  It 
took  years  to  realize  that,  while  this  is  usually  true,  a  photograph  can  show  them  as 
•ccupying  the  space  at  the  same  time.  This  multiple  exposure  method  made  it  possi- 
ble to  place  a  cross-sectioned  screen  in  any  place,  or  number  of  places,  in  the  picture. 
A  screen  may  be  placed  in  the  plane  in  which  the  worker  is  performing  his  chief  activity 
before  the  worker,  or  back  of  him.  The  worker  may  be  inclosed  in  a  three,  four,  five, 
•r  six-sided  box.  The  screen  may  be  set  at  any  angle.  In  short,  a  cross-sectioned 
screen  of  known  dimensions  can  be  introduced  at  any  place  where  it  will  enable  one  to 
secure  a  more  accurate  record  of  the  motion.  This  is  done  by  the  simplest  and  most 
inexpensive  means.  Take  a  sheet  of  black  paper  of  the  size  of  the  space  to  be  photo- 
graphed, and  cross  section  it  with  white  lines  at  any  distance  that  may  be  desired. 
Then  photograph  this  screen  at  my  place,  or  places,  desired,  by  exposing  the  film  each 
time  that  the  screen  is  at  a  different  predetermined  place.    It  is  important  that  the 
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time  of  the  expocniie  of  the  screen  be  right,  otherwise  it  may  either  be  difficult  to  set 
the  screen,  or,  on  the  other  hand,  the  screen  may  be  so  prominent  that  it  interfefes 
with  seeing  the  records  of  the  motions  themselves  easily.  The  cross  sectioning  bein^ 
properly  made,  expose  the  now  cross-sectioned  film,  and  photograph  upon  it  the  work 
being  studied.  The  resulting  photograph  gives  the  path  of  the  motion  laid  along  the 
cross-sectioned  plane  divided  into  any  space  elements  desired.  The  penetrating 
screen,  therefore,  now  furnishes  the  last  desired  feature  for  measuring  and  recording, 
namely,  exact  distance  of  motions.  This,  in  combination  with  the  foregoing  list,  now 
gives  us  records  of  exact  speeds. 

For  some  types  of  activity,  such  as  handling  a  drill  press,  a  record  taken  from  one 
direction  was  satisfactory,  and  its  close  study  enabled  one  to  double  the  output  of  the 
machine  with  no  added  fatigue  to  the  oi)erator.  With  other  operations,  such  as  the 
folding  of  cloth,  it  was  desirable  to  take  chronocyclegraphs  from  several  points  simul- 
taneously, in  some  cases  placing  the  camera  in  front  of  the  operator,  at  the  rifi^t  aide, 
at  the  left  side,  and  also  above.  A  study  of  these  records  led  to  the  realization  that  it 
would  be  a  great  advantage,  if  it  were  possible  to  study  the  motion  from  all  angles. 
An  advantage  to  the  motion-study  man  in  eliminating  all  useless,  inefficient,  and  ill- 
directed  motions  and  in  his  genend  education  in  motion  study.  An  advantage,  also, 
to  the  worker,  who  could  thus  see  his  motions  as  he  never  could  while  doing  the  wc^k. 
A  special  advantage  to  the  learner  desiring  to  acquire  the  skill  in  the  shortest  amount  of 
time,  and  with  the  least  amount  of  effort  possible. 

This  need  was  even  greater  in  the  case  of  surgery,  where  it  was  found  impossible, 
because  of  the  necessity  for  operating  conditions,  to  take  the  photographs  required  in 
the  usual  manner.  While  the  telephoto  lens  was  a  great  help  in  making  it  possible  to 
take  necessary  records  from  the  amphitheater  of  the  operating  room,  thus  neither  dis- 
turbing the  operating  conditions  nor  adding  a  new  variable,  through  the  presence  of 
an  observer,  tiiat  might  affect  the  methods  used,  here  also  the  need  for  viewing  the 
motion  at  other  angles  remained .  An  intensive  study  of  this  need  and  possible  means 
for  overcoming  it  resulted  in  the  invention  of  the  motion  model.  This  consists  of  a 
wire  model  that  exactly  represents  the  path,  speeds,  and  directions  of  the  motion 
studied.  As  many  cyclegraph  records  of  the  operation  taken  from  different  an^ee  as 
are  needed  are  made,  the  cross-sectioned  screen  being  introduced  at  those  places  where 
the  direction  of  the  motion  makes  a  decided  change.  These  cyclegraphs,  which  are  in 
every  case  stereochronocyclegraphs,  are  studied  through  a  stereoscope .  Motion  models 
are  made  by  looking  at  the  path  as  shown  throu^  the  stereoscope,  and  bending  the 
wire  to  conform  to  this  path.  The  wire  model,  when  completed,  is  placed  in  a  black, 
box  cross-sectioned  in  white,  the  cross-sectioning  being  placed  at  the  same  relative 
places  as  are  the  cross-sectioned  screens  in  the  original  picture.  If  the  i^otograph 
taken  from  the  same  angle  that  the  original  photograi^  was  taken  is  exactly  similar  to 
the  original  photograph,  the  model  is  considered  a  success.  Each  and  every  sub- 
division of  a  chronocyclegraph  has  its  significance,  and,  therefore,  the  model  must  be 
brought  to  this  state  of  perfection  before  it  is  considered  complete.'  Where  a  chrono- 
cyclegraph motion  model  is  desired,  the  spots  on  the  chronocyclegraph  are  repre- 
sented by  spots  painted  upon  the  model.  Black  and  gray  paint  being  used  upon  the 
wire  model  that  has  been  painted  white,  the  result  is  spots  of  white  fading  throu^ 
gray  to  black,  that  resemble  closely  in  shape  the  white  spots  seen  in  the 
chronocyclegraph . 

It  is  not  necessary  to  emphasize  in  this  place  the  educational  value  of  these  motion 
models,  especially  as  this  aspect  of  the  models  is  to  be  taken  up  in  a  paper  on  "Motion 
Models:  Their  Use  in  the  Transference  of  Experience  and  the  Presentation  of  Com- 
parative Results  in  Educational  Methods  "  to  be  given  before  Section  L  of  the  Ameri- 
can Association  for  the  Advancement  of  Science  this  same  week.    This  paper  will  be 

>  See  "AppUed  Motfon  Study,"  Sturgis  and  Walton,  New  York  City. 
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available  to  all  those  interested  in  this  aspect  of  the  subject.  It  need  only  be  said  here 
that  the  motion  models  not  only  enable  one  to  visualize  the  nonmaterial  and  intangible 
motion  path,  but  also  make  possible  the  teaching  of  motions  through  the  eye  or  throufl^ 
the  touch,  thusappealing  to  vision,  touch  and  the  kinesthetic  sensations.  Itis  po«ible 
also  to  use  the  ear  in  teaching.  Through  a  new  device  consisting  of  a  pendulum,  a 
bell,  and  a  flashing  lamp  time  records,  simultaneotis  with  the  other  motion  and  time 
records,  can  be  made.  The  same  devices  can  be  then  set  in  operation  while  the  work 
is  being  learned,  and  the  learner  can  count  by  listening  to  the  bell  at  the  same  time 
that  he  is  learning  through  his  eyes  or  his  fingers  by  means  of  the  motion  model.  The 
significance  of  all  these  devices  to  psychology  and  education  can  only  be  appreciated 
by  a  close  examination  of  the  models  and  cyclegraphs  themselves,  and  an  observation 
of  their  methods  of  recording  habit  or  lack  of  habit,  decision  or  indedsion,  grace  or 
awkwardness,  etc.  Habit  is  best  recorded  by  the  stretched  cyclegra]^,  which  allows 
of  the  various  lines  recording  habit  being  recorded  accurately,  yet  in  such  a  manner 
that  they  are  easily  distinguished  from  one  another.  These  aspects  of  the  motion 
models  are  important  to  the  engineer  in  so  far  as  he  is  a  teadier  and  interested  in  the 
learning  process. 

Of  perhaps  greater  importance,  however,  here  is  the  motion  model  as  a  means  of 
devising,  maintaining,  and  improving  standards.  Throu^  the  study  of  the  motion 
path,  either  as  shown  in  the  chronocyclegrai^  or  in  the  chronocydegraph  motion  model, 
and  through  a  comparison  of  such  graphs  or  models  showing  the  paths  of  different  opera- 
tors doing  the  same  kind  of  work,  it  is  possible  to  deduce  the  most  effident  method  and 
to  make  this  a  standard.  Moreover,  each  standard  motion  path  is  a  help  toward  de- 
ducing other  standard  motion  paths.  Through  an  intensive  study  of  motion  paths 
followed  in  doing  different  kinds  of  work  effidently,  there  has  come  a  recognition  of 
the  indications  of  an  efficient  motion,  its  smoothness,  its  lack  of  hesitation,  its  regular 
normal  acceleration  and  retardation  and  ite  use  of  habit.  The  effident  method  having 
been  standardized,  the  motion  model  or  cyclegraph  then  acts  as  a  definite  and  tangible 
embodiment  of  this  standard  motion,  thus  enabling  one  to  maintain  the  standard  with 
comparative  ease.  It  in  no  wise  precludes  improvement,  nor  suggests  lack  of  progress 
toward  the  ideal.  In  fact,  it  suggests  improvements  because  of  its  continued  avail- 
ability for  observation  and  study.  It  furnishes  a  very  definite  starting  point  from 
which  such  improvements  are  to  be  made,  as  well  as  a  measure  by  which  they  are  to 
be  rated  and  judged.  Through  a  comparison  of  the  motions  used  %n.  different  lines  of 
work,  in  the  industries,  in  surgery,  and  in  other  kinds  of  activity,  it  can  be  shown  that 
the  same  identical  motions  are  used  in  doing  what  are  usually  considered  widely 
different  t3rpes  of  work.  This  allows  of  an  instantaneous  location  of  the  place  where 
skill  is  lacking;  of  a  tremendous  amount  of  transference  of  effident  methods  from  one 
trade,  craft,  or  profession  to  another;  and  of  a  consequent  saving  in  time  and  energy. 
This  is  also  the  basis  of  our  new  classification  of  all  activities  in  accordance  with  their 
motions  and  decisions.  These  models  and  graphs  form  also  an  important  element  in 
proper  placement,  since  it  is  often  possible  to  determine  through  them  directly  a 
worker's  capability  of  learning  and  performing  the  work. 

The  data  contained  by  these  motion  devices  is  placed  upon  the  Simultaneous  Cydo 
Motion  chart.  This  analyzes  a  motion  cycle  into  its  component  parts,  and  indicates 
graphically  by  which  member  of  the  body,  and  in  what  method,  each  portion  of  the 
cyde  is  performed  .>  The  Simultaneous  Cyde  Motion  diart  is  made  on  cross-sectioned 
paper  with  the  various  working  members  of  the  body  used  as  column  headings,  and 
with  the  17  elements  of  the  motion  cyde  placed  vertically  on  the  chart.  By  the 
comparison  of  the  analyzed  motion  model  with  the  data  on  the  chart,  the  pottibiUty 
of  the  transference  of  work  from  one  working  member  of  the  body  to  another  is  indi- 
cated, and  the  field  for  invention  of  devices  or  for  more  effident  placement  is  indi- 

i«  Motkm  Study  for  the  Crippled  Soldier,''  A.  S.  M.  E.  Journal,  December,  1915. 
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cated.  The  Simultaneous  Cycle  Motion  chart  that  is  the  outcome  of  the  chronocyde- 
graph  motion  devices  has  been  used  by  the  writers  for  years  in  the  industiilae,  and  has 
been  presented  by  the  writers  for  the  benefit  of  the  crippled  soldiers,  in  whose 
interests  they  are  at  present  engaged,  with  the  collaboration  of  educators  in  Canada, 
England,  France,  Germany,  and  Russia  in  collecting  data.  The  engineers  of  this 
country  have  been  asked,  through  the  American  Society  of  Mechanical  Engineers, 
to  collect  and  send  in  all  data  available,  that  it  may,  by  the  use  of  this  Simultaneous 
Cycle  Motion  chart  and  the  models,  be  made  available  for  teaching  the  most  profita- 
ble motions  to  the  crippled  soldiers  of  all  the  warring  countries  abroad. 

Important  as  the  work  for  the  crippled  soldiers  is,  it  is,  as  has  been  indicated, 
only  a  part  of  the  conservation  work  that  must  be  done.  The  other  part,  the  conservm- 
tion  of  all  humanity  to  make  good  the  great  present  loss,  should  be  undertaken  by  a 
body  like  this  congress.  No  matter  what  work  is  done  by  the  individual  or  by  indi- 
vidual plants  or  trade  groups  or  industries  or  even  by  a  whole  country  to  cut  down 
waste  by  standardizing  motions,  there  will  be  an  enormous  loss  unless  all  nations 
cooperate  in  making  and  maintaining  standards.  There  b  no  excuse  here  for  holding 
secrets  from  one  another,  for  reinventing,  or  for  allowing  any  nation  to  fall  behind 
the  others.  There  Is  no  excuse  because  the  need  is  so  overwhelming  that  all  coun- 
tries should  hasten  to  start  international  standards.  Let  us  use,  therefore,  chiono- 
cyclegraph  motion  devices  as  an  aid  toward  making  the  much  needed  international 
standards.  It  may  seem  hopeless,  during  these  war  times,  to  attempt  to  enlist  the 
cooperation  of  the  countries  of  Europe,  but  surely  the  various  countries  of  North 
and  South  America  need  not  delay  in  starting  the  good  work.  This  body  here  assem- 
bled would  serve  as  the  most  admirable  headquarters  for  a  Bureau  <d  Pan  American 
Motion  Standards.  Undoubtedly  in  every  coimtry  here  represented  men  have 
thought  of  the  advisability  of  solving  this  great  problem  of  human  conservation  and 
have  done  what  they  could,  each  in  his  own  restricted  field,  and  largely  without 
encouragement.  It  would  be  a  wonderful  help  to  these  investigators  and  to  the 
world  at  large,  if  the  work  that  has  been  gradually  spreading  from  the  individual 
to  the  group  could  now  spread  also  from  this  representative  group  to  the  millions  of 
individuals  that  it  represents.  The  first  step  in  this  process  is  to  enlist  the  interest 
of  every  member  of  this  congress  in  the  necessity  for  human  conservation,  in  the  prac- 
ticability of  motion  economy,  and  in  the  belief  that  measured  standards  stimulate 
rather  than  stunt  invention.  The  world  must  come  to  think  of  efficiency  in  terms  of 
measured  elements  of  motions  and  to  concern  itself  with  providing  for  efficient  motions 
and  sufficient  rest  for  overcoming  fatigue  therefrom.  This  is  not  only  a  world  problem 
and  a  pressing  problem,  but  it  is  also  a  unifying  problem.  At  war  or  at  peace,  every 
nation  must  realize  the  importance  of  the  conservation  of  the  human  element.  If  we 
emphasize  this,  we  not  only  make  for  efficiency  in  that  more  work  may  be  accom- 
plished with  less  effort,  but  we  work  also  for  permanent  peace,  in  thiat  we  emphasize  a 
common  problem  and  suggest  a  common  solution. 

The  Chaibman.  Ladies  and  gentlemen,  we  have  two  more  papers 
on  the  program.  The  titles  of  these  papers  which  are  simply  to  be 
read  by  title  are  as  follows: 

Una  nueva  propiedad  involutiva  de  poUgonos  afectos  a  una  c6- 
nica,  by  Jos6  Isaac  del  Corral. 

M^todo  de  notaci6n  diagonal,  by  Rodolfo  AguUar  Batres. 
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UNA  NUEYA  FROPIEDAD  INYOLirnYA  DB  POLlGOKOS  AFBCTOS  A  UNA 

CONICA. 

Pot  JOSlfe  ISAAC  DEL  CORRAL, 
Ingeniero  de  minas,  BcAana,  Cuba, 

El  objeto  del  preaente  trabajo  es  dar  a  conocer  ante  el  re§petable  Congreso  Cien- 
tifico  Panamericano  una  nueva  pit^iedad  involntiva  dd  ex^no  inscrito  o  cir- 
cunacritD  a  una  c6nica,  cuya  propo0ici6n  preeenta  casos  partlcularee  notables. 

Para  mayor  claridad,  se  comenzar6  i>or  anunciar  y  demoetrar  loe  caaos  partieuiareB, 
d^ando  para  lo  Ultimo  el  teorema  principal  qtie  comprende  a  todoe  lod  aatoriored. 

Coino  la  involucidn  es  una  propiedad  proyectiva,  loe  teoremas  demostzadoe  para  ri 
cfrculo  reeultan  ciertoe  para  el  caso,  m^  general,  de  tranaformarae  dicha  curva  en  una 
c6nica  cualquiera. 

Es  innecesario  insistir  sobre  la  exactitud  de  este  m^todo  de  demostraci6n  del 
cual  tantos  notables  ejemploe  se  consignan  en  la  genial  obra  **TraiU  des  propUUs 
projecHves  des  figures**  de  Poncelet. 


r^y 


Fig.  1. 

Lad  demostraciones  sobre  el  cfrculo  se  hacen  en  este  informe  tomando  por  base  la 
elemental  proposici6n  de  que  las  dreas  de  dos  tridngiHos  que  tienen  un  dnguh  igual  o 
suplemerUario  son  entre  si  como  los  productos  de  los  lados  que  comprenden  dicho  dngulo, 

I. — SPARES  DE  PUNTOS  Y  DB  HACE8. 

1.  Siendo  A,  B^  C  y  A\  B\  (7  dos  sistemas  de  tres  puntos  situados  en  dos  rectas 
Ly  U  que  se  cortan  en  /,  loe  tres  pares  de  rectas  AB'  y  A'B,  A(y  y  A'C^  B(y  y  B^C 
se  cortan  en  tres  puntos  c,  &,  a  situados  en  Ifnea  recta. 

2.  Teorema  I. — Los  tres  puntos  a,  b,  c  y  las  interseccUmes  a',  V^cf  de  esta  recta  eon 
las  AA\  BB\  CC/ forman  una  involuci6n.    (Pigura  1.) 

Las  tres  igualdades 

^bA_^  a^    &a  VcB    Vc 

afcA'^arc  bcfC^&b  VaB^Va 

se  establecen  inmediatamente.    Pero  por  comparadones  sucesivas  se  encuentra 
tambien 

d'bA    bA,A'Cy,AB' 

a'cJrcA,ACy.A'B' 

a^C    aCB'CCA' 
WCbCWCjCTA' 

VcB    cB,A'B\BCy 
VaB^aB,A'B,B'(y 
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(1) 
(2) 
(3) 
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Aplicando  el  teorema  de  Menelao  a  los  triajigulos  A'h(y^  B'aC^  A'cB'  cortados  por  la 
misma  transversal  (L),  es  f^kdl  demostrar  que  el  segundo  miembro'del  producto  de  las 
igualdades  (1),  (2),  (3)  vale  la  unidad,  raz<Sn  por  la  cual 

conforme  al  enunciado. 

Los  doe  teoremas  anteriores  son  ciertos  cualquiera  que  sea  el  orden  en  que  se 
supongan  colocados  sobre  las  rectas  L,  y  2/  los  puntoe  A,B,Cy  A\  B\  (/.  Besultan 
asf  multitud  de  figuias  diferentes,  si  bien  obedecen  todas  a  las  mismaa  leyee. 

3.  Si  OA,  OB,  OC  y  CV-A',  (/B^,  acy  son  doe  sistemas  de  tree  rectas  que  concurren 
en  los  puntos  0  y  (/,  uniendo  la  intersecci6n  de  OA,  (yB'  con  la  de  (yA\  OB,  aaf 
como  las  de  OA,  O'C  con  O'A^  OC,  la  de  OB,  O'C  con  O'B',  OC  se  obtienen  treB 
rectas  Ma,  2iby  Me  que  concurren  en  un  punto  M. 


FlQ.  2. 

4.  Teorema  II,— Las  tres  rectas  Ma,  Mb,  Mcylas  ohtemdas  uniendolM con  los'puntot 
de  %ntersecci6n  de  OA  y  O'A',  OB  y  0'B\  OC  y  O^C^  fwman  un  haz  en  involuddn. 
(Figura  2.) 
Laigualdad 

'  "    ^^^    ^Mc_^a^Mb.  sen  aMc^.  sen  l/Mc 
bMc<  ' 


a'Mb 
of  Me' 


f/Mc 
f/Ma'' 


sen  a^Mc.  sen  bMc^.  sen  yMa 


se  deduce  f&dlmente. 
siguientes  igualdades 


Por  medio  de  varias  comparaciones  inmediatas  se  llega  a  las 


ofMb^hM.afh.afn.pe 
a'Me    cM.a^c.a'p.hn 

aMcf  _aM.cfa.cfm.hn 
hM&~~hM.cfh,cfn,am 

1/  Mc_cM,l/c.l/p.am 
V  Ma"  aM.Va.Vm,pc 


(1) 


(2) 


(3) 


Aplicando  el  teorema  de  C6va  sucesivamente  a  los  triangulos  O'hn,  O^am,  Ccp  J 
Ohn,  0am,  Ocp,  que  son  cortados  respectivamente  por  los  haces  de  rectas  que  con- 
curren en  0  y  0^,  se  demuestra  que  el  producto  de  los  segundoe  miembros  de  ^ 
igualdades  (1),  (2),  (3)  es  la  unidad,  luego 


que  es  lo  enunciado. 


sen  a^Mb.  sen  aMcf,  sen  b'Mc 
sen  a^Mc.  sen  bMc^.  sen  yMa 


z=l 
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Oualquiera  que  sea  el  orden  de  Buce6i6n  de  las  rectas  en  cado  uno  de  los  doe  haces 
O  y  (y,  siempre  serin  ciertas  las  doe  propoeiciones  anteriores.  Las  Hig>t:TTit^ii»  figuras 
que  pueden  formane  con  los  dos  haces  dados,  cumplen  todas  con  las  mismas  leyes 
precitadas. 

n.— PBOFIBDADBS  XNYOLlTnVAS  DEL  CUADBILXtBBO. 

5.  Teorema  III. — Lo8  dos  puntos  de  conaurso  de  ku  Umgentes  trazadaa  en  los  vhtiees 
opuestos  de  un  cuadrUdtero  inscnto  a  una  e&nica^  y  los  dos  puntos  de  encuentro  de  los 
lados  opuestos  del  mismo,  forman  una  recta  que  carta  a  las  diagonales  del  cuadrUdtero  en 
dos  puntos  que  unidos  a  los  cuatro  anteriores  constituyen  una  tnvoluei6n.    (Figuia  3.) 

Ser&  sufidente  demostrar  la  certeza  de  este  enunciado  para  el  caso  en  que  la  c6nica 
sea  un  cfirculo. 

Estableceremos  las  igualdades 

WaCy    axf 


>« 

I- 

FlO.  8. 

(2) 

6Do' 

ba' 

(3) 

ecy 

eDar' 

el/.eC 
'eaf.cD 

Se  encuentra  tambi^n 

por 

otra 

parte 

(4) 

oCc' 
ttCl/' 

&C.BC 
't/C.AC 

,Rx  hDaf    afD.BD 

,«x  cCV    c  CM  CAD 
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MultlpUcando  las  igualdades  (1),  (2),  (3),  igualando  el  producto  al  de  las  (4),  (6), 
(6),  y  teniendo  en  cuenta  que 

eD    BD 
FVJB 


resultard 


i 


■\\ 


(c.  a.  e) 


FlQ.  4. 


6.  Teorema  IV. — En  todo  cuadrildtero  circunserUo  a  una  odnica  se  obtiene  un  hat 
de  sets  rectos  en  involueUm  uniendo  con  hi  puntos  d$  tnteneocion  de  9us  kuhs  opueetoe, 
el  purUo  donde  se  encuentran  las  doe  diagonales  del  cuadrildtero  y  las  doe  rectas  que  unen 
loB  purUos  de  contaeto  de  sue  lados  opuestos.    (Figura  4.) 
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Bastard  que  demostremos  esta  propoeici6n  par^  el  c(rculo,  haci^n4pse  despu^s 
extenaidn  a  una  cdnica  cualquiera  por  el  m^todo  de  proyecciones. 
TendremoB  las  igualdades 

ociy_ciy  oiy.  sen  cod' 
rnvv^"  oy.  sen  coy 

ODaT    Da'    Oaf,  sen  of  OP 
USB'^^^WOW  sen  J>OV 

yOC    OV.  sen  l/OCy    VA'.B'(y 
cFUU^^OaT.  sen  afOC'^afC'.A'B' 

Del  producto  de  eetas  igualdades  se  deduce 

sen  COiy,  sen  o^QD.  sen  l/OC    CD'.  Dcf,  l/A',  B'  C,  OB' 
sen  coy  sen  DOB',  sen  afOC^  l/C,  DB\  aTC,  A'B',  OD' 


(c  t-y 


Fio.  5. 

£1  triangulo  VD'W  cortado  por  la  transversal  CA'  da  la  re]aci6n 

yA'    OB'    l/C 
yF '  UTP'^C^ 

Como  la  relacidn  anarm6nica  de  cuatro  tangentee  a'un  cfrculo  es  igual  a^la  relaci6n 
ananni6nica  de  bus  cuatro  puntos  de  contacto,  tendremos 


luego,  en  definiUva 


CD'  .  CD'_C  a'  .  Da' 
sen  COD',  sen  afOD.  sen  l/OC 


=1. 


sen  COh'.  sen  DOB',  sen  afOC' 

(c.  a.  e) 

7.  Teorema  V. — Los  puntos  de  concurso  de  las  tangentes  en  dos  vertices  adyacentes  de 
un  cuadrildtero  inscrUo  en  una  cdnica  con  los  lados  que  pasan  por  el  punto  de  contacto 
de  la  otraf  y  la  interseccidn  de  los  dos  lados  restantes  del  cuadrildtero  forman  una  recta  que 
corta  a  las  dos  diagonales  del  mismo  en  dos  puntos,  que  unidos  a  los  tres  anteriores  cons- 
tiluyen  una  involucidn.    (Figura  5.) 
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Suponiendo  la  cdnica  un  circulo,  podemoe  establecer 


For  otzo  lado  tambi^  tenemoB 


wir 

'W 

WD 
h&D' 

w 

°5? 

<fVA 
ffcfD' 

tfV.eA 
'&a^.&D 

wfA 
al/A' 

cfA.BD 
°t/A^C 

WD 
iCD' 

t/D.BC 
'</D.A6 

<fVA 

VA.&A.CD 

ecfD' 

°eDja!t>.AM 

(1) 

(3) 
(4) 
(6) 
(6) 


Fio.  6. 

Multiplicando  las  igualdades  (1),  (2),  (3)  e  igualando  su  producto  al  de  las  (4),  (5)» 
(6),  y  teniendo  en  cuenta  que 

&A&B       eB    &D 

AC^BB       AB^CD 
re8ultar& 

conforme  al  enunciado. 

8.  Teorema  Yl,—La»  rectos  que  unen  lot  puntoe  de  eontaeto  de  doe  ladoi  adyaeenUt 
de  un  cuadrUdtero  drcumcrito  a  una  e6nica  con  los  vhticee  del  otro  lado,  y  la  diagonal 
que  une  loe  vhOcee  restantee  del  euadrUdtero  se  oortan  en  un  punto,  que  untdo  a  ha  punlot 
de  inUnecadn  de  loe  lados  opuestos  del  mismoforman  unhazde  eeie  rectos  en  involudAn. 
(Pigura  6.) 

Partiendo  del  clrculo,  como  c6nica  fundamental,  eetableceremoe  las  siguientes 
relaciones 

aOc     Oc,  sen  aOc<      ac 
aOl/^Ol/.&euaOb'^l/a 

hOafJDaf,  sen  hOaf  jafh 
bOc     Oc,  sen  bOt/      be 

cPy^Py,  sen  cOy_yc,a0.cB 
tOof^Oa^  sen  cOaf    ca.oB.ofc 

Multiplicando  estas  igualdades  deducimos 

sen  oO^,  sen  hOaf,  sen  dW _(]^b,Vt,aO,cB  . 

sen  qOV,  sen  Wff.  sen  dOaf    Va.ca.OB,afc  ^  ' 
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Eli  riangulo  a  6'B  y  la  tranaveraal  ocf  producen 

OB.ca^TB  (2) 

ft:ualando  relacionee  ananndnicas  entre  loe  puntoe  situadoB  en  las  tangentes  VB  y 
a^Bj  tendremos  las  igualdades 

</!/    </d.Bf/.bB 


afc  ofB.hcBd 
oTh  </B.€/B,cb 
WorcB.&d.l/B 


(3) 
(4) 


Fio.  7. 

Sufltituyendo  las  igualdades  (2),  (3),  (4)  en  (1)  obtendremos 

sen  aO&,  sen  hOaf.  sen  cOl/ 

sen  aOl/,  sen  60c'.  sen  cOaf^^ 
que  demuestra  el  teorema. 

m. — ^PBOPIEDADES    INVOLUTIVAS    DEL  PBNTioONO. 

9.  Teorema  VII.— J^Z  pwnto  de  concurso  de  la  tangenU  trazada  par  el  vSrtice  de  un 
pentdgono  intcrito  en  una  e&nica  conellado  opuesto,  y  lot  puntos  de  intereecddn  de  lot 
oiroB  doe  ladoe  no  coneecuHvoe,  forman  una  recta  que  corta  a  las  doe  diagonales  que  paean 
pwelvirticeameideradoyyalaqtuuneloedosvirticeea^ 
que  con  loe  tree  anterioree  coneHtuuen  una  involuciSn.    (Figura  7.)Digitized  by  ^  iC 
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En  el[8upue0to  de  ser  im  clrculo  la  c^nica  dada,  tendienuw 


Tambi^  puede  establecerae 


(fnD    (fa 

ft 

a) 

afhC   afh 

(2) 

d/C    l/e 

(8) 

efaD    uDJBC 

(4) 

afhC    hCEB 
afeC    cC.CE 

(6) 

VcC    eaCA 
VaC'^aC.AD 

(«> 

f        M      r* 

>x    ^ 

•'  .•••/• 


Fia.  8. 

Igualando  los  productoe  de  las  reladones  (1),  (2),  (3)  y  (4),  (5),  (6),  y  teniendo  en 
cuenta  que 

aD_aB  ^«.^  o^     oC 

AVBC  CE^BD  BD'^AC 

se  llega  a  demostrar  el  presente  teorema. 

10.  Teorema  VIII. — La  recta  que  une  un  v^tdce  de  todo  pent4g<mo  cvreunionto 
a  una  c6nica  con  el  punto  de  contacto  del  lado  opuesto,  j^  kudos  diagonaUs  que  enUuan 
los  otros  vhtices  no  consecutxvos  se  cortan  en  un  punto,  el  que  unido  a  las  interseccUmes 
de  los  dos  lados,  concurrentes  en  el  virtice  primero,  con  el  lado  opuesto,  y  con  el  punto 
de  encuentro  de  los  dos  lados  adyacentes  al  del  punto  de  contacto,  forman  un  haz  de  seis 
rectas  en  involuci&n,    (Figura  8.) 
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Suponiendo  sea  un  clrculo  la  c6mca  dada,  se  obtendri 

aO^    Oa,  Ben  aOcf    acf.O(y,Oa,A^h 
We" Oh.  sen  dOc^^oO^OS/ISO? 

afObOb.  sen  afOh^c/b 
afOc^Oe,  sen  afOe  ""o^ 

yPc^cQ.  sen  yPc    ^c 
FUaTaO.  sen  yOa"5^ 

Multiplicando  estas  igualdades  y  tenioido  en  cuenta  que 

OCy    A'b     axf      1  Oa      6A'    Ce    , 

se  tendri 

sen  oQc^.  sen  of  Ob,  sen  VOe^afbJ/e,(:fA\b&.a(y 
sen  50c^.  sen  a^Oc.  sen  yOo  "afcJ/a.b&.bA^tfC^ 

Peio  oi  virtud  de  las  reladones 

/  -/Av/A    Cya  ,Ca     /  .  .  V    fl'c  .  «c 

(«^)=S  •  P6"(«*^"5B  •  A^D 

y  de  ser  aC»ac       ftc— 62) 

se  obtendr&  confonne  al  enundado 

sen  aOcf.  sen  of  Ob,  sen  yOc^^ 
sen  ftOc'.  sen  o'Oc.  sen  yOa" 

IV. — ^PROPIBDADBS  INYOLUTIVAS  DBL  EXAgONO. 

11.  Teorema  IX,— Los  tres  puntos  que  definen  una  Pascal  y  las  xrUerseecumes  de 
esta  recta  con  las  tres  diagonales  principales  del  exdgono  inscrito  a  una  c6nica,  forman 
un  conjunto  de  sets  puntos  en  involuci&n,    (Figura  9.) 

Lob  tres  puntos  de  intenecci6n  a,  b,  c  detenninan  una  recta  llamada  la  Pascal 
del  ex^no  ABCDEF  inscrito  en  una  c6nica  cualquiera,  que  para  mayor  facilidad 
de  la  demostraci6n  asignamoe  sea  un  clrculo. 

Estableceremoe  en  eeta  figura 

aBcf_acf.aB 


(2) 
(3) 


aAV' 

aV.aA 

hCaf 

haf.hC 
'M.hB 

cDV 
cCa'' 

ef.cD 
'caf.cC 
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For  otro  lado  tambi^n  se  tiene 

(4) 


oAV    aAJ/A.BD 

bCa'_bC,€/aBF 
bBf/'^bB.C'B.CE 

eD>,    cD.l/D,AC 
cCaf''cC,afCJ)F 


(5) 
(«) 


FIO.9. 

Igualando  el  producto  de  las  relaciones  (1),  (2),  y  (3)  al  de  las  (4),  (5),  y  (6)  y  teniendo 
en  cuenta  las  propiedades 


oB    BD 
oE    AE 

aE  BE 
oA^AD 

bC    CE 
bF~BF 

bF    CF 

Wbe 

cD    DF 
cA'^CA 

cA  AD 
W^CF 
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ee  obtiene  definitivainente 

confonne  se  querla  demoetrar. 

Esta  hermosa  propiedad  de  las  cdnicas,  que  no  hemoe  visto  consignada  en  parte 
alguna,  comprende  todoe  loe  teoremas  demostradoe  en  loe  ntimeros  2,  5,  7  y  9  que  son 
caaos  particulaiee  del  preeente. 

El  del  ntimeio  2  es  cuando  la  c6nica  se  convierta  en  doe  rectas:  el  teorema  5  es 
cuando  se  suponen  convertidoe  doe  de  loe  ladoe  opuestoe  del  ex^no  esi  doe  tangentes 
a  la  c6nica;  la  pioi>osici6n  7  se  deriva  de  la  actual  suponiendo  doe  ladoe  altemos  del 
eziigono  convertidoe  en  tangentes  a  la  c6nica;  el  teorema  del  ntimero  9  se  establece 
en  la  hip^teeiB  de  que  unlado  cualquiera  del  ex^no  se  transforma  en  una  tangente. 


FlO.  10. 

12.  Teorema  yi.,—lAU  tres  rectas  que  definen  d  punto  de  Brtandion  de  un  exdgono 
drcunsarUo  a  una  o6nica,  y  las  tres  rectas  que  resuUan  de  %mxr  este  punto  con  las  inter' 
secciones  de  los  lados  opuestosdel  exdgono,  forman  un  haz  en  involuci6n,    (Figura  10.) 

Las  tres  diagonales  aBy  hC,  cA  del  ex^no  abcBCA  circunscrito  a  una  c6nica 
cualquiera  se  cortan  en  un  pimto  0  llamado  de  Biianchon  que  fu6  quien  primero 
demostr6  tan  notable  propiedad.  Suponiendo  para  mayor  iacilidad  que  la  c6nica  sea 
un'clrculo,  podremos'escribir 

aOc'    Ocf.  sen  aOcf  .  . 


aOh'    OV,  sen  aOh' 


bOa' 
cOb' 


'UTTeenbUF 
Oy,  sen  cO¥ 


cOa'    Oa'.  sen  cOa^ 


(2) 
(3) 
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aiendo  fidl  encontnur  que 


en  virtud  de  la  relaci6n 


aO(/,bOaf.cOy    cu/.afbxB.Ab'  ,  . 

hOi/.cOafMOi/''a'c,c'b,aA:Bb'  ^*^ 


OB,Aa.eb^ 
Oa.Ay.cB'"^ 


Igualando  la  relaci6ii  (4)  al  producto  de  las  (1),  (2)  y  (3)  se  obtendri 

gen  aO</,  sen  bOaf.  een  cOhf_^acf.afb,eB,Ah' 
sen  aOy.  een  bOef.  aen  cOaf''afc.(fh,aA.BV 

Tenemoe,  por  oUo  lado,  las  8ig;uiente8  igoaldades: 

i^   i.\    ^    fxif    ,^.    ^y.     nE    NE 
Wmbc)^^  :  ^^(EbnN)^^  :  -^ 

,  .  ^  ,    yA    aA    ,-  „  V     NE   nE 
{Aqya)^j^  :  ^"(EaNn)^^  :  - 

/D     I^^     <^^     ^^     /r^      ^     mD     UD 
(Bpc^)^-  :  ^^(DcmM)^—  :  ^ 

/I  XT  \     Nb    fib     /    »#  .X     ow    bm 

de  donde  se  deduce  que 

een  aO</.  een  bOaf.  sen  cpy    . 
sen  a06''.  sen  bOc<.  sen  cOaf^ 

lo  que  prueba  el  actual  teorema. 

Esta  notable  propiedad  de  las  c6nicas,  que  no  ha  side  hasta  ahcmfdada^por  ningdn 
matem&tico,  segtin  creemos,  comprende  como  cases  particularee  de  la  misma  todoe  los 
teoremas  demoetrados  en  los  ntimeros  4,  6,  8  y  10. 

£1  teorema  del  ntimero  4  es  cuando  la  c6nica  se  considera  formada  por  el  aistema  de 
dos  puntos  (Trait6  dee  Sections  coniques  de  M.  Chasles,  pag.  32-1865);  el  teorema  6 
es  cuando  se  supone  que  dos  de  los  inguloe  opuestos  del  exigono  son  iguales  a  dos 
rectos;  la  proposici6n  8  resulta  de  convertir  dos  dngulos  altemoe  del  ex^no  en 
iguales  a  dos  rectos;  el  teorema  del  ntimero  10  se  funda  en  la  liip6tesis  de  que  un  &ngulo 
cualquiera  del  ex^no  sea  igual  a  doe  rectos. 


MfiTODO  DE  NOTAaON  DUGONAL. 

Por  RODOLFO  AGUILAR  BATRES, 
Guatemala,  OttaUmala. 

I     a     lit  !    11    /// 

A ,  A ,  A , ,=0,  C,  C ,  .-....:  determinantes  primaries,  binaries,  etc., 

id^nticos  &  las  homo-coordinaciones  algebraicas  afectados  sus  absoluto$  del  signo 
menos  (— )  para  los  ntimeros  impares  de  inversiones:  notaci6n  diagonal  insuperable: 
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TeoremoB  R,  A,  B. 

TlM>-I»  coDBtnictivo  de  factorial/n=>n.m  ...5.4.3.2.1: 
Sea       /5: 
En  cada  una  de  5  columnas,  repftase  como  lo.    (respectivamente). 

"      "     "      las  6-* 

"      "     "  -►letras,      /4;  a  bu  derecha  2«. 

"      "     "      las  4-> 

-►reBtanteB, /3;    "         "  "        3fl. 

*'      "     "      laa  3-> 

-►refltanteB, /2;    ''         "  "        4«. 

*«      *'     **      laa  2-» 

-►reetanteB,/!    "  "  '*        5^. 

la  dnica  restante. 
/// 
Desarrollo  deA  »  en  3  produdos:  de  a,  6,  c,  (1^.  Lfnea)  por  loe  binario-comple- 
mentarioB. 
/v 

A  ^n  S  produetoa  de  binario  complementario  con  inversidn  de  indice. 
"«n  6  productoi  de  6  bifactores  por  loe  binario  complementarios. 
El  desarrollo  directo  constructivo  de  /n  es  supremo. 

//  m 

Gtifitdfi:  V>.  de:  A  ;  2i>.  de  A  :  superior  a  la  Regla  de  Sattus, 

/v 
3».  de  A  ,  nuevo  en  la  Ciencia. 

V. 

4^.  de:  A»  hallariase  anilogament'O;  pero  el  desarrollo  directo  constructivo  de  !n 
es  supremo. 

Ecuacwnes: 

De  1^.  grade:  sistemas:  una  con  una  inc6gnita;  determinante  y  ordinaria. 
Dos  con  dos;  Tres  con  tres;  Homogeneizaci6n  con  ceroe. 
De  doe  de  segundo  grade  en  (y),  como  de  2  de  1^.  en  x,  y. 
De  29.  grade:  determinante  y  ordinaria. 

Teo-II:  Reductor  de  los  elementos  unilineales:  Todos  a  1,  6  uno  a,  1  y  losrestantes 
aO. 
Aquf  la  nota  al  final  de  la  pdgina  IV,  o  sea:  (        ). 

Notaeidn  Diagonal: 

!  I     II  HI  III 

A=a=C;  A=ia'  V  |=ja^  a'^l^ia^      |=ja    l=a     A=  a  b  c;=a       =C 
la'a)H    Ib'bH    I    bH    f  b       b         la  be       b 


I 
'a  b  c  c 


//  // 

jaaa]=A()=a      =a 
ibbb!  b()      b 

0 


A    =,a  b 

0     ja  b 
a  b 


TEORBMA   I. 


/  / 

0  -a =A. 

//              ^  // 

e  -ab      5a -A  . 
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cab 

/// 
I    cBa =A  . 

:  d  cab  d  dab  c 
I  c  cad  b  dal5  b 
&  d  cBa  d  dBa  c 
i  a  cBd  a  dBc  a 
a  c  cda  b  dca  b 

AT 

z  a  cdB  a  deb  a    ^A    ==a 

b 
c 
d 


V 

=A 


DesarroUoB. 

A  =a  =  =a        .    b  .  c  . 

b  baa 

c  c       c  b 

/v 

A  =a  =a  =ab . 

b  b  *-  c 

c  c  d 

d  d       ac .      be  . 

a  <— b      r— a 

Q  d         d 

i)  ad  .    bd  .         ed  .      ;  cd,  <— —do  b. 

d       4—  b   4—  a        4—  a 
c  c  b 

a 
d 
b 


0— ax+by+d=»(a,o)x+by+(0,c)z+d=o= 

Hi  2  > 

)—     y  ;  ax      +by+cz+d. 

d  < 


Digitized  by  VjOOQIC 


ENGIKEEBING. 


595 


«»ax+d 


■^C£'')"HfKk'>)^-^(k''+')"+a)>-+i^>- 


-0-(ax»+bx+k)=x.»a+x.b+k 
d       d,      d    d 

b  ,a,a 
-        b  ,a  c    c    b 

d  d  d  d    d    d 

__b b 

Cray i  cos 


.- 

c 

9' 

r-  - 

1 

I      1 

1 

a"     4" 

j 

I 
1 

«•    1 
«-    i 

J' 

a' 

1 

....          i 

:     1 

r 

:  HI 

• 

1 
1 
1 

j 

X 

i 

i     ! 

! \ 

*-* 

1               1 
>              • 

J'   c 

1 
t 

I' 

1 

r 

, 1 

^« 

'   \ 

.Zto 

1 

1 

1 

i 
i 

^ 
** 

1 

t 

...J 

A^^Q=l    1    .  a  b  c  dS- 
bed. 
.acd. 
.abd. 
.^bc. 


). 


(abed) 


b  C 


s 


TBOREMA  n. 
1-lSO 


1-lSO 


(bcd)a  (acd)b-IS..a  (aW)c-rs..a  (ab9)d-TS..a 

>-*^d 
IS..-' 
-'"'dFd 

fd 

IS..";;, 

d 


"  b-is." 

"   b-IS." 
b 


IS." 
IS 

c 
IS.." 


d-I 


c 

"    "  d- 


d-1 
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(La  importanda  de  este  Teorema  II  y  de  todas  las  traiiBfonnacioneB  Gradual-deter- 
mmanteB  queda  absorbida  por  el  De$cabnmierUo  constructivo  de  !n,  objeto  del 
Teorema  I  de  fadliisimo  Deeanollo  Directo  de  Determinantee  de  cualquier  grado 
y  Supremo  en  la  Teoria  tranflfonnatoria.) 


^s-j 


0   ^ 


10    0 
(bc)aa    a 

b    c 
"  a     ** 

b    c 

b    c 


1     0 
(b)aa 


The  Chairman.  If  there  is  no  further  business  or  discussion,  I  will 
declare  the  meeting  adjourned. 
Thereupon,  at  11.35  o'clock,  the  session  adjourned. 
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JOINT  SESSION  OF  SUBSECTIONS  1  AND  2  OF  SECTION  V 
AND  SUBSECTION  I  OF  SECTION  DL' 

New  Whxabd  Hotel, 
Monday  afternoon,  January  S,  1916. 
Chairmen,  W.  H.  Bixby,  John  H.  Brashear,  and  Alexander  Graham 

•    BeU. 

The  session  was  called  to  order  at  3  o'clock  by  Chairman  Bixby. 

Papers  presented: 

From  Section  V: 

Merchant  Marine,  by  Lewis  Nixon. 

Shallow-draft  boat  and  barge  transportation,  by  Col.  L.  H.  Beach 
and  Lieut.  Col.  Charles  Keller. 

From  Section  IX: 

Hydroplanes  for  passenger  and  freight  transportation  on  inland 
waters,  by  Oonzalo  Mejf a. 

Airships  to  assist  in  joining  North  and  South  America,  by  Alberto 

Santos-Dumont. 

MERCHANT  MARINE. 

By  LEWIS  NIXON. 

Congress  in  obedience  to  a  constitutional  duty  once  reg:ulated  commerce  on  the 
oceans  and  under  wise  policies  built  up  a  powerful  merchant  marine  which  carried 
well  over  50  per  cent  of  our  ocean  trade,  turned  many  adverse  balances  of  trade  into 
favorable  balances  of  commerce,  and  as  we  had  the  great  earnings  of  our  ships  to 
throw  to  the  national  credit,  our  nation  waxed  strong  and  rich  and  our  merchant 
marine  grew  in  strength  and  efficiency. 

The  men  who  established  this  Grovemment  understood  the  problem  aright  and 
when  they  set  about  oiganizing  a  government  they  established  its  greatness  in  all 
essentials. 

The  lack  of  power  to  regulate  commerce  was  a  primary  defect  of  the  Confederated 
Government  and  the  necessity  for  its  exercise  so  great  as  to  form  a  chief  cause  for  the 
adoption  of  our  Constitution. 

The  first  step  was  an  application  to  the  separate  States  for  a  grant  of  power  kx  a 
limited  time  to  regulate  our  foreign  commerce. 

This  effort  failing,  the  States  next  tried  to  effect  regulation  by  separate  resolutions, 
but  this  was  abortive,  and  the  Constitution  was  adopted  as  competent  to  regulate  our 
commercial  interests  and  vindicate  our  commercial  rights. 

By  the  adoption  of  the  Constitution  the  States  delegated  their  individual  right  and 
duty  to  protect  the  commercial  pillar  of  our  Nation's  greatness,  and  the  United  States 
of  America,  in  virtue  of  this  pact  of  union,  assumed  this  duty  with  no  right  to  permit 
our  commerce  to  disappear  from  the  oceans,  but  with  a  sacred  obligation  to  prevent 
such  disappearance. 

1  The  papers  of  Section  IX  and  the  report  of  this  session  are  found  In  volume  XI  (Papers  of  Section  IX) 
of  the  Proceedings  of  the  Second  Pan  American  Scientific  Congress. 
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The  legislation  of  our  First  Congress,  shaped  by  Je£ferBon  and  Hamilton  in  accord 
to  meet  their  views  as  to  the  duty  of  the  Government,  at  once  laid  deep  and  broad 
the  foundations  of  a  flourishing  merchant  marine,  and  in  a  few  short  years  we  were 
carrying  a  laige  share  of  the  commerce  of  the  world,  and  the  earnings  of  our  vesBela 
kept  gold  at  home  which  would  otherwise  have  been  drained  from  us  through  im^ 
vorable  balances  of  trade. 

Let  us  see  how  the  First  Congress  interpreted  the  meaning  of  '^  to  regulate  commerce  " 
by  examining  the  laws  passed  that  we  might  develop  and  provide  for  the  maintenance 
of  an  American  merchant  marine. 

Discriminating  customs  duties  were  so  placed  that  the  duty  was  10  per  cent  less 
if  imports  were  brought  in  American  vessels. 

Tonnage  taxes  were  made  heavier  for  foreign  .vessels;  6  cents  for  our  own  veeselB 
under  our  own  flag,  30  cents  on  American  built  and  foreign-owned  vessels,  and  50 
cents  if  foreign  built  and  owned. 

Trade  was  regulated  with  the  East,  and  a  great  Asiatic  commerce  built  up  by  grading 
duties  on  tea  far  higher  when  brought  in  foreign  vessels  than  if  in  American  vessels. 

The  same  care  for  Americans  at  sea  as  on  shore  inspired  laws  to  insure  proper  food 
and  breathing  space  for  American  seamen.  Later  the  coasting  trade  was  confined  to 
American  vessels. 

Seamen,  shipyards,  and  ships  were  secured  by  these  wise  laws,  together  with  an 
influence  which  so  regulated  trade  that  it  drove  cargoes  to  American  vesseLs  that 
they  might  be  profitably  employed. 

What  an  example  in  constructive  statesmanship/ 

In  seven  years  our  shipping  increased  385  per  cent,  and  by  1826  we  were  carrying 
93  per  cent  of  our  foreign  trade  under  the  American  flag. 

These  wise  laws  were  drawn  by  Madison,  being  based  on  Jefferson's  masterly  rep<vt 
on  commerce. 

In  1815  we  suspended  our  right  to  prefer  our  own  vessels  in  the  direct  trade,  and  in 
1828,  as  a  crowning  act  of  our  unwisdom,  we  suspended  the  operation  of  these  wise 
laws  in  the  indirect  trade  and  now  carry  less  than  10  per  cent  of  our  own  trade. 

And  in  losing  the  carrying  of  o\ii  over-sea  trade  it  has  come  about  that  we  do  not 
insure  our  own  trade,  we  do  not  finance  it,  we  do  not  carry  it,  and  we  do  not  buy  or 
sell  it. 

The  cream  of  trade  falls  to  the  hands  of  our  commercial  rivals. 

The  suspension  of  our  wise  first  laws  is  the  principal  and  overwhelming  reason  for 
this  decline  and  loss.  Of  course  the  changes  from  wood  to  iron,  the  losses  due  to  the 
Civil  War,  the  introduction  of  steam,  the  diBcrimination  against  our  shipping  by 
foreign  rating  and  insurance  companies,  the  bonded-warehouse  system  giving  credit 
for  duties,  contracts  for  advance  charters,  every  possible  device  and  r^^ulation  of  our 
rivals  to  foster  their  own  marines,  the  monopolizing  of  over-sea  trade  by  conferences 
and  combines,  and  payments  now  aggregating  over  $50,000,000  by  other  nations  to 
encourage  and  support  their  shipping,  have  supplemented  this  betrayal  by  our 
national  legislators  of  a  duty  enjoined  by  the  Constitution  and  their  oath  to  support 
its  provisions. 

Do  not  let  us  make  the  mistake  that  this  was  hit-or-miss  legislation  that  called  our 
marine  into  being.  We  are  safe  in  assuming  that  those  who  took  part  in  the  framing 
of  the  Constitution  knew  what  they  meant  by  its  provisions.  They  were  leaders  in 
public  thought,  and  its  ideals  and  intentions  were  carried  into  effect  by  a  number 
of  the  same  men  through  appropriate  legislation  in  the  First  Congress. 

A  close  study  of  the  debates  leading  to  the  framing  of  the  Constitution  has  shown 
me  that  every  expression  of  opinion  was  to  the  effect  that  the  power  to  '' regulate 
commerce'^  contemplated  discrimination  when  necessary  or  desirable. 
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Ck>l.  Thomas  H.  Benton,  in  his  "Debates  of  Oongrees,"  said: 

In  the  House  of  Representatives  in  1794  occurred  one  of  the  most  interesting  and 
elaborate  debates  which  our  Congress  has  furnished.  It  grew  out  of  ^e  clause  in 
the  Ck>nstitution  conferring;  power  to  regulate  commerce  with  foreign  nations  and 

gives  the  interpretation  of  its  authors  which  is  wholly  different  in  its  natiu*e  and  also 
istiiict  from  the  power  to  lay  and  collect  import  duties.  The  latter  was  to  raise 
revenue  the  former  to  make  such  discrimination  in  trade  and  transportation  as  to 
protect  our  merchants  and  shipowners  from  the  adverse  regulations  and  devices  dE 
their  rivals. 

.  All  tariff  bills  of  recent  years  have  reiterated  the  discriminating  provisions  of  the 
earlier  laws  and  then  under  insidious  foreign  influenence  to  make  them  impotent 
add  that  such  provisions  are  not  to  apply  to  vessels  of  nations  not  applying  similar 
provisions  against  the  United  States  or  unless  such  provisions  are  not  barred  by 
treaty  or  by  act  of  Congress. 

Senator  Frye  in  1894  tried  to  repeal  these  inconsistent  restrictions  but  was  unable 
to  do  so. 

President  McKinley  was  elected  on  a  platform  of  discriminating  duties,  but  his 
party  repudiated  this  pledge  and  switched  to  subsidy  legislation,  although  the  Ke- 
publican  platform  of  1880  had  said  "further  subsidies  to  private  persons  or  corpora- 
tions must  cease." 

The  wording  of  the  Wilson  bill,  section  14,  was  so  changed  in  the  wording  of  the 
Tariff  Act  of  July  24,  1897,  in  providing  for  discriminating  duties  that  it  would  have 
thrown  to  American  vessels  a  greater  part  of  our  indirect  trade.  But  this,  through 
an  act  of  Congress  signed  by  the  President,  was  nullified  by  the  Board  of  General 
Appraisers  speaking  through  the  Attorney  General. 

We  find  similar  opportunities  for  maritime  upbuilding  in  the  Underwood  bill 
also  rendered  useless. 

Front,  flank,  and  rear  of  foreign  attack  on  our  oversea  enterprises  are  guarded  with 
surpassing  vigilance. 

The  insidious  growth  of  foreign  carriage  of  our  commodities  has  been  due  to  in- 
ducing us  to  make  treaties  suspending  such  constitutional  regulations  as  were  par- 
ticularly useful  to  us  by  pur  opponents  agreeing  to  reciprocate,  after  which  they 
would  adopt  such  devices  and  regulations  as  under  our  constitutional  limitations 
we  are  powerless  to  meet. 

Even  if  our  statesmen  do  not  know  our  rivals  do  know  that  subsidies  would  not 
upbuild  our  marine  so  they  would  prefer  them  to  any  helpful  form  of  regulation,  if 
we  succeed  in  doing  anything  at  all. 

Personally  I  believe  subsidies  are  unconstitutional  and  we  know  they  are  unpopu- 
lar in  addition  to  the  fact  that  both  the  great  political  parties  have  declared  against 
them.    Besides  the  United  States  has  never  granted  a  subsidy  to  its  vessels. 

So  the  anti- Americans  would  now  have  us  believe  that  advocacy  of  indiscriminate 
blocking  of  industrial  or  commercial  enterprise  is  the  touchstone  of  democracy  and 
wishing  to  take  advantage  of  the  unpopularity  of  the  word  "subsidy"  they  try  to 
apply  that  term  to  every  form  of  helpful  regulation. 

Discriminating  duty  laws,  offering  lower  duties,  or  no  duties,  on  goods  brought 
in  American  vessels  are  no  more  a  subsidy  than  is  putting  an  article  on  the  free  list 
a  subsidy  to  the  foreign  maker  whose  product  drives  a  domestic  product  out  of  the 
home  market  which  our  maker  is  taxed  to  upkeep.  A  subsidy  is  a  direct  expendi- 
ture to  equalize  the  cost  of  a  service  or  article  abroad  with  the  cost  of  the  same  here. 

If  constitutional  regulation  of  commerce  is  to  be  adopted  we  must  adopt  not  only 
the  policies  which  appealed  to  men  of  such  opposing  schools  as  Jefferson  and  Ham- 
ilton for  such  regulations  but  so  great  is  our  prostration  that  supreme  effort  is  required 
to  rehabilitate  our  marine  and  hence  constructive  statesmanship  should  adopt  policies 
broadened  along  similar  lines  to  utilize  possibilities  for  preference  not  available  in 
Jefferson's  time. 
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Americans  must  combat  the  idea  that  there  is  unfidmeeB  in  lookiog  out  f(V  otur 
own  interests. 

In  order  to  strike  o£f  the  Shackles  now  hdding  ns  back  from  our  lic^Unl  ptoce  ill 
the  oceans  we  dutn  be  obliged  to  terminlitd  a  nmnb^  of  otir  commerdid  conventio&A 
with  other  nations.  Dire  prophesies  have  been  made  of  what  would  happen  to  us. 
However,  we  need  only  point  to  the  fact  that  we  progressed  far  better  under  the 
ordinary  obligations  of  international  law  before  we  negotiated  these  hmtful  conven* 
tLons  than  after. 

Washington  warned  us  against  them  in  his  farewell  address  and  they  would  huve 
been  impoesilde  before  statesmen  in  touch  with  the  Constitution  who  knew  the 
sacrifices  and  efforts  made  to  gain  political  and  commercial  independence  gave  w«y 
to  the  politician  regardless  of  what  he  pulled  down  so  long  as  he  climbed  up. 

These  commercial  conventions  are  not  like  treaties  of  peace  and  amity.  A  treaty 
of  peace  made  tor  a  term  of  years  would  be  ridiculous,  but  commercial  conventions 
are  business  bargains  or  contracts  where  privilege  is  matched  privilege  and  the  very 
making  of  the  convention  confirms  the  rights  claimed  by  each. 

Such  conventions  or  international  contracts  rest  on  reciprocal  advantages,  each 
party  obtaining  an  equivalent  for  what  it  yields,  ^lien  the  advantage  to  one  side 
becomes  out  of  proportion  to  that  resting  with  the  other  it  is  expected  and  accepted 
as  equitable  that  there  shall  be  a  termination  or  modification  of  the  agreement  and 
this  termination  is  always  provided  for  in  the  terms  of  the  agreement. 

Why,  then,  if  we  have  made  a  bad  contract  or  one  which  has  become  burdensraie 
and  have  taken  care  to  protect  ourselves  by  providing  for  termination  should  we  be 
accused  of  bad  faith  if  we  make  use  of  the  opportunity  we  asked  to  have  opened  to 
us  after  a  certain  time. 

We  have  terminated  a  number  of  conventions  and  abrogated  a  number  of  treaties 
with  no  bad  effects.  The  dire  effects  so  freely  predicted  by  q[»ecial  pleaders  against 
useful  legislation  in  favor  of  a  marine,  not  having  come  to  pass  in  the  case  of  the  abro- 
gation of  the  Russian  Treaty,  perhi^  our  people  may  take  the  trouble  to  inquire 
why  we  do  not  teimnate  conventions  that  hamper  commercial  growth. 

The  greatest  living  constitutional  lawyer,  George  F.  Edmunds^  at  a  hearing  before 
the  Committee  on  Commerce  of  the  Fifty-Sixth  Congress,  first  session,  stated  as  fol- 
lows: 

We  are  in  the  attitude  of  being  able,  without  any  breach  of  dbUgJ^ticnis,  to  resort  to 
discriminations  in  respect  of  our  vessels  and  onnmerce,  after  giving  the  requisite 
notice  and  after  the  lapse  of  time  referred  to. 

Apartfromthefactthatitisimpossibletofindany  warrant  for  subsidies  in  the  Con- 
stitution the  idea  of  a  direct  payment  to  enable  a  footing  of  competition  to  be  obtained 
woidd  not  build  up  a  marine.  We  might  pay  subsidies  that  would  enable  vessds 
to  run  empty  and  yet  not  secure  an  enduring  marine  of  helpfulness  to  our  country. 

Such  regulation  of  commerce  as  will  enable  our  vessels  to  obtain  preference  at  the 
same  freight  rates  is  what  is  needed. 

That  rates  obtained  are  profitable  one  need  only  look  at  the  rapid  addition  of  Dtew 
foreign  vessels  paid  for  and  profitably  employed  in  our  trade. 

Mail  compensation  is  entirely  a  proper  exercise  of  governmental  expenditure 
under  the  constitutional  power  to  establish  post  offices  and  post  roads,  but  we  need  the 
tramp  or  cargo  vessel  even  more  than  we  do  the  swifter  mail  steamer.  Though  strong 
effort  shoidd  be  made  to  secure  both.  A  sustaining  trade  for  United  States  vessels 
will  be  secured  by  general  laws  not  by  special  acts. 

While  foreigners  carry  our  products  they  do  it  in  their  own  way  and  to  their  own 
advantage.  Jefferson's  distinction  of  active  and  passive  cargoes,  the  active  being 
carried  by  our  own  vessels,  the  passive  by  foreign  vessels,  was  one  of  his  happiest 
phrases. 
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SubveatioDg  piu4  tp  certam  vesBels  to  assure  tboir  availability  for  war  piirposes 
under  the  war  power  have  constitutional  warrant,  but  the  advantages  to  be  gained 
are  but  small  hb  a  war  vessel  built  for  coouneroe  is  really  good  for  neither  purpose 
apart  from  scouting  and  transport  uses. 

To  bring  about  a  demand  for  American  vessels  by  causing  trade  to  seek  them  will 
solve  the  problem  and  the  means  apd  power  are  given  in  our  fundamental  law.  And 
once  the  Oonsjbitution  gives  the  necessary  power  let  the  acid  test  be  applied  to  all 
scb^me9  that  seen>  to  w^Jider  Sfn  afield.  The  g^iieral  welfare  provision  has  been 
overworked  and  should  not  be  availed  of  when  definite  powers  are  provided  to  secure 
a  purpose. 

The  great  advantage  of  a  large  4iipbuilding  industry  is  apparent  and  this  will  aid 
the  profitable  employment  of  the  ship. 

Given  the  demand  for  the  ships  our  shipbuilders  will  be  able  to  specialize  in  type 
and  produce  diips  at  low  comparative  cost  even  with  living  wages  just  as  we  do  in 
bridges,  locomotives,  and  machinery  and  as  we  do  with  ships  on  the  Great  Lakes. 

The  whole  question  of  policy  reduces  to  the  interpretation  to  be  given  to  the  mean- 
ing of  ''constitutional  regulation  of  commerce." 

The  Baltimore  platform  says: 

We  believe  in  fostering  by  constitutional  regulation  of  commerce  the  growth  of  a 
merchant  marine. 

Article  1,  section  8,  clause  3,  of  the  Constitution,  says  that  Congress  shall  have 
power  to  regulate  commerce.  Of  course  such  regulation  bars  subsidies  in  the  caae 
of  the  party  of  the  Administration. 

It  has  been  shown  what  the  men  who  framed  the  Constitution  considered  regula- 
tion and  how  such  regulation  was  abundantly  effective. 

I  can  not  believe  tha^  the  commercial  conventions  referred  to  will  prevent  proper 
action  by  Congress  under  circumstances  now  existing. 

Heretofore  when  efforts  have  been  made  to  foster  our  shipping  by  discrimination 
in  favor  of  our  own  ships  there  has  arisen  almost  universal  protest  that  it  must  not 
be  done  because  certain  commercial  conventions  might  require  abrogation,  yet  when 
the  La  Follette  bill,  primarily  intended  to  discourage  and  destroy  our  marine  afloat 
is  voted  upon,  a  large  majority  is  obtained  in  the  Senate,  although  they  knew  such 
law  was  in  violation  of  these  same  conventions. 

The  matter  can  not  be  settled  without  long  study.  For  twenty  years  I  worked 
and  studied  with  the  late  Capt.  W.  W.  Bates  to  provide  means  to  meet  the  devices  and 
regulations  of  our  rivals  and  his  masterly  and  patriotic  devotion  to  American  shipping 
was  the  inspiration  of  the  Rucker  bill,  which  would  have  quickly  given  mb  a  merchant 
marine  and  have  so  regulated  commerce  as  to  make  it  progressively  prosperous,  as 
every  form  of  discrimination  against  us  is  sought  out  and  fair  retaliation  provided. 

Many  ingenious  ways  may  be  devised  to  regulate  commerce  without  in  any  way 
going  counter  to  existing  treaties.  We  could  discriminate  against  all  vessels  not  in 
the  direct  trade  including  our  own.  We  could  give  free  tolls  to  our  own  vessels  in 
the  Panama  Canal.  We  can  apply  differentiid  tonnage  taxes  to  meet  every  form  of 
discrimination  against  us. 

But  there  is  one  sure  way  and  that  is  the  way  of  the  First  Congress. 

That  latter  day  exponents  of  the  Constitution  do  not  vary  in  their  understanding 
of  constitutional  regulation  of  commerce  from  the  views  of  our  forefathers  we  may  see 
from  the  opinion  of  the  late  Justice  Field  of  the  Supreme  Court,  who  says: 

To  regulate  commerce  is  to  prescribe  the  rules  by  which  it  shall  be  governed,  that 
is,  the  conditions  under  which  it  shaU  be  conducted,  to  determine  how  far  it  riiall  be 
free  and  untrammeled,  how  far  it  shall  be  burdened  by  duties  and  imposts,  and  how 
far  it  shall  be  prohibited. 
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Is  it  not  a  time  wh^  we  may  by  wise  policy  regain  our  nghthil  place  cm  the  oceans 
to  adopt  tried  and  proven  out  means? 

No  other  form  of  help  unless  coupled  with  a  preference  for  our  own  veaseb  can  be 
of  lasting  benefit.  Unless  our  vessds  are  to  be  employed  in  gainful  occupations  they 
will  be  no  true  help  to  our  balance  of  conmierce. 

Of  course  there  are  many  means  to  remove  handicaps,  such  as  our  Government 
aiding  by  a  national  rating  company  and  in  marine  insurance.  A  heavy  head  tax 
could  be  put  on  immigrants  coming  imder  foreign  flags  or  under  flags  other  than 
their  own. 

But  these  can  all  be  dispensed  with  if  we  resurrect  the  old  laws.  First  cost,  betto' 
wages,  and  better  conditions  of  living  would  all  be  compensated,  as  there  would  be 
a  steady  demand  for  American  vessels  based  upon  growing  and  gainful  trade  in  Ameri- 
can bottoms  and  instead  of  finding  the  commercial  quarters  of  our  cities  filled  with 
the  signs  of  foreign  agents  we  should  again  see  great  American  trading  companies 
doing  business  in  all  the  commercial  parts  of  the  world. 

But  in  taking  measures  to  upbuild  our  marine  we  shall  err  if  we  do  not  supplement 
such  means  by  policies  that  will  build  up  the  merchant  marines  of  all  the  States  of 
the  Western  Hemisphere.  Let  us  openly  proclaim  a  Pan  American  commercial  as  well 
as  political  kinship,  justifjdng  that  intimate  cooperation  among  the  American  States 
which  has  so  long  been  secured  by  secret  agreements  among  the  European  States  and 
act  accordingly. 

In  1910  when  a  delegate  to  the  Fourth  Pan  American  Conference  I  was  chairman  of 
the  committee  on  commercial  relations  affording  me  exceptional  opportunities  to 
learn  the  views  of  other  delegates.  Far  more  enterprise  has  been  shown  by  some  of 
the  South  American  States  than  by  the  United  States,  and  I  found  xmivereally  evi- 
dences of  keen  study  of  the  subject.  This  conference  adopted  unanimously  the 
following  resolutions:  ^ 

Whereas,  frequent  r^ular  and  swift  steamship  service  under  the  flags  of  the  Ameri- 
can States  is  required  tor  the  extension  of  traae,  the  convenience  of  commerce  and 
the  maintenance  of  friendly  intercourse. 

But  far  more  important  is  the  power  to  regulate  water  borne  freight  rates  between 
the  American  Republics.  Without  such  power  control  through  combines  and  con- 
ferences wholly  outside  the  influences  of  such  States  might  command  both  their 
trade  and  transportation. 

Resolved,  First,  direct  commerce  subject  to  joint  regulation  by  the  States  canying 
on  such  trade  should  be  established  at  the  earliest  opportunity. 

Second,  it  is  recommended  that  the  States  represented  at  this  conference  should 
conclude  conventions  among  themselves  providmg  for  direct  and  adequate  steam- 
ship service;  the  vessels  being  built  of  the  highest  speed  and  laigest  size  consistent 
with  economical  commercial  service. 

Third,  it  is  recommended  that  in  all  cases  where  one  or  more  of  the  States  repre- 
sented at  this  conference  shall  establish  through  State  initiative  a  line  or  lines  of 
steamers  to  one  or  more  of  the  States,  that  such  vessels  shall  enjoy  cdl  the  privileges 
at  ports  of  call  that  are  accorded  to  vessels  flying  the  flag  or  flags  of  such  ports. 

Fourth,  that  in  future  no  rebating  railway  pnvileg^es  shall  be  granted  oy  any  rail- 
way, whether  private  or  Government  controlled,  which  shall  not  be  granted  to  ves- 
sels entering  and  clearing  the  ports  of  such  States  running  in  direct  tmde  from  other 
States  represented  at  this  conference. 

Fifth,  to  recommend  to  the  States  represented  at  this  conference  a  study  of  the 
conditions  and  means  by  which  reciprocal  liberty  of  commerce  may  be  established 
in  the  coasting  trade  of  the  American  Republics  and  that  the  results  of  such  studies 
be  laid  before  the  next  Pan  American  Conference. 

Sixth,  to  recommend  that  States  now  having  contracts  in  force  providing  for  op- 
tional steamship  communications  with  ports  of  other  countries  of  America,  demand 
obligatory  and  rapid  service  with  such  ports. 

Seventn,  to  recommend  the  establishment  of  connecting  lines  between  such  ports 
as  have  no  American  steamship  service  in  <H^er  that  tiiere  may  be  a  continuous  un- 
broken connection  north  and  south  on  both  coasts.  Pacific  and  Atlantic,  including 
the  Gulf  of  Mexico  and  Caribbean  Sea,  and  b}r  Government  action  induce  all  connect- 
ing links  to  cooperate  in  such  manner  as  to  avoid  loss  of  time  and  intermittent  HanHli^g 
it  freight,  mail,  and  passengers. 
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Eighth,  to  recommend  that  in  all  cases  in  which  vessels  proceed  in  one  direction 
only  from  the  ports  of  one  American  State  to  another,  that  reciprocal  measures  shall 
be  taken  to  provide  return  cargoes  warranting  return  service. 

Ninth,  in  view  of  the  immense  importance  to  the  development  of  steamship  lines 
of  factors  contributing  to  facility  and  permanence  of  flourishing  trade  conditions  it 
is  recommended  that  direct  banking  and  cable  service  be  established  and  that  a 
common  system  of  weights  and  measures  be  adopted. 

These  resolutions  were  unanimously  adopted.  Very  little  attention,  however, 
has  been  paid  to  these  resolutions,  as  to  establish  such  policies  would  make  the  Western 
Hemisphere  absolutely  independent  in  the  handling  of  its  commerce  and  naturally 
this  is  to  be  prevented  at  all  hazards. 

The  stock  in  trade  argument  Used  against  efforts  for  marine  rehabilitation  is  that 
the  people  and  capital  of  the  nations  of  America  are  better  employed  in  developing 
their  own  internal  resources  and  that  the  commodities  of  trade  should  be  carried  by 
those  already  possessing  and  controlling  the  means  of  ocean  commerce.  This  soph- 
istry has  long  passed  current  because  not  challenged. 

Had  we  adhered  to  the  wise  laws  of  our  first  Congress  we  should  have  kept  gold  at 
home  to  develop  our  own  coimtry  instead  of  letting  more  enterprising  nations  make 
such  profits  and  lend  them  back  to  us,  so  compoimding  the  drain  upon  our  resources. 

If  we  suffer  our  various  products  to  be  interchanged  solely  through  the  mediimi  of 
transportation  systems  foreign  to  our  control,  such  systems  will  be  able,  after  portioning 
out  our  trade  to  their  self  interest,  to  inflict  inferior  service  at  disadvantageous  rates. 

The  commerce  now  carried  on  between  the  nations  of  the  Western  Hemisphere  has 
been  increasing  rapidly,  and  with  such  increase  there  has  been  forming  an  ever 
strengthening  control  of  its  carriage  in  ships  of  another  hemisphere. 

With  such  increase  unchecked  there  will  in  time  be  built  up  a  system  powerful 
enough  to  replace  competition  by  dictation.  With  buying,  selling,  banking  insur- 
ance and  transportation  developed  to  a  degree  that  defies  successful  or  possible  exer- 
cise of  such  factors  of  commerce  by  ourselves,  we  shall  be  reduced  to  the  parts  of 
simple  consxmiers  and  producers,  giving  of  our  labor  and  resources  to  enrich  alien 
peoples. 

In  many  cases  the  disposition  and  the  price  received  by  the  producer  are  fixed  by 
the  carrier,  so  essentially  necessary  are  trade  connections  and  distributive  agencies 
to  the  great  maritime  fleets,  and  such  powers  are  of  course  used  when  possible  to 
advance  the  material  interests  of  the  coimtries  whose  flags  they  fly. 

It  is  true  war  conditions  now  hold  the  exerdse  of  such  powers  in  abeyance.  Such 
conditions  will  soon  give  way  to  the  keenest  and  most  persistent  efforts  to  regain  lost 
ground. 

The  oceans  of  the  world  were  rapidly  being  parcelled  out  into  spheres  of  influence 
and  the  chances  of  our  freeing  ourselves  from  foreign  tribute  was  less  and  less  likely 
of  successful  accomplishment.. 

As  soon  as  the  struggle  for  commerce  on  the  ocean  takes  the  place  of  present  ware 
we  shall  again  find  the  pools,  conferences,  and  combines  of  another  hemisphere  con- 
trolling inter- American  trade,  keeping  up  transportation  charges  in  their  own  trade 
as  well  as  oui^  and  throttling  the  flow  of  trade  to  our  disadvantage. 

And  without  our  own  merchant  fleet  organized  to  take  its  proper  part  we  shall  again 
have  the  same  menace  of  helpless  dependence  uncontrolled  by  even  a  potential  power 
to  compete  on  our  part  so  that  even  national  policies  may  be  subject  to  foreign  dicta- 
tion. 

We  have  been  spending  over  $300,000,000  a  year  in  connection  with  the  carrying  of 
our  people  and  our  products  on  the  ocean. 

Those  who  listen  to  the  siren  song  of  our  rivals  will  tell  you  that  thia  is  done  cheaper 
than  we  can  do  it,  yet  we  carry  a  ton  of  freight  on  our  own  railroads  with  higher  wages 
at  a  rate  which  can  not  be  approached  in  Europe  and  do  the  same  thing  with  our 
coasting  trade. 
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Such  »  view,  too,  shows  ignorance  of  the  simpleet  workings  of  economic  laws. 

In  1907  for  example,  we  exported  $1,800,000,000  of  goods  and  imported  11,^00,000,- 
000,  so  that  other  things  being  equal  a  balance  of  trade  statement  as  usually  given 
should  indicate  a  credit  abroad  of  $600,000,000,  yet  in  that  year  of  stress  every  time 
a  few  millions  of  gold  left  us  on  sailing  days  a  shiver  ran  through  our  financial  distrids. 

What  is  the  unaccounted  for  drain? 

It  is  the  vast  sum  paid  for  ocean  transportation  and  so  long  as  this  is  not  kept  at 
home  we  must  dig  and  delve  and  sweat  to  produce  an  excess  of  exports  over  impoits 
to  pay  for  it. 

For  commerce  includes  transportation  as  well  as  barter  and  sale,  and  a  balance  of 
trade  statement  as  usually  given  is  as  misleading  as  would  be  that  of  a  merdiant  who 
omitted  his  delivery  charges  from  his  statements. 

This  simple,  commonHsense  understanding  of  national  bookkeeping  is  fully  appre- 
ciated by  the  statesmen  controlling  the  destinies  of  other  nations  who  do  not  believe 
that  the  way  to  increase  the  average  weight  of  a  herd  is  to  kill  its  heaviest  members. 

In  1881,  after  the  French  had  passed  their  shipping  law,  Bismarck  laid  a 
memorial  relative  to  this  law  before  the  German  Parliament.  What  a  lesson  in 
constructive  statesmanship  it  was.    He  said : 

There  is  a  desire  (among  the  French)  to  prevent  any  diminution  of  the  400,000,000 
or  500,000,000  francs  profit  on  freifi^hts  which  the  transport  trade  of  the  French  mer- 
chant service  annually  yields,  and  the  ministers  point  to  the  example  of  En^and, 
which  with  a  shipping  of  8,000,000  tons  and  a  profit  on  freight  of  many  million  francs 
can  look  calmly  on  deficits  in  the  trade  balance. 

Now,  we  know  that  both  France  and  England  had  adverse  balances  of  trade.  In 
the  average  year  of  1896  that  of  France  was  $63,883,000,  against  this  the  income  from 
shipping  was  about  $60,000,000.  The  same  year  the  British  adverse  balance  was 
$707,680,000  while  the  credit  from  the  carrying  trade  was  about  $641,350,000,  so  we 
see  that  but  little  additional  credit  was  needed  that  year  from  other  sources  to 
balance  favorably  the  commerce  of  these  two  great  nations. 

Let  us  not  fail  to  note  that  neither  of  these  intelligently  governed  nations  had, 
like  ourselves,  recurring  gold  exportation  panics,  not  from  nonproduction  but  from 
necessity  of  shipping  gold  abroad  to  balance  an  excess  of  imports  plus  foreign  trans- 
portation charges  over  exports. 

Bismark  realizing  that  to  preserve  the  balance  of  commerce  in  favor  of  a  nation 
should  be  the  aim  of  its  statesmen,  learned  from  France's  experience  and  the  wonder- 
ful development  of  the  German  marine  followed. 

No  one  can  fail  to  note  the  advantages  of  the  development  of  shipbuilding  to  a  nation, 
stimulating  as  it  does  every  calling,  profession  and  trade. 

So  if  we  revive  our  marine  and  build  our  own  vessels  we  shall  keep  at  home  hundreds 
of  millions  of  dollars  and  give  employment  to  thousands  of  men. 

Shipbuilding  has  largely  rested  in  past  years  on  the  demands  of  the  coasting  trade, 
but  we  are  now  building  many  vessels  for  the  foreign  trade.  We  shall  see  these  pass 
to  alien  flags  in  a  few  years  after  the  present  war  unless  Congress  r^^lates  commerce 
and  gives  them  a  chance  to  exist. 

Shipping  in  our  domestic  or  coasting  trade  is  a  valuable  industry,  deserving  of  de- 
velopment and  preference,  but  on  the  other  hand  shipping  in  the  foreign  trade  is  not 
only  an  industry  worthy  of  national  regard  but  as  I  have  explained  it  offers  a  ready 
and  commanding  means  of  regulating  our  balance  of  commerce  and  hence  in  the  sum 
total  of  our  national  prosperity  is  of  vital  importance. 

It  should  be  no  longer  a  crime  for  a  statesman  to  confess  that  he  is  selfishly  for  the 
interests  of  his  own  country.  Professions  of  altruism  should  lead  to  sacrifices  only 
of  their  author  and  not  of  the  people  generally.  Let  charity  begin  at  home  and  not 
abroad. 

The  way  to  restore  the  American  marine  is  the  way  it  was  originally  called  into 
being — ^by  constitutional  regulation  of  commerce. 
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Let  us  cease  to  lail  at  antiquated  laws.  They  were  the  heat  laws  and  ervery  change 
or  suspension  has  worked  harm  to  the  nation. 

Events  giving  us  a  temporary  advantage  must  not  be  misunderstood.  We  cannot 
reap  permanent  advantages  by  drifting. 

Ijet  us  take  the  following  from  Jefferson  as  our  text: 

It  is  not  to  moderation  and  justice  of  others  we  are  to  look  for  fair  and  equal  access 
to  market  with  our  productions  or  for  our  due  share  in  the  transportation  of  them, 
but  to  our  own  means  of  independence  uid  the  firm  will  to  use  them. 


SHALLOW-DRAFT  BOATS  AND  BARGES  FOR  INLAND  NAVIGATION. 

By  Col.  L.  H.  BEACH  and  Lr.  Col.  CHARLES  KELLER, 

Corps  of  Engineerij  War  Department, 

The  difference  of  development  which  has  occurred  between  ocean  going  vessels 
and  their  methods  and  powers  of  propulsion,  and  hver  craft,  within  the  knowledge 
of  men  not  yet  entitled  to  be  called  aged,  is  wonderful  and  becomes  startling  when 
once  attention  is  given  to  the  ^progreaa  which  has  been  made  upon  one  side  and  t)ie 
utter  lack  of  advance  upon  the  other. 

The  chief  engineer  of  the  American  fleet  which  under  Commodore  Perry  opened 
Japan  to  intercourse  with  the  world  in  1857  is  authoiity  for  the  statement  that  the 
boilers  of  the  flagship,  the  best  and  most  modem  vessel  of  those  ihwe  gathered,  were 
of  copper  and  were  copper  stayed,  that  the  ordinary  working  pressure  was  12  pounds 
per  square  inch,  and  that  the  greatest  pressure  allowed,  even  in  emeigency,  was  <mly 
15  pounds.  The  battleship  ordinarily  traveled  under  s^,  steam  power  being  used 
only  in  the  case  of  especially  retarding  winds,  or  when  an  impresedon  was  to  be  made 
upon  others  than  the  crew.  A  vessel  had  been  built  the  year  before  with  boilers 
capable  of  standing  a  pressure  of  20  pounds  and  one  was  constructed  that  year  having 
a  strength  of  25  pounds.  The  method  of  propulsion  was  by  means  of  side  wheels 
iintil  1862.  The  single  screw  propeller  was  quite  freely  used  after  1862,  but  it  was  not 
until  1881  that  the  first  twin  screw  vessel  appeared.  Tripple  screws  appeared  in  1905 
and  quadruple  screws  in  1907.  Allowable  boiler  pressure  had  steadily  risen  to  75 
pounds  in  1875,  100  pounds  in  1881,  150  pounds  in  1889  and  200  pounds  in  1895.  It 
has  not  since  risen  greatly  above  this  figure  in  commercial  steamers,  although  in  battle- 
^ips  pressures  as  high  as  800  pounds  to  the  square  inch  are  not  infrequently  used. 

The  size  of  the  oceangoing  vessels  has  steadily  increased  from  282  feet  long  and  2,860 
gross  tonnage  in  1850,  through  420  feet  and  3,707  tons  in  1871,  500  feet  and  7,142  tone 
in  1881, 598  feet  and  12,950  tons  in  1893, 680  feet  and  20,904  tons  in  1901  to  850  feet  and 
43,500  tons  in  1910.  In  the  earlier  vessels  the  displacement  was  from  2  to  2.5  times 
the  gross  tonnage;  in  the  latest  vessels  this  ratio  is  sometimes  as  low  1 .2.  The  advance 
in  engines  has  been  correspondingly  great.  The  original  single  cylinder  engine  was 
in  many  cases  superseded  by  more  improved  types,  the  compound  engine  making 
its  appearance  in  marine  use  in  1854,  and  gradually  direct  acting  vertical  epginee 
engines  with  one  high  pressure  and  one  low  pressure  cylinder  came  into  general  use. 
The  triple  expansion  engine  was  first  successfully  used  in  1882.  Since  that  date  the 
improvements  in  marine  engines  have  been  many  and  rapid.  The  machinery  has 
been  made  lighter  for  the  same  power  and  staronger  for  the  same  weight,  so  that  not 
only  has  the  space  occupied  become  proportionally  much  lees,  but,  by  balancing, 
vibration  has  been  diminished,  and  by  the  use  of  special  metals  or  specially  hardened 
parts  the  life  of  the  engine  has  been  greatly  increased  and  its  economical  working 
correspondingly  enhanced.  The  reciprocating  engine  is  now  being  replaced  in  many 
cases  by  the  steam  turbine  and  internal  combustion  engines  are  beginning  to  be  used. 
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ffVesBels  are  also  built  00  as  to  have  the  greatest  efficiency  for  particular  cargoes, 
not  only  in  carrying  capacity  for  the  size  of  the  boat  but  also  for  quickness  and  economy 
of  loading  and  unloading  by  the  use  of  appliances  or  apparatus  designed  for  this  par* 
ticular  purpose.  In  this  class  of  vessels  are  the  ore  carriers  of  the  Great  Lakes,  the 
colliers  of  the  sea,  tank  steamers  for  petroleum  or  molasses  and  some  have  been  baiH 
especially  for  the  sulphur  trade.  So  efficient  are  the  loading  and  unloading  appliances 
on  the  Great  Lakes  that  a  vessel  can  load  or  unload  from  six  to  ten  thousand  tons  of 
coal  or  ore  in  six  hours  and  often  in  less  time. 

While  this  great  advance  has  been  made  in  every  respect  in  deep  water  vessels, 
what  has  been  the  progress  in  the  development  of  river  craft  to  handle  freight  more 
expeditiously  or  economically  or  passenger  traffic  more  conveniently  or  comfortably 
than  heretofore?  In  size  and  design  the  boats  of  the  Mississippi  and  Ohio  Rivers  and 
on  other  important  streams  of  the  country  are  the  same  as  they  have  been  for  the  past 
50  or  60  years,  the  methods  of  handling  freight  are  identical  but  not  quite  so  effective 
on  account  of  the  passing  of  the  trained  and  skilled  river  men  of  that  time,  while  the 
X>assenger  accommodations  are  distinctly  poorer  and  less  comfortable  than  they  were 
two  generations  ago.  Almost  the  only  advance  in  river  boats  has  been  in  the  allow- 
able boiler  pressure,  which  has  increased  to  correspond  with  land  and  marine  boilers 
generally,  but  the  single  cylinder  hi^  pressure  engine  is  still  in  use,  and  boat  builders 
still  design  their  wheels  by  using  as  a  model  the  wheel  of  some  boat  which  in  the  past 
gave  good  service,  without  knowing  why  or  wherefore  better  results  were  obtained  in 
that  case  than  in  some  others,  or  knowing  for  a  certainty  whether  the  efficiency  of  that 
boat  lay  entirely  in  the  wheel  or  partly  there  and  partly  in  a  fortunate  shape  of  the  hull, 
or  mainly  in  a  more  than  usually  skillful  engineer.  Each  boat  building  shop  had  its 
rules  of  thumb,  or  thought  it  had  special  information  concerning  the  reasons  for  the 
superiority  of  some  particular  boat,  all  of  which  it  guarded  jealously  and  kept  as  far  as 
possible  to  itself  in  the  hope  that  it  might  thus  happen  to  build  better  boats  than  its 
competitors,  and  gain  a  reputation  for  more  effective  construction.  The  fact  that 
the  steam  propelled  ocean  going  tonnage  increased  from  approximately  4,329,500  tons 
in  1873  to  42,629,800  tons  in  1910  called  forth  the  beet  talent  for  design  and  construc- 
tion while  the  capital  involved  warranted  expenditures  for  experiment  and  research 
which  have  resulted  in  the  marvellous  advance  made.  Deep-sea  vessel  construction 
became  a  profession  and  books  have  been  written  upon  its  various  features  which 
give  much  information  upon  screw  propulsion,  and  other  matters. 

The  tonnage  of  river  craft  had  meanwhile  been  diminishing  steadily;  and  the  con- 
stantly dwindling  capital  interested  had  its  work  marked  out  for  it  in  effecting  a  safe 
retreat  instead  of  making  an  advance  so  that  there  was  no  reason  for  capable  men  to 
make  the  designing  of  such  boats  a  life  calling.  The  result  has  been  that  the  building  of 
passenger  boats  for  use  upon  the  western  rivers  has  almost  disappeared,  while  the  con- 
struction of  towboats  and  barges  for  freight  carriage  has  remained  a  matter  of  shop  prac- 
tice instead  of  becoming  a  subject  for  scientific  treatment  as  occurred  with  ocean- 
going steamers.  No  treatise  had  appeared  in  book  form  upon  the  methods  of  propul- 
sion beat  adapted  to  shallow  water  steamboats;  there  was  no  readily  accessible  informa- 
tion concerning  the  properties  of  the  wheel,  nor  could  one  find  in  print  any  data 
which  would  assist  in  determining  whether  one  shape  of  barge  would  give  any  better 
results  than  another. 

To  provide  information  which  would  be  of  use  in  assisting  to  restore  river  naviga- 
tion, or  at  least  to  suggest  improvements  in  boats  and  barges  which  would  embody 
the  result  of  investigation  and  study,  and  help  river  interests  to  proceed  upon  mwe 
definite  knowledge,  Congress  by  the  act  of  June  25, 1910,  directed  that— 

The  Chief  of  Engineers,  under  the  direction  of  the  Secretary  of  War,  is  hereby 
authorized  to  design  and  construct  two  experimental  towboats  of  modem  but  different 
types,  with  a  complement  of  suitable  barges  and  necessary  loading  and  unloading 
fatties  for  towing  and  delivering  supplies  along  the  Misfdssippi  Biv^  and  its  tribu- 
taries, and  in  yn^king  designs  for  such  Doats  the  said  Chief  of  Engineers  shall  investi- 
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gate  and  consider  types  of  boats  in  use  for  similar  purposes  on  nontidal  rivers  in  this 
and  other  countries,  and  for  the  purposes  of  such  investigation,  designs,  and  con- 
struction there  is  hereby  appropriated  the  sum  of  $500,000. 

The  improvement  of  the  rivers  and  harbors  of  the  United  States  for  the  benefit 
of  navigation,  has  since  the  beginning  been  part  of  the  duties  confided  to  the  Secre- 
tary of  War,  under  whom  the  Corps  of  Engineers  of  the  Army  is  directly  in  charge  of 
the  work.  This  accounts  for  the  fact  that  the  investigation  of  the  matter  covered 
by  the  quoted  act  of  Congress  was  confided  to  the  Secretary  of  War  and  the  Chief  of 
Engineers  of  the  Army.  In  accordance  with  the  procedure  usual  in  important 
researches,  the  Chief  of  Engineers  in  turn  appointed  a  board  or  committee  of  four 
officers  of  the  Corps  of  Engineers,  to  whom  he  intrusted  the  duty  of  making  the  investi- 
gations, experiments,  and  observations  necessarily  precedent  to  the  construction  of 
improved  carriers.  Their  report  is  published  as  Dociunent  No.  857,  House  of  Repre- 
sentatives, sixty-third  Congress,  second  session.  The  present  paper  is  a  review  of 
this  report  with  some  additions. 

It  will  be  noted  that  the  act  of  Congress  provides  that  the  types  of  boats  used  in  coun- 
tries other  than  the  United  States,  shall  be  considered.  Accordingly,  a  committee  of 
the  board  visited  those  countries  in  Europe  where  river  trafiic  is  most  highly  devel- 
oped, and  traveled  extensively  upon  the  most  important  rivers,  stopping  en  route 
to  examine  canals,  harbors,  unloading  facilities,  ships,  shipyards,  and  machine 
shops.  In  Germany,  the  Rhine,  the  Dortmund-Ems  Canal,  the  Elbe  below  Dresden^ 
a  portion  of  the  Oder,  the  Spree  Havel  Canal,  and  all  the  most  important  harbors 
were  visited.  The  navigation  of  Austrian  rivers  was  observed  upon  the  Moldau, 
and  on  the  Danube.  In  France  the  Rhone,  Saone,  Seine,  and  Craronne  were  visited, 
and  in  Great  Britain  where  there  is  no  river  navigation  of  the  kind  under  consideration^ 
visits  were  made  to  the  principal  shipbuilding  establishments  making  a  practice  of 
constructing  shallow-draft  river  boats. 

The  prevailing  type  of  towboat  used  on  European  rivers  is  the  side-wheel  steamer 
with  compound  or  triple-expansion  condensing  engines,  the  wheels  being  rigid,  that 
is  on  a  single  shaft.  Modem  stem-wheel  steamers  are  in  use  on  the  upper  Oder,  but 
their  use  on  the  other  rivers  named  has  not  met  with  favor  because  the  stem  wheels 
are  r^arded  as  lacking  power  and  being  more  susceptible  to  injury  on  the  rocky 
banks.  A  few  screw-in-tunnel  boats  are  in  use  on  the  upper  Rhine.  Boilers  of  both 
side  and  stem-wheel  boats  are  generally  of  the  Scotch  marine  type. 

The  stem-wheel  boats  on  the  Oder  have  a  single  triple  or  quadruple  expansion 
engine  amidships.  The  wheel  is  of  small  diameter  with  feathering  buckets,  and  is 
divided  into  two  portions,  with  sufficient  space  between  them  for  the  engine  crank- 
shaft and  shaft  bearing. 

On  the  Rhone  the  typical  side-wheel  river  towboats  were  found  to  be  supplied 
with  Niclausse  water-tube  boilers.    Otherwise  these  boats  were  not  distinctive. 

As  to  barges,  the  committee  noted  the  prevalence  of  the  ship-shape  form  in  (jermany 
and  Austria,  with  occasional  spoon-bows  on  the  Rhine,  and  some  of  "flatiron"  form 
on  the  Elbe,  the  barges  being  generally  of  steel,  each  being  equipped  with  very 
powerful  rudders  and  managed  by  a  separate  crew,  in  order  to  permit  their  being 
towed  advantageously  in  strings  aft  of  the  towboat.  Bai^gemen  constitute  a  special 
class  or  craft,  the  occupation  being  usually  hereditary,  so  that  great  skill  and  economy 
have  been  developed  in  handling  the  traffic. 

Upon  most  of  the  European  rivers  visited,  the  preponderance  of  traffic  is  upstream, 
and  the  methods  of  handling  it  are  essentially  the  same;  that  is,  the  towboat  leads  and 
the  barges  follow,  sixigly  and  at  conjdderable  intervals  going  upstream,  and  with 
two  or  more  abreast  going  down  stream — ^the  size  of  the  tow  varying  locally  with  the 
depth,  width,  and  velocity  of  the  river. 

The  practice  on  these  European  rivers  differs  so  greatly  from  that  which,  by  a  pro- 
cess of  elimination,  has  survived  upon  our  nontidal  rivers,  that  superficial  observers 
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have  not  infrequently  attributed  the  decline  of  our  river  traffic  to  our  vesBels  and  die 
methods  of  handling  them,  and  have  advocated  a  change  to  the  European  methods 
of  towing.  This  matter  is  of  such  economic  consequence  that  it  seems  advisable  to 
refer  specifically  to  the  opinion  of  the  committee  ccmceming  it.  This  will  be  found 
on  pages  73  to  80  of  the  printed  report.  In  effect  it  is  that,  due  to  tbe  difference  in 
physical  characteristics  and  in  labor  conditions,  the  Rhine  method  of  towing  can  not 
advantageously  be  adopted  in  the  United  States;  and  that  the  side-wheel  type  of 
towboat  is  too  wide  and  has  too  little  maneuvering  poww  to  permit  it  to  be  used 
here.  The  lUiine  method  necessitates  independent  steering  of  the  barges,  which 
requires  a  steersmsoi  on  each  baige — ^this  is  out  of  the  question  in  the  United  States, 
because  of  high  labor  cost.  The  committee  points  out  the  fav(»able  situation  of  the 
Rhine  and  o^^  European  rivers  with  respect  to  the  direction  of  movement  of  the 
main  stream  of  traffic,  the  dense  population,  the  numerous  large  cities,  the  clear  water, 
the  stable  stream  beds,  the  absence  of  high  freehets  and  of  pn^onged  inteiruptionfl 
from  ice  or  low  water.  All  these  assist  in  accoimting  for  the  relative  prosperity  of  the 
European  nontidal  rivers,  but  other  influences  are  the  existence  of  bulky  commod- 
ities of  low  grade,  the  low  wage  scale,  the  relatively  small  carrying  capacity  of  the  rail- 
roads, and  the  control  exercised  over  them  by  the  State.  Due  to  the  lower  resistance 
shown  by  experiment  to  obtain  in  the  close  formation  of  barges  as  contrasted  with 
the  open  formaticm  employed  in  Europe,  the  logical  arrangement  of  the  tow  is  that 
in  vogue  in  the  United  States,  and  if  this  is  true,  the  correct  position  of  the  towboat 
is  that  now  employed  on  the  Mississippi  River  and  its  tributaries;  i.  e.,  rigidly  attached 
to  the  stem  of  the  tow  where  alone  it  is  possible  to  control  the  fleet  and  to  navigate  it 
aroimd  the  numerous  ^arp  bends  of  our  rivers. 

Greater  economy  and  efficiency  in  navigating  our  rivers  can  therefore  be  secured 
only  by  improving  the  carrier  and  its  equipment. 

With  a  view  to  determining  the  most  economical  types  of  baiges  and  of  towboats, 
an  extensive  series  of  experiments  has  been  conducted  by  the  board,  in  which  models 
of  nine  different  types  of  barges,  covering  practically  all  the  principal  fonns,  were 
used.  The  tests  included  also  all  practicable  shapes  of  towboat  hulls  and  the  dimen- 
sions and  details  of  both  feathering  and  radial  wheels. 

In  order  to  ^x  the  most  suitable  tyx>e  of  barge,  it  was  necessary  to  determine: 
(1)  The  relative  resistance  of  different  shapes;  (2)  the  resistance  of  each  shape  under 
various  conditions  of  loading;  (3)  the  effect  of  different  depths  of  water  on  ^ese 
resistances;  (4)  the  resistance  of  the  different  forms  when  towed  in  groups  in  varying 
depths  of  water  under  various  conditions  of  loading. 

The  models  represented  barges  150  by  34  by  9  feet,  desirable  dimensions  for  use  in 
Government  service  on  the  Mississippi  River.  The  bow  and  stem  were  alike  for  each 
type.    The  forms  were  as  follows: 

No.  1.  Long  rake,  one-fourth  length,  rounded  deck  line. 

No.  2.  Medium  rake,  one-eighth  lei^gth,  rounded  deck  line. 

No.  3.  45^  rake,  straight  deck  line. 

No.  4.  Circular  rake,  quadrant,  straight  deck  line. 

No.  5.  Long  rake,  one-fourth  length,  straight  deck  line. 

No.  6.  Medium  rake,  one-eighth  length,  straight  deck  line. 

No.  7.  "Flatiron"  shape,  one-fourth  length,  vertical  sides. 

No.  8.  Ship  or  molded  shape,  one-foiirth  length. 

No.  9.  Spoon  shape,  one-fourth  length. 

As  a  result  of  more  than  3,000  runs  in  the  model  tank,  it  may  be  stated  that  towed 
singly  at  ordinary  speed,  the  barges  tend  to  arrange  themselves  in  two  groups,  those 
having  rectangular  deck  lines,  and  those  curved  at  the  ends,  the  latter  group  having 
the  lower  resistance.  Model  No.  7,  the  flatiron  form,  while  erratic,  is  generally  found 
in  the  group  of  higher  resistance. 
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Inddentally  theee  tests  serve  to  show  how  the  residual  or  wave-making  resist- 
anoes  increase  with  diminishing  depth.  The  resistances  of  Barge  No.  t  fully  loaded 
are  as  follows,  at  5i  miles  per  hour: 


In  deep 


11  feet  or 
water. 


9feeto( 
water. 


Total  resistance  (by  experiment) 

IFrictional  resistanee  (Inr  rarmnla) 

Beaidual  resistance  (dUIerenee  between  above) 
Portion  of  resistance  doe  to  surface,  per  cent. . . 
Fordoa  of  realBtanoB  due  to  form,  per  cent 


2,371 
Wl 

1,874 
42 
56 


3,260.0 
907.0 

2,263.0 
80.7 
60.3 


4,360.0 
007.0 

3,853.0 
22.0 
77.1 


When  towed  in  fleets  of  6,  the  barges  no  longer  divide  into  groups  of  rectangular 
and  curved  deck  lines.  In  12  feet  of  water,  partly  loaded,  and  fully  loaded,  and  in 
6  feet  of  water,  partly  loaded,  No.  4  is  the  easiest  form  to  tow,  and  No.  2  is  a  little 
better  than  the  average.  In  9  feet  of  water,  fully  loaded,  No.  2  is  best.  In  9  feet 
depth  of  watef,  partly  loaded,  and  in  6,  9  and  12  feet,  empty,  No.  8  is  the  best.  In . 
the  case  of  single  barges,  No.  8  is  generally  the  easiest  to  tow,  iAfh  Nos.  1,  2,  and  9  as 
close  competitors. 

From  the  tests  made  singly  and  in  groups  of  6,  types  2,  4  and  8  appeared  preferable, 
aiid  these  Were  therefore  further  tested  in  groups  of  two,  three,  four,  and  five.  In 
these  tests  the  barges  were  towed  ahead  of  the  towboat  two  abreast,  the  odd  barge, 
wh^n  there  Was  one,  being  at  the  forward  end  of  the  fleet  and  on  its  longer  axis. 

lii  general,  No.  8  has  the  lowest  resistance  in  the  majority  of  displacements,  group- 
ings and  depths  of  water,  but  Nos.  2  and  4  are  not  greatly  inferior.  On  the  other 
hand,  No.  8  is  the  most  expensive  to  build  and  repair,  and.  under  pome  conditions 
Nos.  2  and  4  offer  less  resistance  and  are  more  convenient  to  assemble  and  handle. 
For  through  traffic  involving  long  distances,  No.  8  should  probably  prove  the  most 
economical.  If,  however,  the  traffic  involves  frequent  breaking  of  tows  and  handling 
of  barges,  Nos.  2  ^d  4  might,  overhead  charges  duly  included,  prove  preferable  to 
No.  8.  The  experiments  show  tjrpes  2,  4,  and  8  to  be  the  best,  final  choice  among 
these  being  based  upon  due  consideration  of  all  the  factors  involved  in  their  probable 
use  for  the  United  States.  The  board  preferred  tjrpes  Nos.  2  and  4,  and  recommended 
a  fleet  of  6  steel  barges  of  each  type  for  experimental  use,  steel  being  preferred  to 
Wood  as  the  material  of  construction,  because  of  its  lesser  frictional  resistance. 

During  the  course  of  the  investigation,  it  was  suggested  by  parties  engaged  in  ship- 
ping coal  by  river  to  New  Orleans  that  an  economic  gain  might  result  from  the  use 
of  barges  of  such  sizes  and  construction  as  would  permit  them  to  be  nested  when  empty. 
The  board's  experiments  permitted  a  solution  of  this  question.  A  comparison  was 
made  between  barges  of  types  Nos.  2,  3,  4,  and  8  nested  and  also  separately  in  fleet 
formation  at  various  speeds  and  depths  of  water,  the  nested  barges  in  each  case  being 
a  single  baige  of  standard  size  with  five  other  barges  of  appropriate  sizes  nested  within 
it.  The  weight  of  the  stand^d  steel  barge  was  assumed  at  150  tons,  and  that  of  each 
of  the  nested  barges  is  assumed  to  be  proportionate  to  the  product  of  its  outside  dimen- 
sions, the  total  displacement  of  six  nested  barges  being  figured  at  792  tons. 

On  these  assumptions  the  resistance  per  ton  of  displacement  for  the  different  types 
of  barges  nested  in  this  manner  is  shown  in  the  accompanying  table  at  speeds 
of  3,  4,  5,  and  6  miles  per  hour,  and  in  depths  of  9  feet  and  12  feet  of  water,  and  the 
resistances  of  the  same  barges  grouped  in  fleet  formation  are  given  in  parallel  columns. 
In  this  table  the  resistances  per  ton  of  displacement,  and  changes  in  resistance,  are 
computed  for  still  water.  The  coal  consumption  is  in  all  cases  computed  as  against 
a  current  of  two  miles  per  hour. 

Barge  No.  8  tows  best  singly,  but  not  so  well  in  fleet,  and  the  results  of  nesting  would 
therefore  be  most  pronounced  with  this  type.    From  the  table  it  is  seen  that  the  ad- 
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vantages  of  nesting  diminiflh  at  a  9  foot  depth  as  the  speed  of  the  boat  increaaes,  and 
while  the  advantage  is  considerable  at  three  miles  an  hour,  it  entirely  disappean 
when  the  speed  reaches  about  5}  miles.  With  a  depth  of  12  feet  there  is  a  gain  whic^ 
appears  considerable  when  expressed  as  a  percentage,  although  diminishing  as  the 
speed  Increases,  but  which  becomes  nearly  uniform  when  expressed  in  pounds  of 
coal,  averaging,  for  the  speeds  considered,  21.45  pounds  per  mile. 

Barge  No.  2  tows  next  best  singly,  and  about  the  same  as  No.  8  in  fleet,  with  the 
loads  considered  in  this  comparison.  The  gain  by  nesting  is  therefcnre  not  quite  so 
much  with  this  barge  as  with  No.  8.  With  barge  No.  2  at  9  feet  there  is  a  sli^t  gain 
at  the  slower  speeds  which  afterwards  diminishes.  At  12  feet  there  is  a  constant  gain 
which  seems  to  increase  slightly  as  the  speed  increases,  at  6  miles  an  hour  being  almost 
as  much  as  the  gain  with  barge  No.  8.  The  average  gain,  for  the  speeds  considered, 
is  18.02  poimds  of  coal  per  mile. 

With  barge  No.  4  there  is  a  loss  at  9  feet  depth,  except  at  the  lowest  speed  of  three 
miles  per  hour.  At  a  depth  of  12  feet  there  is  a  gain,  which,  expressed  in  pounds  of 
coal  per  mile,  gives  an  average  of  13.61  for  the  speeds  considered.  The  average  loss 
at  9  feet  depth  for  these  same  speeds  is  14.05  pounds. 

Barge  No.  3  shows  a  considerable  loss  as  the  result  of  nesting  in  9  feet  of  water,  and 
in  12  feet  it  gives  a  slight  gain  at  3  miles  per  hour,  with  loss  at  higher  speeds.  The 
average  loss  in  coal  per  mile  for  this  baige  is  51.27  pounds  at  9  feet  depth  and  11.27 
pounds  in  a  depth  of  12  feet. 

In  giving  the  results  in  pounds  of  coal  it  is  realized  that  here  maybe  considerable 
variation  in  coal  consumption,  but  if  all  the  other  features  of  the  comparison  were 
identical,  using  the  same  boilers,  the  same  stokers,  the  same  kind  of  coal,  the  same 
towboat,  and  with  equal  conditions  of  weather,  etc.,  the  comparison  should  hold  true. 
Practically  the  only  gain  or  saving  by  nesting  would  be  in  the  number  of  poimds 
of  coal  required  to  push  the  nested  barges  upstream,  compared  with  the  amount 
required  to  push  the  fleet  of  empties  over  the  same  route.  No  smaller  number  of  men 
would  be  required  for  the  crew  of  the  towboat  or  of  the  fleet,  nor  do  any  other  items 
of  saving  appear. 

On  the  other  hand,  nesting  has  several  disadvantages  which  must  be  balanced 
against  this  saving  of  coal,  in  order  to  decide  whether  the  method  is  of  practical  utility 
or  not.    These  disadvantages  may  be  enumerated  as  follows: 

(a)  The  reduction  of  size  in  order  to  permit  the  nesting,  with  consequent  loss  of 
carrying  capacity. 

If  5  baiges  are  placed  inside  of  one,  this  loss  amounts  to  72  per  cent  of  the  capacity 
of  the  largest  barge.    If  only  four  barges  are  placed  inside  the  largest,  this  loss  is 
48  per  cent  of  the  capacity  of  the  largest  barge. 
(6)  The  cost  and  delay  due  to  nesting. 

The  ends  of  the  barges  can  not  be  removed  or  replaced  except  when  the  barge  is 
above  water.  The  ends  may  perhaps  be  easily  and  quickly  detached,  but  the  replac- 
ing so  as  to  render  the  barges  water-tight  will  require  more  care  and  time.  The  ends 
are  heavy  and  their  handling  when  separated  and  in  the  nesting  will  be  difficult. 
The  time  necessary  for  these  operations  is  largely  dependent  upon  the  form  of  locking 
mechanism,  a  detail  not  yet  worked  out  so  that  it  is  impossible  to  make  any  estimate 
of  the  expense  involved  or  of  the  time  required, 
(c)  The  cost  of  construction  or  installation  of  nesting  ways,  and  their  maintenance. 
The  only  points  on  the  Mississippi  below  Cairo  where  ^e  barges  could  be  nested 
would  be  Memphis,  Vicksburg,  and  New  Orleans,  and  the  nesting  at  these  places 
can,  under  present  conditions,  be  done  only  upon  the  docks  or  ways  of  boat-building 
or  boat-repairing  establishments.  These  are  likely  to  be  occupied  more  or  less  con- 
stantly, and  if  ways  accessible  for  nesting  barges  at  any  time  are  required,  it  will 
be  necessary  to  build  them  for  this  purpose  and  hold  them  in  readiness  to  meet  any 
demand  for  nesting.    It  is  probable,  however,  that  the  larger  part  of  the  coal  brought 
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down  river  in  these  barges  will  be  distributed  from  these  points,  with  correspond- 
ingly few  occasions  compelling  the  towing  of  the  fleet  of  empties  a  considerable  dis- 
tance to  the  nesting  ways. 

(d)  The  increased  cost  of  constructing  a  boat  of  this  type. 

Just  what  proportion  this  excess  would  bear  to  the  cost  of  constructing  an  ordinary 
barge  is  uncertain,  as  no  detailed  plans  have  been  prepared.  The  builders  with  whom 
the  matter  has  been  discussed  state  that  the  excess  in  cost  would  be  considerable. 

{e)  The  increased  resistance  of  the  loaded  fleet  of  different-sized  barges. 

If  the  fleet  is  to  be  allowed  to  float  with  the  current  iMs  item  will  not  arise  to  an 
important  degree,  but  as  soon  as  any  attempt  is  made  to  push  the  barges  at  a  rate 
beyond  this  speed,  a  greater  resistance  will  be  encountered  than  would  be  foimd 
with  barges  of  a  uniform  size,  and  this  increased  resistance  will  be  considerable. 

As  shown  in  the  following  table,  the  greatest  gain  is  made  with  bai^ges  8  and  2, 
which  are  of  such  shape  that  it  is  practically  impossible  to  apply  the  plan  proposed, 
of  removing  the  end  of  the  boat  so  as  to  permit  others  to  be  floated  into  it: 

Comparison  of  fleet  and  nested  barges, 

BARGE  NO.  8. 


Pounds  of  coal  to 
move  fleet  1  mile 
against  a  3-iQUe 
current. 

Resistance  in  pounds  per  ton  of  dis- 
pWeraeut. 

Miles  per  hoar. 

Barges  nested. 

Barges  in  fleet. 

Ofeet 

depth. 

laieet 

aepth. 

Ofeet 

depth. 

12  feet 
depth. 

Ofeet 
depth. 

12  feet 

depth. 

8 

50.68 
65.30 
90.64 
125.24 

40.09 
63.58 
76.95 
105.26 

1.15 
2.30 
8.78 
6.82 

1.00 
1.71 
2.83 
4.35 

2.46 
8.17 
4.40 
6.07 

2.11 

4 

2.82 

5 

4.05 

6 

5.54 

BARGE  NO.  2. 


3 

41.61 
65.30 
97.85 
141.32 

39.33 
66.81 
80.18 
113.62 

1.57 
2.57 
4.06 
6.56 

1.23 
2.14 
3.27 
4.83 

2.02 
3.17 
4.75 

6.86 

2.07 

4 

2.99 

5 .  .. 

4.22 

6 

5.98 

BARGE  NO.  4. 


3 

55.62 
87.55 
127.72 
183.34 

49.40 
78.85 
114.00 
161.50 

2.63 
4.57 
7.07 
10.50 

2.17 
3.52 
5.22 

7.50 

2.70 
4.25 
6.20 
8.90 

2.60 

4 

4.15 

6 

6.00 

6 

8.50 

BARGE  NO  3. 


47.17 
71.69 
106.09 
151.41 


45.22 


96.14 
136.23 


2.79 
4.99 
8.03 
12.40 


2.28 
3.84 
5.93 
8.49 


2.29 
3.48 
5.15 
7.35 


2.38 
3.52 
5.06 
7.17 
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Comparison  of  fleet  and  nested  5ar^e«— Continued. 

BARGE  NO.  8. 


Results  of  nestlDg. 

MUesper 

Oiange   in    resistaDoe    in 
pounds  per  ton. 

Per  cent  of  change. 

Results  in  pounds  of  coal  per 
mile. 

hour. 

9  feet  depth. 

13  feet  depth. 

9  feet  depth. 

12  feet  depth. 

9  feet  depth. 

12  feet  depth. 

Oidn. 

Loss. 

Gain. 

Loss. 

Gain. 

Loss. 

Gain. 

Loss. 

Savinf. 

Loss. 

Saving. 

Loss. 

8 

1.81 
.87 
.03 

■  6.'26* 

1.11 
1.11 
1.12 
1.10 

58 

27 
14 

4' 

S3 
39 
28 
21 

36.06 
17.63 
12.60 

'*6.'6i" 

31.35 
30.90 
31.55 
22.10 

4 

5 

6 

BARGE  NO.  2. 

8 

0.45 
.60 
.70 
.80 

0.84 
.86 
.95 

1.15 



22 
10 

15 

4 

41 
28 
23 
19 

9.16 
12.41 
14.68 

5.66 

16.13 
15.91 
18.44 
21.60 

4 

5 

6 

BARGE  NO.  4. 

8 

0.07 

0.88 
.87 
1.60 

0.48 
.03 

.78 
1.00 

3 

8 
14 
18 

17 
16 
13 
12 

L67 

7.00 
17.88 
33.00 

8.40 
11.83 
14.83 
19.38 

4 

5 

6 

. — 

- 

BARGE  NO.  8. 

8 

0.60 
1.61 
3.88 
6.06 

0.10 

22 
43 
56 
60 

4 

10.38 
30.83 
50.41 
104.47 

L81 

4 

0.32 

.87 

1.32 

9 
17 
18 

',','.'.'.'.'.'. 

6  02 

6 

16.34 

e 

24.53 

It  IB  suggested,  however ,  that  the  nesting  of  these  barges  could  be  accomplished  by 
having  the  boats  floated  under  a  traveling  crane  which  runs  astride  a  slip  or  other  con- 
venient waterway  so  located  that  the  baiges  can  be  brought  under  it,  lifted  from  the 
water  and  nested  by  means  of  suitable  hoisting  attachments.  A  crane  of  this 
character  need  not  have  a  greater  capacity  than  150  tons.  The  cost  of  nesting 
with  such  a  crane  would,  it  is  believed,  be  less  than  that  of  nesting  and  unnesting, 
by  removing  the  ends  of  barges  and  replacing  them.  Whether  this  would  be  prac- 
ticable or  not  depends  upon  the  cost  of  the  cranes  as  compared  with  those  of  the 
boat  ways  and  removable  ended  barges,  together  with  the  relative  costs  of  operation. 
Even  with  barges  3  and  4  the  removable  ends  will  weigh  probably  8  tons,  and  cranes 
or  other  plant  for  lifting  these  weights  will  be  required. 

The  cost  of  towing  a  nest  of  barges  of  the  No.  8  type — ^the  type  most  fovorable 
to  the  nesting  plan — ^from  New  Orleans  to  Pittsburgh,  would  probably  not  show  a 
greater  saving  in  fuel  than  20  tons  over  the  method  of  towing  the  empties  in  fleet. 
This,  at  |3  per  ton  would  be  only  |60,  or  only  |10  per  barge.  It  is  doubtful  if  the 
interest  on  the  installation  of  marine  ways  or  a  dry  dock,  or  a  travelling  crane,  coupled 
with  the  expenses  of  nestiog  and  unnesting,  can  be  kept  within  this  figure.  With 
any  other  type  of  barge  the  saving  would  be  less  than  this,  or  there  might  be  a  dis- 
tinct loss.    All  things  considered,  the  plan  of  nesting  barges  would  not  be  economical. 

It  has  already  been  stated  that  the  tests  show  barge  forms  Noe.  2,  4,  and  8  to  be 
the  most  economical  to  tow;  but  emphasis  should  be  placed  upon  the  fact  that  the 
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character  of  the  traffic  is  the  principal  factor  in  selecting  from  these  three  the  best 
form  for  any  purpose.  To  permit  a  dedaion  to  be  made  more  readily,  plates  18  to 
2^  have  been  prepared  by  United  States  Assistant  Engineer  Mower  of  the  United 
States  engineer  office,  Tuscaloosa,  Ala.  These  plates  show  the  tow-rope  horsepower 
required  under  various  conditions  by  types  Nos.  2,  4,  and  8,  and  permit  a  choice 
to  be  more  intelligently  made.  The  tow-rope  horsepower  is  approximated  as  being 
30  per  cent  of  the  indicated  horsepower  required. 

In  general,  in  the  Western  Hemisphere,  and  largely  in  Europe  as  well,  the  move- 
ment of  freight  by  river  is  principally  in  one  direction.  On  the  Mississippi  and  Ala- 
bama River  systems  this  is  largely  a  downstream  traffic  in  coal;  on  the  Rhine  the 
bulk  of  the  traffic  is  ui)6tream.  On  the  assumption  ^lat  tows  of  5  or  6  barges  fully 
loaded  proceed  downstream  at  still-water  speeds  of  7,  6,  and  5  miles  per  hour,  and  that 
with  engines  capable  of  developing  these  speeds  the  tows  proceed  empty  upstream 
under  full  power  at  still-water  speeds  corresponding  to  such  full  power,  the  total 
cost  of  transportation,  including  a  due  allowance  for  fixed  charges,  is  as  shown  in  the 
last  column  of  the  following  table: 

Cost  of  return  trip  (light), 

{Supplement  to  plate  57,  report  on  experimental  towboats.] 

In  the  following  table  18  per  cent  of  investment  is  allowed  as  fixed  diarges;  3^  pounds  of  coal  per  horse- 
power hour;  eost  of  coal .  I3per  short  ton;  |1£  of  investment  per  ton  of  baree  capadty;  wages  and  subsistence 
per  year  (of  8,600  hours),  120,000;  and  towrope  horsei>ower  equals  0.3  indicated  horsepower.  It  is  assumed 
that  towboat  delivering  freight  will  return  tbe  empty  barges  and  develop  same  power  on  return  trip. 


IN  0  FEET  OF  WATER. 
[6  barges,  4,600  short  tons  delivered.] 


Down- 
stream 

miles 
per 

hour. 

still 
water. 

Up. 
stream 
miles 

per 
hour. 

stin 

water. 

Tow- 
rope 
horse- 
power. 

Indi- 
cated 
horse- 
power. 

Chargeable  to  delivery  per  ton  mile. 

Total 
cost  of 
delivery 
and  re- 
turn per 
ton-mile. 

Barge 
No! 

Pounds 
of  coal. 

Costot 
coal. 

Wages 
and  sub- 
sistence. 

Fixed 

charges* 

Total 
cost  of 
return, 
light. 

2 

4 
8 

* 

9.« 
8.5 
7.3 
0.2 
&5 
7.2 
9.1 
7.9 

606 
416 
340 
846 
475 
246 
480 
258 

2,317 

1,386 

800 

2,817 

820 

1,600 

860 

a  121 
.081 
.055 
.153 
.003 
.060 
.087 
.054 

la  000182 
.000121 
.000082 
.000230 
.000139 
.000090 
.000130 
.000081 

10.000129 
.000145 
.000169 
.000135 
.000145 
.000172 
.000136 
.000156 

10.000344 
.000270 
.000224 
.000422 
.000294 
.000230 
.000277 
.000216 

la 000655 
.000536 
.000475 
.000787 
.000578 
.000492 
.000543 
.000453 

la  001553 
.001290 
.001170 
.001820 
.001403 
.001194 
.001370 
.001170 

IN  12  FEET  OF  WATER. 


2 

10.5 

400 

1,333 

OlOTO 

la  000105 

la  000118 

ta  000234 

la 000457 

la  001202 

9.2 

227 

757 

.041 

.000062 

.000134 

.000176 

.000872 

.001067 

4 

lao 

416 

1,887 

.065 

.000097 

.000116 

.000216 

.000429 

.001189 

9.0 

228 

760 

.042 

.000063 

.000137 

.000177 

.000377 

.001017 

8 

10.4 

320 

1,067 

.051 

.000077 

.000119 

.000185 

.000381 

.001043 

8.9 

173 

573 

.032 

.000018 

.000130 

.000158 

.000345 

.000059 

IN  9  FEET  OF  WATER. 
[5  barges,  3,750  short  tons  delivered.] 


2 

/         « 

&1 

299 

997 

a073 

10.000109 

10.000183 

KX  000250 

10.000548 

la  001299 

\         5 

7.2 

205 

683 

.066 

.000084 

.000204 

.000229 

.000517 

.001268 

4 

/         « 

7.8 

280 

983 

.071 

.000106 

.000180 

.000254 

.000549 

.001268 

\         5 

7.1 

205 

683 

.057 

.000086 

.000307 

.000232 

.000625 

.001270 

8 

/         « 

8.1 

270 

900 

.067 

.000101 

.000183 

.000241 

.000525 

.001282 

\         5 

7.2 

ISO 

600 

.060 

.000075 

.000206 

.000215 

.000495 

.001300 

68436 — ^17— VOL  vi- 


-40 
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Similar  figoree  of  cost  may  be  computed  from  the  corves  of  plates  IS  to  25,  under 
other  asBumptioDS  as  to  speed,  loading,  and  direction  of  traffic. 

This  plate,  applies  only  to  stiU-water  navigation,  and  in  actual  towing  the  velocity 
of  the  river  will  serve  to  increase  downstream  speed,  and  to  reduce  downstream  cost, 
while  the  reverse  rule  applies  to  upstream  traffic.    The  following  computation  is 


MHcs  per  Hour 


■f 


230C 


A r^» vr 

Miles  p^  Hour 


House  Powcn  REQumeo 

TO  DRIVE 
I  TO  •    UOHT  BAKAKS 
\n 
m  Fcrr  or  wA-rK« 
af  from 


Ganges  z,^^B  consKhnnf 
PLATE  le 


Miles  per  Hour 


quoted  from  a  paper  prepared  by  Mr.  Mower,  and  shows  the  effect  of  river  velocity  ifl 
a  particular  case: 

Let  c>=deadwater  cost  as  shown  in  tables. 
C=actual  cost, 

v=dead water  velocity  in  miles  per  hour  as  shown  in  tables, 
f —velocity  of  current, 

Then  the  actual  cost  per  mile-ton,  downstream— C""Cj^»  and  actual  cost  per  ton- 
mile,  upstream— C=c^^- 
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For  example,  the  downstream  cost  of  delivering  a  6  barge  tow,  type  2,  in  9  feet  of 
-water  at  6  miles  per  hour  is  shown  by  tables  to  be  $0.00076,  and  requires  416  effective 
horsepower;  the  return  trip  of  the  same  fleet  in  dead  water  would  cost  $0.000536,  the 
round  trip  amounting  to  $0.001296.  Should  a  8  mile  current  be  running,  the  down 
trip  would  cost 

C=c^=$0.00076Xf|:3=$0.000507 
per  ton-mile,  and  the  return  trip  would  cost 

C=$0.000636Xg^Z5'-W.000828, 
making  the  round  trip  amount  to  $0.001335. 


HoRM  Bdwkr  Required 
TO  omvB 
I  TO  e    L.I€H-r  B/^RSCS 

IN 


Boffv^  4-^  s  conmkfd^ 


9   FECT  orWATTER 

J^  TO  a  MILffS  Ptn    HAUIt 

PLATE  18 

Mik»  per  \iour 

If,  on  the  other  hand,  freight  is  being  transported  upstream  with  the  same  fleet  and 
returning  light,  the  ton-mile  cost  will  be 

$0.00076XgZ3+W.000536Xg4i|^=W.001971. 

It  is  plain  that  the  infinite  variety  of  conditions  renders  it  impossible  to  make  definite 
conclusions;  but  within  the  limits  of  the  experiments,  once  the  conditions  are  known, 
the  most  economical  method  of  towing  barges  may  be  closely  approximated. 

In  the  experiments  with  towboat  hulls,  the  forms  selected  were  the  shipnshape,  the 
scow,  the  tunnel  stem,  the  "snout"  stem,  and  the  catamaran.  The  "snout"  stem 
is  used  to  permit  the  wheel  to  be  divided  and  the  machinery  to  be  placed  on  the 
center  line  of  the  boat. 
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Of  all  fonns  of  towboat  hulls  tested,  the  ship-chape  eeeam  to  have  the  least  resistaiice, 
and  in  other  tests  not  herein  discussed,  it  was  found  also  to  have  the  best  stesdiig 
qualities.    This  form  is  therefore  preferable  for  river  use,  as  it  is  also  od  the  hi^  aen. 

The  means  of  propulsion  on  river  craft  which  have  been  found  of  pcaedcal  efficiapcy 
are  the  side  wheel,  the  stem  wheel,  the  screw  propeller  in  the  open,  the  4Krew  pfo- 
peller  in  tunnel,  the  chain  passing  through  the  boat,  and  the  cable  attadtied  to  the  boat 
The  chain  and  cable  have  been  used  mainly  in  Europe  on  rivers  of  steep  slope  and  firm 
bed.  They  are,  however,  inapplicable  where  the  bed  is  unstable,  as  upon  the  Missis- 
sippi River  and  its  tributaries  and  most  ot  the  streaBv  in  the  Soulhem  States.  These 
streams  have  alluvial  banks  changing  their  beds  or  at  least  portions  of  them  so  rapidly 


Miles  p4r  Hour 


Ho««c  ffovvcii  RsamKSO 

TO  OAlVC 

2  TO  5  i.taH-rs>KM6C9 

9:  IN 


F\\fK  Barocs 


PLATE  20 

that  a  chain  or  cable  would  be  silted  over  to  such  an  extent  as  to  be  inoperable.  1^ 
shallow  water  the  ordinary  type  of  screw  propelled  boat  with  propeller  in  the  open  can- 
not use  a  wheel  large  enough  to  develop  the  necessary  power.  The  board  was  therefore 
compelled  to  limit  its  investigations  to  the  three  types,  the  side  wheel,  the  stem  wheel, 
and  the  propeller  in  tunnel.  The  side  wheel  boat  is  the  predominant  type  on  Euro- 
pean rivers,  due  to  the  method  followed  there  of  towing  the  fleet  of  barges  astern,  but  it 
is  not  applicable  to  the  rivers  of  the  Mississippi  system  or  of  those  flowing  into  the  GuU 
of  Mexico  for  in  these  the  channel  swings  from  side  to  side  and  in  passing  from  one  bank 
to  the  other  often  lies  in  such  position  that  the  current  of  the  stream  flows  acroBB  it< 
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To  follow  this  channel  the  towboat  must  have,  while  running  downstream,  ability  to 
''flank'' — that  is,  to  more  sidewayB  at  the  same  time  that  it  moves  forward.  This 
maneuver  is  accomplished  by  means  of  the  boat's  backing  while  the  residual  motion 
or  current  carries  the  tow  forward,  and  in  order  to  give  the  boat  sufficient  power  for  the 
jinrpoee  Ifltfge  balanced  rudders  are  necessary.  The  tunnel  boat  can  also  do  this  work 
of  flanking  fakly  well  but  the  side  whed  boat  lacks  this  alnlity,  especially  when  boHi 
wheels  att  upon  oae  shaft. 

The  board  found  practically  nothing  in  print  giving  any  reliable  data  concerning 
^e  design  of  wheels  and  was  forced  to  make  its  own  experiments  which  were  carried 
on  at  considerable  length. 


mu%-p9r    ft( 


Hiks  per  Hour 


Miles  ptr  Hour 


3ay€Stt^9  consie/ert^ 


TO  oRive 

•^  TO  T  Mil^ES  PER  HOUR. 
IN 
6  rSKT  OW  WATER. 


plate:  21 


The  radial  wheel  is  the  fcvm  generally  used  upon  our  river  towboats,  mainly  on 
account  of  its  simplicity  and  the  ease  and  readiness  with  which  it  can  be  repaired  in 
case  of  injury,  an  important  consideration,  on  account  of  the  large  amount  of  drift 
flowing  at  high  water  in  the  Mississippi  and  most  of  its  tributaries,  but,  owing  to  the 
devdopment  of  the  country  and  the  work  of  the  (Government  snagboats  for  years 
past,  the  amount  of  drift  has  been  largely  diminished  and  the  advantage  of  the  radial 
wheel  in  this  respect  has  much  diminished.  In  the  experiments  with  the  radial 
wheel  it  was  found  that  the  thrust  increases  with  the  niunber  of  blades  up  to  10  and 
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with  an  unmenion  up  to  24  per  cent.  Immersion  is,  however,  generaUy  physicftlly 
limited  by  the  draft  of  the  boat  and  the  number  of  blades  is  limited  by  the  size 
of  the  wheel. 

The  feathering  wheel  is  heavier  than  the  radial  wheel  of  the  same  aiafie,  and  its 
diameter  is  limited  by  its  weight.  It  is  found,  however,  that  a  feathering  wheel 
is  approximately  as  efficient  as  a  radial  wheel  of  twice  the  diameter  except  at  very 
low  speeds,  so,  for  wheels  of  the  same  power,  a  feathering  wheel  is  lighter  than  a  radial 
wheel  and  the  moment  of  its  weight  is  much  less.  The  hi^^  efficiency  of  the  radial 
wheel  at  lower  slip  is  probably  due  to  the  foct  that  its  blade  is  Kt  such  an  angle  whm 


Miles  p€r  Hour 

-I*- 


Mil<«  per  Hour 
41 —iSl. 


House.  Powtn  RcQuiRto 
Toomvc 

(  TO  •  B>M^aK8k  S9%  LOAOCa 
^TOf  MI1.BS  ^CR  HOum, 
IN 
0  rCCT  or  WATER. 


Sanies  9,^S^»  consi^fmrtd 


PLATE   22 


entering  the  water  that  it.does  not  act  as  a  brake  while  the  feathering  wheel  may  have 
pressure  at  the  back  of  the  blade  when  entering  and  leaving  the  water,  depending 
upon  the  slip  at  which  the  wheel  is  running  and  the  angle  at  which  the  blade  is  placed, 
for  in  some  of  the  board's  experiments  it  was  found  that  at  certain  dips  and  numbers  of 
revolutions  there  was  a  back  pressure  on  the  blade  at  the  entrance  and  at  low  stips 
there  might  be  a  negative  thrust  at  entrance  and  exit  of  the  blade.  This  can,  however, 
be  modified  to  a  large  extent  by  controlling  the  angle  of  entrance  and  exit,  and  the 
relative  centers  of  the  wheel  and  blade  motion  should  be  adapted  to  the  work  which 
the  boat  is  intended  to  do. 
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The  board  found  that  for  the  eame  width  of  wheel  the  horsepower  is  largely  a 
matter  of  the  angle  of  entrance  of  the  blade  into  the  water.  The  feathering  wheel  is 
so  constructed  as  to  have  the  blade  at  all  times  normal  or  nearly  so  to  the  line  of  effec- 
tive thrust.  Therefore,  the  diameter  of  the  feathering  wheel  within  reasonable  limits 
has  little  effect  on  the  horsepower  required.  This  is  plainly  shown  in  the  following 
table: 

Milts  ptr  Hour 


c 

1 


Home  FVwcr  Riquirio 

TODfWC 

^TO  S  MtL.CS  PKR  HOUR 
IN 


Sar^tSA  ^\^  eofMet€n€L 


PLATE  5J 


COMPARISON  OF  FEATHERING  WHEELS. 


Resist- 
ance of 
fleet. 

Wheel  diameter. 

Beam 
of  tow 
boat 

14.6  feet. 

17.5  feet. 

21.9  feet. 

(foet). 

SUp. 

E. 

R.P. 
M. 

Horse- 
power 

SUp. 

E. 

R.P. 
M. 

Horse- 
power 

Slip. 

B. 

R.P. 
M. 

Horse 
power 

34 
37 
40 
43 

24,000 
24,300 
21,600 
24,900 

PtxcL 
72.1 
68.6 
65.5 
62.6 

PtrcL 
19.2 
22.8 
28.1 
29.0 

34.6 
30.6 
27.8 
25.6 

1,398 

1,194 

1,056 

962 

Pfl-rt. 
73.6 
09.3 
66.0 
63.0 

PtrcL 
18.8 
23.0 
26.7 
29.5 

31.8  '  1,429 
27.4  .  1,183 
24.7  .  1,032 
22.7        945 

PercL 
74.8 
70.2 
66.4 
63.3 

PtITCL 

17.0 
21.8 
26.0 
29.2 

25.7 
21.7 
19.3 
17.7 

1,681 

1,248 

1,059 

966 
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Resist- 
ance of 
fleet. 

Wheel  diameter. 

Beam 
of  tow 
boat 
(feet). 

16.8  feet. 

21  feet. 

26  feet. 

SUp. 

E. 

R.P. 
M. 

Horse- 
power 

SUp. 

E. 

R.P. 
M. 

Horse- 
power 

Slip. 

E. 

R.P. 
M. 

Horse- 
power 

34 
37 
40 
43 

24,000 
24,300 
24,600 
24,900 

Perct, 
8L4 
76.0 
72.7 
60.7 

Perd, 
9.9 
12.7 
15.3 
18.0 

43.6 
33.0 
28.9 
26.1 

2,715 
2,143 
1,800 
1,550 

PereL 
74.6 
71.7 
60.0 
66.6 

PertL 
17.0 
19.2 
21.1 
23.0 

24.9 
22.4 
20.4 
19.0 

1,580 
1,430 
1,310 
1,220 

PercL 

n.\ 

68. 4 
66.0 
63.7 

PtrcL 
20.0 
21.1 
24.1 
26.0 

17.7 
16.2 
15.0 
14.1 

1,M4 
1,22» 
1,14S 
1,078 

.  Miks 


Miles  p«r  Hour 

15 le 


MiltfA  o«r  Hdut 


Bdryts  2>  ^  V  «  consitftrtd 


TO  DRIVK 
I  TO  S   LOAOSID  BAMOKS 
IN 
m   p-ECTOrWATtlt. 


PLATE  24 


With  the  radial  wheel  the  position  of  the  blade  with  respect  to  the  line  of  effective 
thrust  improves  with  the  size  of  the  wheel  but  in  a  diminishing  ratio.  The  radial 
wheel  requires,  on  account  of  its  slower  motions,  a  larger  and  heavier  engine  than  the 
feathering  wheel.  It  also  requires  longer  and  heavier  cylinder  beams.  The  board's 
tests  covered  the  case  of  effect  of  efficiency  by  changing  the  width  of  the  floats  of  the 
wheel,  the  effect  of  length  of  float  upon  efficiency,  the  effect  of  percentage  of  immer- 
sion, the  effect  or  advant^e  of  number  of  floats  for  given  diameter,  and  also  effect  of 
increased  diameter  of  wheel  and  results  obtained  by  separating  the  wheel  as  is  done 
upon  some  boats  on  European  rivers.  The  general  result  of  the  tests  may  be  sum- 
marized as  follows: 
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(1)  For  any  width  of  blade  or  number  of  floats  the  thrust  increases  with  increase 
of  immersion  for  any  slip. 

(2)  The  efficiency  decreases  rapidly  toward  the  higher  values  of  slip.    It  also  de* 
creases  with  increase  of  immersion. 

(3)  The  thrust  in  general  increases  with  the  increase  in  number  of  floats  within 
the  usual  limits. 

(4)  The  effect  of  increase  of  width  of  blade  is  small  at  small  immersions,  but  at 
deeper  immersions  the  wider  blades  give  the  greater  thrust. 

(5)  The  efficiency  decreases  slightly  with  increase  in  nimiber  of  floats. 

(6)  The  thrust  varies,  approximately,  directly  as  the  length  of  float. 


PLATE    25 


(7)  When  two  wheels  are  separated,  the  thrust,  except  when  very  close,  is  that 
due  to  the  two  wheels  only. 

(8)  The  thrust  varies  approximately  as  the  diameter  for  constant  immersion. 

(0)  For  a  given  diameter  and  immersion  the  radial  delivers  more  thrust  than  the 
feathering  wheel,  but  at  a  much  smaller  efficiency. 

(10)  The  thrust  and  efficiency  of  a  feathering  wheel  vary  with  the  position  of  the 
feathering  eccentric;  the  thrust  generally  decreasing  with  increase  of  eccentricity. 

Except  in  a  few  cases  the  power  plant  of  a  river  boat,  i.  e.,  the  boiler  engines  and 
auxiliaries,  remain  of  the  comparatively  uneconomical  type  in  vogue  50  years  ago. 
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and  their  only  advantage  is  simplicity  and  ease  of  operation,  for  which  their  wasteful- 
ness seems  a  high  price.  The  boiler  in  common  use  is  of  the  return-flue  type,  exter> 
nally  fired.  Such  a  boiler  has  a  great  overload  capacity,  a  quality  of  value  in  han- 
dling a  heavy  tow  downstream;  the  laige  flues  seem  to  suffer  from  sediment-bearing 
feed  water  less  than  do  boiler  tubes  of  the  usual  diameter,  and  it  is  strong  and  simple 
in  construction,  but  it  is  very  heavy,  its  heating  surface  is  small,  and  the  mi^-Hin^^m 
perminible  shell  thickness  is  such  as  to  allow  less  steam  pressure  than  is  usual  in 
marine  practice.  It  would  be  bettor  to  employ  some  form  of  internally  fired  boiler 
with  boiler  tubes  of  the  usual  diameter,  affording  a  greater  heating  surface  and  gener- 
ally a  higher  efficiency.  At  the  same  time  the  requisite  power  may  be  developed 
by  the  internally  fired  boiler  with  fewer  imits  and  corresp<«dingly  less  weight  and 
occupying  smaller  space.  Wherever  made  desirable  by  the  kind  of  feed  water  in 
use— and  this  means  practically  everywhere  upon  our  nontidal  rivers-— settling  tanka 
should  be  installed  and  of  course  feed-water  heaters,  economizers,  and  superheatefs 
should  be  employed.  Occasionally  automatic  stokers  may  be  used  to  advantage. 
In  fact,  there  are  few  auxiliaries  and  improvements  employed  in  the  most  improved 
steam  installations  on  land  which  may  not  to  advantage  be  considered  in  planning 
the  steam  plant  of  a  river  towboat. 

The  engine  at  present  conmionly  employed  upon  our  nontidal  rivers  is  the  long 
stroke,  small  diameter,  simple,  noncondensing  engine.  Recently,  however,  boats 
have  been  built  with  tandem  and  with  cross-compound  condensing  engines.  Effort 
at  improvement  of  this  engine  is  apparently  limited  to  the  employment  of  higher 
grade  materials  and  better  details,  such  as  would  allow  the  use  of  higher  steam  pres- 
sures and  of  superheated  steam.  Should  the  stem  wheel  be  of  feathering  t3rpe,  the 
shorter  stroke  and  higher  revolutions  of  this  wheel  will  result  in  a  better  proportioned 
and  more  economical  engine.  In  the  latest  tunnel-screw  towboats  the  triple  or  quad- 
ruple expansion  condensing  engine  with  water-tube  boilers  and  other  improved 
appliances  are  in  use,  giving  efficient  service.  Boats  of  this  t3rpe  are  also  well  adapted 
to  the  use  of  some  dependable  form  of  internal  combustion  engine  and  in  regions 
where  coal  is  expensive  or  the  service  is  intermittent  the  use  of  such  engines  may  be 
desirable,  although  at  present  mechanical  difficulties  are  encountered  where  frequ^it 
stoppages  and  reversals  of  these  engines  are  necessary.  The  character  of  the  service 
which  will  be  required  of  the  engines  must  be  well  known,  that  the  manufacturer  may 
regulate  the  details  of  the  design  accordingly.  Self-propelled  bazges  equipped  with 
internal-combustion  engines  operated  on  producer  gas  are  at  present  in  use  in  the 
southern  part  of  the  United  States,  and,  after  nearly  two  years  of  operation,  but  few 
difficulties  connected  with  their  power  plants  have  been  reported. 

An  example  of  a  recent  design  in  which  the  tests  and  suggestions  herein  discussed 
have  been  given  careful  consideration  is  afforded  by  a  group  of  four  stem-wheel  boats 
recently  built  by  the  United  States  engineer  office  at  Hock  Island,  III.,  for  use  on  the 
upper  Mississippi  River. 

One  of  these  boats,  the  Le  Clairey  has  been  subjected  to  some  of  the  customary  tests, 
which  are  shown  in  the  following  table.  It  will  be  noted  that,  for  the  type  of  boat 
under  consideration,  the  economy  and  the  boiler  efficiency  are  excellent. 

Towboat  ''Le  Claire.'' 


Canditioos. 


Aag.  24, 
oonnQiis* 


Aug.  25, 
non- 

coDdeiis- 
Ing. 


Aug.  26, 
condens- 
ing, fuU 
stroke. 


Auk.  27, 

heater 
out 


Aug.  28, 

feed 
heaters 

out 


Aus.30, 

oonoens* 

Ing. 


Avenge  steam  pressure 

Temperature  oifeed  water  In  well 

Temperature   of   feed    leaving   primary 

heater 

Temperature  of  feed  leaving  secondary 

heater 

Temperature  of  feed  entering  settling 

taidc 


201.0 
76.5 

125.6 

212.5 

335.2 


194.4 
74.0 

75.5 

141.7 

290.6 


188.8 
74.0 

142.0 

212.5 

310.4 


106.7 
73.4 

126.0 

210.2 

328.5 


182.7 
72.0 

78.0 

74,0 

260.0 


106.0 
68.3 

137.8 

205.0 

303.0 
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Towhoat  ''Le  Ctetr«*'— Continued. 


CoflditloDS. 


Au£.a4, 

001106119- 

ing. 


Aug.  25, 
noif- 

oondens- 
Ing. 


AU|.26, 
conaens- 
lng,fiill 
stroke. 


Aug.  27, 

beAter 
out 


feed 

heaters 

out. 


Anff.ao, 

oonaens- 

lug. 


Weight  of  coal  as  fired 

Dry  coal  consumed  per  hour 

Dry  coal,  per  square  foot  of  grate  surface, 

per  hour 

Total  weight  of  water  fed  to  boiler 

Equivalent  evaporatidn  per  hour  ftom 

and  at  212*  F 

Horsepower  developed , 

Per  cent  of  builder's  rated  horsepower 

(175)  dev 

Equivalent  evapocatioii  trotn.  and  at  212* 

per  pound  of  dry  coal , 

Efndency  of  boiler 

Efficiency,  including  grate 

Average  cut-off 

Ratio  of  expansion 

Actual  speed  of  advance 

Revolutions  per  minute 

Indicated  horsepower 

Slip,  in  per  cent 

Steam,   per   indicated   horsepower   per 

hour  (engines  alone) 

Dry  cml  per  indicated  horsepower  per 

hour  (engines  alone) 

Dry  coal  per  indicated  horsepower  per 

hour,  Incaudfaig  auxiliaries 


7,937.0 
727.0 

22.0 
68,977.0 

6,151.3 
178.3 

102.0 

8.47 
60.0 
66.6 
70.65 
6.06 
4.63 
13.0 
150.39 
50.1 

32.7 

4.84 

4.03 


8,ooao 

732.6 

22.2 
56.871.0 

6,352.5 
184.1 

105.0 

8.60 
71.7 
68.2 
75.55 
5.43 
4.75 
12.18 
158. 2 
45.3 

33.7 

4.64 

4.34 


6,000.0 
1,099.0 

33.  S 
45,072.0 

9,402.0 
272.5 

156.0 

8.55 

70.9 

67.1 

100.0 

4.0 

5.27 

14.7 

195.08 

52.1 

39.4 

5.64 

4.80 


8,412.0 
763.4 

23.1 

58,828.0 

• 

6,159.3 
178.5 

102.0 

&08 
68.3 
63.6 
79.0 
5.25 
4.56 
12.03 
156.0 
46.9 

305 

4.89 

3.96 


7,ooao 

1,058.0 

19.3 
42,213.0 

8,351.0 
242.0 

138.0 

7.80 

63,7 

62.1 

78.9 

5.30 

4.81 

13.27 

159.06 

49.3 

37.9 

6.65 

5.70 


9,000.0 
816.8 

24.8 
67,400.0 

7, 09a  5 
205.5 

117.0 

8.58 
70.0 
67.6 
73.00 
5.47 
4.74 
12.64 
15^74 
47.5 

37.5 

5.35 

4.58 


The  particular  features  in  which  these  towboats  represent  departures  from  former 
practice  are  the  absence  of  guards,  the  use  of  an  improved  boiler  with  modem  {m^ 
heating  appliances,  the  use  of  compound  condensing  engines  of  economical  design, 
and  of  a  light  feed  pimip  in  place  of  the  cumbersome  "doctor"  of  former  days;  the 
arrangement  of  the  cabin  and  pilot  house  so  as  to  permit  the  pilot  to  control  operations 
on  the  main  deck;  the  combination  of  the  two  stacks  into  a  single  one  aft  in  place  of 
before  the  pilot  house,  and  the  scientific  design  of  the  wheel  to  correspond  to  the 
duty  required  of  the  boats.  Due  to  the  peculiar  service  upon  which  these  boats  are 
engaged,  the  feathering  wheel  would  have  been  frequently  liable  to  injury,  and  the 
radial  wheel  was  necessarily  employed. 

These  boats  have  been  in  service  less  than  one  season,  and  it  is  somewhat  early  to 
speak  too  positively  concerning  their  performance. 

All  that  precedes  is  conditioned  upon  the  desirability  of  employing  towboats  and 
baiges.  There  may  be  situations  where  it  is  possible  to  secure  freight  regularly  in 
large  quantities  at  one  terminus  and  to  unload  it  promptly  at  the  other,  and  in  these 
conditions  the  self-propelled  barge,  operated  without  a  tow,  may  merit  serious  con- 
sideration. 

There  is  now  in  actual  service  on  one  of  our  southern  rivers  a  fleet  of  six  such  barges, 
which  are  engaged  in  carrying  coal  between  termini  550  miles  apart.  These  baiges 
are  built  of  steel  and  carry  their  loads  of  800  to  1,000  tons  on  deck.  They  are  equipped 
with  twin  screws,  operated  by  internal-combustion  engines,  fed  with  producer  gas. 
As  yet  these  barges  have  not  been  sufficiently  long  in  regular  service  to  justify  positive 
conclusions;  but  recently  they  have  been  employed  under  contract  in  carrying  coal 
for  a  large  and  prosperous  mining  corporation,  and  under  the  existing  favorable  con- 
ditions data  of  trustworthy  character  should  soon  become  available.  So  far  as  is 
known  these  self-propelled  barges  are  economical,  their  power  plant  is  dependable, 
and  they  are  well  adapted  to  river  navigation.  The  choice  of  the  most  economical 
t3rpe  of  carrier  would  seem  to  lie  between  self-propelled  baiges  and  towboats  equipped 
with  twin  or  triple  screws  in  tunnel  pushing  loaded  baiges.  Where  much  drift  is 
encountered,  screws  are  liable  to  frequent  damage,  and  then  the  stem-wheel  boat 
may  be  preferable.  Actual  conditions  should  be  carefully  studied  and  due  weight 
given  to  all  factors  before  choice  is  made. 
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SESSION  OF  SUBSECTION  1  OF  SECTION  Y. 

Raleigh  Hotel, 
Tuesday  morning j  January  4?  1916. 

Chairman,  E.  L.  Cobthell. 

The  session  was  called  to  order  at  9.30  o'clock  by  the  chairman. 

Papers  presented: 

Trabajos  hidrogr&ficos  en  el  R!o  de  la  Plata,  by  Agustfn  Mercau . 

Obras  de  desagtie  de  la  regi6n  sur  de  la  provincia  de  Buenos  Aires, 
by  Agustln  Mercau. 

Harbor  and  port  terminal  facilities  and  works,  by  H.  McL. 
Harding. 

Employment  and  behavior  of  concrete  and  reinforced  concrete  in 
fresh  and  saline  waters  and  under  servitude  of  waves  in  exposed 
positions,  by  Chandler  Davis. 

TRABAJOS  HIDROGRlnCOS  EN  EL  RiO  DE  LA  PLATA.    NUEYOS 

APARATOSL 

Por  AGUSTlN  MERCAU, 

Vice-dccano  de  la  Facultad  de  Ciencias  Exactos,  Fisicas  y  Natwrales  de  la  Universidad 

Nadonal  de  Buenos  Aires,  Argentina. 

En  la  primera  parte  de  esta  expodcMn  me  propongo  hacer  una  breve  afntesis  de  loe 
trabajos  hldrogr&ficos  realizados  en  el  Rk>  de  la  Plata  par  el  gobiemo  de  mi  pais;  en 
la  segunda,  presentar  tree  nuevos  aparatos  ideados  por  ml  y  utilisadoe  en  esa  clase  de 
trabajos. 

El  estudio  sistem^tico  del  Rfo  de  la  Plata  fu6  emprendido  conjuntamente  con  el  de 
BUS  dos  grandes  afluentes  el  Paran4  y  el  Uruguay,  en  1891  por  el  Ministerio  de  Obras 
Pdblicas  de  la  Reptiblica  Argentina  para  servir,  no  861o  a  la  nav^aci6n  sino  tambi^n 
de  base  a  los  grandee  trabajos  portuarios  y  de  canalizacl6n  que  se  ten  (an  en  vista  y  se 
vienen  realizando  deede  esa  6poca.  El  Ministerio  de  Marina  ha  co-participado  en  los 
mismos  esnpcialmente  en  cuanto  corresponde  a  los  fines  prop  los  de  su  ramo  y  a  la  con- 
fecci6n  de  la  carta  de  navegacidn  del  Rfo  de  la  Plata. 

Por  su  caudal  el  Rfo  de  la  Plata  ocupa  el  tercer  lugar  entre  los  grandes  rfos  del  mundo; 
el  primero  y  el  segundo  corresponden  a  los  dos  grandes  rfos  ecuatoriales,  el  Amazonas 
y  el  Congo. 

La  superficie  de  su  cuenca  es  de  4,000,000  de  kil6metros  cuadrados,  mayor  que  la 
del  Misisipf,  y  mds  de  trece  voces  mds  grande  que  la  superficie  total  de  Italia.  Para 
dar  una  idea  del  caudal  del  Rfo  de  la  Plata  basta  recordar  que  su  afluente  principal, 
el  Parand,  conducfa  frente  al  puerto  de  Rosario,  durante  la  inundaci6n  de  1905, 
60,000  metros  ctibicos  de  agua  por  segundo,  segdn  aforo  del  Ingeniero  Lange  y  que,  el 
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ITnigiiay ,  ai  otro  afliiento  principal,  con  6  metros  de  altura  de  crecifinte  en  OoDcepci6n 
(pmede  alcanxar  rancho  miSs)y  vierte  vois  de  20fiQ0  metroB  cdbicoe  por  flegundo.  Sufi 
crecientes  en  general  no  coinciden. 

£1  Rio  de  la  Plata  ae  ha  dividido  para  ea  eotudio  en  tree  grandes  seocionet:  Rio  de 
la  Plata  Superior,  Medio  e  Inferior. 

La  primera  etbi  comprendida  entre  el  Delta  del  Panuai  y  la  Unea  de  La  Platar 
Colonia;  el  ancho  del  rfo  en  eea  parte  es  de  50  kildmetros.  La  segunda  entre  esta  y 
la  Ifnea  Pnnta  Piedras-Montevidae,  la  tercera  eatoe  eeta  y  la  linea  Oabo  San  Antonio- 
Oabo  Santa  Maria;  el  aache  es  de  180  kiMmetrag. 

La  supeifieie  total  de  eeas  tree  secciobes  es  de  34,000  kil6nietro8  cuadradoi. 

Deade  la  iniciaci6n  misma  de  eioe  eetndioe  pudieron  sentuae  aofl  benefidof  para  la 
navegaci6n. 

Y  a  esto  rMpeeto,  pemitaseme  una  breve  digreaion,  porque  dla  rectifica,  ccono 
pttBuM  Kaeerlo,  laa  afinnacioaee  ernSneaa  hecbaa  por  el  capita  de  inigata,  Sefior 
Franciieo  P.  Miranda,  en  au  trabajo  aobre  ''£1  fistuario  del  Plata, "  lefdo  en  una  de 
la  sesiones  de  esta  misma  secci6n  de  nueatro  eongreao  y  en  el  eual  atribuye  el  diagado 
del  '^Oanal  Nuevo"  a  rasonee  de  orden  internacional. 

I^rva  ella  tambi^  pua  reetificar  la  conclum6n  a  que  aniba  eu  autor,  en  eae  mismo 
trabajo,  aobre  el  verdadero  tal'w^  del  Rio  de  la  Plata  en  las  oercanfas  de  la  lala  de 
Martfn  Garcia,  porque,  dejando  de  lado  los  motivos  de  orden  internacional  que  puedan 
hacer  preferible  una  u  otra  ni:ta,  t^cnicamente,  tal  aHiclufli6n  es  absolutammite 
inaxacta. 

Los  primeros  trabajos  y  reconocimientos  eleetuados  bicieron  ver  deede  luego  que 
la  ruta  seguida  hasta  entonces,  1891,  en  la  navegaci6n  por  el  Rio  de  la  Plata  Superior 
«ra  ttT6nea.  Se  efectuaba  esta,  en  eea  lecha,  por  el  canal  BueiuM  Aires  y  Barn  del 
Globo  que  sdlo  tenia  11  pies  y  algunas  pulgadas  de  profundidad  y  dejaba  en  cambio 
al  lado  y  pr6xima  la  Costa  Oriental  el  verdad^n  talweg  del  do;  en  efecto  los  primeros 
riecenodmieiitos  permitieion  eeiaprobar  la  existenda  de  un  nuevo  canal  mis  pro- 
fnado  que  aquella  y  que  se  de8ign6  por  esa  misma  ras6n,  con  el  nombre  de  Canal 
Nuevo  que  conserva  basta  aqul.  £ste  canal  t^ila  entonces  cerca  de  16  pies  de  pro- 
fundidad al  cero  y  por  lo  tanto  5  pies  m^  que  la  barra  antes  citada.  £1  Gobiemo 
Argentino  bizo  balizar  esa  nueva  ruta  y  la  entreg6  a  la  navegaci^n  en  1892. 

Poco  tiempo  despu^,  pudo  comi»obarBe  que  ese  canal  segula  un  proceso  comthi 
a  mucbos  de  los  canales  naturales  del  Rio  de  la  Plata;  se  profundiaaba  por  si  solo. 
De  este  modo  y  sin  duda  debido  tambi^n  al  paso  de  los  barcos  y  al  trabajo  de  las 
helices,  el  canal  lleg6  a  tener  m4i  de  20  pies  de  prc^undidad  en  1900  a  1001. 

Fu6  en  esta  ^poca,  es  decir,  echo  afios  deepu^  de  haberio  balizade  y  entregado  a 
la  navegaddn,  que  el  Gobiemo  Argentino  decidi6  reetificar  la  entrada  o  boca  supe- 
rior del  canal  mediante  un  pequefio  dragado.  S^  deq>u^  y  en  afios  sucesivos  se 
ban  mejorado,  por  igual  medio  y  por  el  Gobiemo  de  mi  pais,  sua  condiciones  de 
navegabilidad  hasta  darle  la  prohmdidad  actual. 

£sos  hecbos,  me  conq>iace  recordarlo,  son  periectamente  eonoeides  de  nuestro 
enunente  Presidente  Doctor  GorUiell  por  haber  side  Uaaaado  a  mi  pais  justamente 
en  eaa  6poca  ccnno  ingeniero  consultor  del  Gobiemo  Argentino  para  asescHrarie  sobre 
las  grandes  obras  faidrilulicas  y  portuarias  entonces  en  ettudio. 

Y  podrfa  agregar  aun  en  ese  orden  de  ideas,  que  no  ha  side  nunca  la  intenci6a 
argentina,  ni  de  nadie,  la  de  modificar  en  forma  alguna  la  aituaci6n  dJtl  talweg  del 
do,  cuando  yo  mismo  he  propuesto  como  un  medio  de  aseguiar  bajo  bases  estafoles 
la  navegaddn  del  Rio  de  la  Rata  Sui>erior,  la  construoea^  de  un  canal  justamente 
al  lado  mismo  de  la  costa  argentina  aiguiendo  la  traza  del  Canal  de  las  Palmas  y  de 
los  Poios  del  Baica  Grande  oon  aoceao  dizecto  al  Paran&  de  las  Palmas  y  al  Uruguay, 
evitando  as(  la  rata  por  el  lado  oriental  del  rio. 

Los  estudios  realizados  en  el  Rio  de  la  i^ata  ban  tenido  en  vista  im  fin  cientlfico 
y  pr^tico  muy  distinto:  el  conocimiento  del  regimen  de  ese  inmenso  rlo,  de  su  estua- 
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no  y  de  bus  tributarios  y,  como  antes  lo  hemoe  dicho,  la  Boluci6n  de  loa  importantes 
problemas  que  imponfa  la  navegaddn  y  la  ejecuci6n  de  las  grandes  obras  portuaxias 
y  de  canalizaci6n  a  efectuar. 

Esos  estudios  y  trabajos  ban  permitido  fijar  de  unamanera  positivalascondicioneB 
necesarias  para  el  trazado  de  canales  en  esos  inmensos  rlos  segtin  la  naturaleza  de  sos 
lecbos  y  los  medios  m^  adecuados  y  eficaces  jMura  el  dragado  y  c<MiBervacidn  de  lo8 
mismos. 

A  esos  estudios  ba  servido  de  base  una  extensa  triangulacidn  de  piimer  oiden, 
prolijos  levantamientos  bidrogr^cos  completados  por  una  laiga  serie  de  estudios  7 
observadones  de  otro  orden:  de  marea,  vientoe,  conientes  y  velocidades  como  modi- 
ficadores  del  regimen  del  rfo;  geol<5gico8  para  detenninar  la  naturaleza  dd  lecbo  del 
rfo  y  BUS  bancos,  la  calidad,  tamafio  y  propoici6n  de  las  materias  Uevadas  en  su*- 
pensidn  y  por  anrastre  de  fondo  por  bus  aguas,  de  caudales,  tanto  propios  como  de 
mareas,  observadones  meteorol<5gicas,  etc.,  y  una  extensa  red  de  m^  de  5,000  kiI6- 
metros  de  niveladdn  de  preci8i6n,  que  ba  permitido  trazar  los  ejes  bididulicoe  del 
Plata,  Parand  y  Uruguay  en  toda  su  extension. 

Eb  a  favor  de  esa  labor  efectiva  y  cientffica  que  el  puerto  de  Buenos  Aires,  el  e^ 
prindpal  del  comerdo  exterior  de  nuestro  pais,  ba  podido  desarroUaise  con  sorprra^ 
dente  rapidez  y  alcanzar  en  breve  tiempo  una  elevada  situad6n  entre  los  mis  grandes 
puertos  del  mundo.^ 

Su  acceso  estd  boy  asegurado  a  30  pies  de  profundidad  mediante  el  dragado  del 
Canal  Norte  y,  desde  el  oc^ano  por  el  dragado  de  la  Banra  de  Punta  del  Indio,  primer 
obst^ulo  natural  que  dificultaba  la  navegad6n  del  Rfo  de  la  Plata. 

A  trav^  de  esa  barra  se  excava  un  canal  de  80  kil6metros  de  laigo,  a  la  fecba  caai 
totalmente  terminado.  En  la  actualidad  permite  ya  el  paso  de  barcos  de  28  pies  de 
calado  (en  1906  tenfa  22  pies  de  profundidad).  £s  asf  como  el  Almirante  Martfn, 
aquf  presente,  pudo  atravesar  ese  canal  al  mando  de  la  escuadra  argentina  algunos 
de  cuyos  barcos  calaban  27  pies  y  uno  de  los  grandes  dreadnougbts  construkios  en 
este  pais,  el  Bivadavia,  de  30,000  toneladas  de  desplazamiento  y  28  pies  de  calado, 
ha  podido  atracar  en  los  mueUes  de  Dirsena  Norte  del  puerto  de  Buenos  Aires. 

£1  canal  estd  boy  balizado,  en  toda  bu  extensidn  por  boyas  luminosas  a  destellos,  cdo- 
cadas  por  pares  cada  5  ldl6metios. 

El  dragado  se  ba  becbo  en  Iob  fondos  ardllosos  y  blandos  que  constituyen  el  lecbo 
del  canal  por  sucd6n  y  trasladdn,  utilizando  cuatro  dragas  portadoras  (dragas  209, 
210, 211  y  212  C),  cuyp  rendimiento  de  prueba  ba  alcanzado  en  algunas  a  11,300  metios 
ctibicos  por  bora.    Se  ban  excavado  asf  m^  de  35,000,000  de  metros  ctibicos.' 

Con  tres  de  esas  dragas  y  manteniendo  la  cuarta  en  reserva,  la  c^>addad  de  dragado 
por  afio  se  estima  en  15,000,000  de  metros  cdbicos.  £1  costo  del  dragado  varia  entre  4 
y  6  centavos  moneda  nadonal  argentina  (1)  a  2  centavos  orp  americano)  por  metro 
ctibico.  en  fondos  blandos,  y  en  los  duros  o  gredosos  tres  voces  mia. 

El  6xito  obtenido  en  esas  obras  y  en  las  de  pn>fundizad6n  del  canal  de  entrada  al 
puerto  de  Buenos  Aires  (Canal  Nort^)  excavado  actualmente  en  toda  su  extensi6i  a 
m&a  de  30  pies,  y  la  experienda  adquirida  basta  aquf  ban  llevado  el  convencimiento  a 
nuestros  ingenieios  y  nuestro  gobiemo  de  la  poeibilidad  t^cnica  y  econ6mica  de  U^gar 
a  la  profundidad  de  30  pies  a  baja  marea  para  el  acceso  desde  d  oc6ano  al  puerto  de 
Buenos  Aires,  y  es  probable  esa  aspiraddn  que  en  otro  tiempo  pudo  parecer  un  suefio 
se  trasforme  en  una  realidad  cuando  las  grandes  obras  de  ensanche  dd  puerto,  actual- 
mente en  plena  ejecud6n,  se  bayan  terminado. 

Por  otra  parte  una  evolud6n  semejante  se  ba  operado  en  las  ccmdidones  de  navpga- 
bilidad  del  resto  dd  estuario  y  de  bus  dos  grandes  afluentes,  el  Parand  y  d  Uruguay. 
Hoy  un  barco  dispone  en  ellos  de  una  ruta  segura  constantemente  vigilada,  con  un 
admirable  sistema  de  balizamiento  luminoso,  uno  de  los  mejores  y  m^  c<mq>l6tos  del 

1  El  oomerdo  exterior  argentino  ezoede  de  1,000,000,000  de  ddlaree  (afio  1916). 
s  El  tonelaje  total  de  los  puertoe  argentinos  pasa  de  60,000,000  actualmente. 
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mundo,  que  le  penniten  reconrer  millaree  de  kil6metro6  e  intemaroe  hasta  los  confines 
de  nueetro  extenso  tenitorio. 

Centenaree  de  boyafl  luminosas  aefialan  el  camino  y  ello  ha  peimitido  en  cierto  modo 
duplicar  la  capacidad  de  nueetras  vlafl  navegables. 

Ahora  bien,  y  para  tenninar  esta  breve  exposici6n  deseo  proponer  a  eeta  seccidn, 
una  reeoluci6n  que  creo  de  interne  para  la  hidrdulica  fluvial,  la  navegaddn  y  el  co- 
mercio  mismo  de  los  paises  americanos  aqul  representados. 

Salvo  los  admirables  trabajos  reaUzados  en  el  Misisipf  y  bus  afluentes  por  el  Gobiemo 
de  los  Estados  Unidos,  la  hidr&ulica  de  los  grandes  rfos  americanos  ee  x)oco  conodLda  o 
casi  desconodda.  Los  estudios  realizados  en  el  Plata,  Parand  y  Uruguay  colocan,  en 
verdad,  esos  rfos  entre  los  mejor  estudiados  del  mundo,  pero  son  poco  conocidos  y  en 
gran  parte  permanecen  in^ditos.  Lo  mismo  sucede  con  los  grandes  rfos  ecuatoriales, 
con  el  coloso  de  America,  el  Amazonas,  el  m^  grande  de  los  rfos  del  mundo. 

La  bibliograffa  es  escasa,  poco  difundida  y  en  general  se  reduce  a  simples  monogra- 
ffas  o  trabajos  aislados. 

Es  por  esto  y  en  el  inters  de  los  altos  fines  sefialados  antes,  que  me  permito  proponer 
a  siguiente  re8oluci6n: 

El  Segundo  Oongreso  Gientffico  Panamericano  recomienda  a  los  gobiemos  de  los  dif- 
erentes  pafises  representados  en  ^  la  publicacidn  y  prosecucidn  de  los  estudios  y  traba* 
jos  relatives  a  los  grandes  rfos  y  estuaries  americanos. 

Pasar^  ahora  a  ocupanne  de  la  segunda  parte  de  este  trabajo: 

IL 

Durante  la  ejecuci6n  de  los  importantes  trabajos  hidrogrificos  a  que  acabo  de  re- 
ferirme  y  en  los  que  me  ha  tocado  intervenir  como  Jefe  de  la  ComiBi6n  de  Estudios  del 
Rfo  de  la  Plata,  he  procurado  introducir  algunas  mejoras  en  los  procedimientos  comu- 
nes  de  levantamientos  hidrogrificos,  entre  los  cuales  me  permito  resefiar  en  esta  breve 
memoria  algunoe  antecedentes  relatives  a  la  aplicaci6n  de  tres  aparatos  inventados 
por  mi  y  que  creo  pueden  ser  de  alguna  utilidad  en  trabajos  anilogos  a  los  realizados 
en  mi  pafs. 

El  primero,  denominado  ''perfil6grafo,"  eetk  destinado  a  dar  y  registrar  medmi- 
camente  un  perfil  continue  del  fondo  del  lecho  de  un  curso  de  agua. 

El  segundo,  denominado  ''autoplanfgrafo,"  estd  destinado  a  registrar  automiti- 
camente  el  camino  recorrido  por  una  embarcaci6n. 

El  tercero  es  un  hidr6metro  registrador,  destinado  a  focilitar  las  observaciones  de 
marea  en  puntos  aislados  de  las  costas.  E^te  aparato  est4  dispuesto  tambi^n  de  modo 
que  puede  ser  utilizado  como  perfil6grafo,  especialmente  en  el  case  de  grandes  pro- 
fundidades. 

De  cada  uno  de  ellos  har6  una  breve  descripcidn: 

I.  PerfiixSqrafo  Reoistbadob. 

Son  bien  conoddas,  por  lo  que  creo  innecesario  enumerarlas  aquf,  las  mdltiples 
causas  de  error  que  afectan  la  exactitud  de  los  levantamientos  hidrogr&ficos  ejecu« 
tados  a  base  de  escandallo,  perchas,  etc.,  asf  como  la  lentitud  con  que  deben  forzo- 
samente  efectuarse  si  se  quiere  obtener  resultados  de  la  predsidn  necesaria,  no  s61o 
para  satisfacer  las  exigencias  de  la  navegaci6n,  sine  tambi6n  x>ara  la  ejecuci6n  de  obras 
de  puerto,  canalizaci6n,  regularizaci6n,  etc.,  que  supone  el  perfecto  conocimiento 
del  lecho. 

Procurando  eliminar  esas  causas  de  error,  me  propose  constniir  un  aparato  que  mecA- 
nicamente  pudiera  trazar  el  perfil  del-  lecho  de  un  curso  de  agua  con  mayor  exactitud 
que  la  que  se  obtiene  con  los  m^todos  comunes  de  sondaje,  con  mayor  rapidez  y  cuyo 
foncionamiento  no  fuese  influenciado  o  perturbado  por  las  oscilaciones  del  agua, 
pudiendo  asf  utilizarse  aun  cuando  existiese  marejada,  aumentando  con  ello  la  capa- 
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ddad  de  trabajo,  que,  con  los  procedimientos  comunes,  resulta  conaiderablemente 
diflminuida  por  eek  causa,  sobre  todo  si  se  opera  en  coetaa  deaabngadas  o  en  grandee 
rioB  Y  eetuarioe.i 

Por  otra  parte,  el  perfil  debia  eer  continuo,  ee  decir,  registrar  por  una  linea  sin  iiit*- 
rrupcidn  todas  laa  ainuoflidadeB  dd  f  ondo  y  no  como  micede  con  los  m^todos  comunes, 
por  puntoB  aislados,  lo  que,  como  ee  sabido,  constituye  un  grave  inconveniente  en  el 
case  de  canales  estrechos  o  de  fondo  muy  irre^gular. 

Por  lo  demis,  el  aparato  debla  permitir  reducix  el  personal  de  trabajo  a  un  mfnimiim 
y  ser  de  ^cil  manejo  al  alcance  de  operadores  poco  expertos. 

Despu^  de  algunos  ensayos  y  construido  el  piinier  modelo,  he  ido  introdudendo 
69  €1  n^joras  que  me  ban  conducido  al  tipo  que  presento. 

£1  aparato  puede  utilizarse  como  bidnSmetro  o  maredgrafo,  o  como  perfil^igrafo,  es 
decir,  para  trazar  el  perfil  del  lecho  de  un  rlo,  lago,  etc.  Es  a  este  tUtixao  case  al  que 
eq)ecialmente  voy  a  referinne  y  al  que  corresponden  las  fotpgraUas  adjuntas.  (Figa« 
ly2.) 

Para  utilizar  el  aparato  en  esta  forma,  debe  ser  conduddo  por  una  embarcaddn  e 
instalado  a  popa  de  la  misma  en  su  piano  de  simetrla. 

iias  indicaciones  de  profundidad  se  obtienen  registrando  a  una  escala  detenninada, 
^bre  una  banda  de  papel  los  aenos  de  los  ingulos  que  una  bana  m6vil  alrededor  de 
un  eje  horizontal  describe,  guiada  por  un  delgadoalambre  de  acero,  de  longitud  cons- 
tante,  fuertemente  tendido  a  favor  de  un  peso  que  apoya  constantemente  sobre  el 
lecho  y  es  arrastrado  al  moverse  la  embarcaci6n. 

£1  alambre  se  substituye  por  una  simple  barra  rfgida  de  longitud  mayor  que  la 
anterior,  cuando  se  usa  el  aparato  como  mare6grafo,  o  cuando  se  opera  en  pequefias 
profundidades,  caso  de  pequefios  cursos  de  agua,  riachuelos,  etc.  En  el  primero  de 
estos  cases  el  aparato  es  fijo  y  a  la  extremidad  libre  de  la  barra  se  aplica  un  flotador 
y  en  el  segundo  se  le  hace  deslizar  sobre  reglas  horizontales. 

Debido  a  las  variaciones  de  nivel  del  agua  o  a  las  desigualdades  del  fondo,  la  barra 
describe,  con  respecto  a  la  horizontal,  ^mgulos  variables,  cuyos  senos  son  precisamente 
las  costas  de  la  superficie  o  del  iondo  segthi  el  caso,  referidas  al  piano  horizontal  que 
pasa  por  el  eje  de  rotaci6n  de  la  barra. 

En  todos  los  cases  la  barra  (designada  en  las  fotograffas  adjuntas  por  la  letra  M)  se 
articula  mediante  una  sencilla  dispo6ici6n  a  otra  barra  m^  corta  M^  N''  (fig.  1  y  2) 
que  lleva  en  su  extremo  libre  una  gula  curva  O  de  ecuaci6n  determinada'  y  tal  que 
actuando  sobre  un  14piz  P  m6vil  a  favor  de  una  pequefia  colisa  que  se  deeliza  guiada 
por  los  montantes  QQ''  y  RR'',  transforma  el  movimiento  angular  de  la  barra  en  otro 
rectilfneo  de  amplitud  proporcional  a  los  senos  de  los  &ngulos  descritos  por  la  barra 
o  sea  en  las  cotas  de  fondo  o  de  nivel  antes  mencionadas. 

El  Idpiz  P  a  su  vez  actda  sobre  banda  de  papel  que  pasa  constantemente  por  delante 
de  un  montante  piano  S,  la  cual  es  puesta  en  movimiento  por  un  mecanismo  de  relo- 
jerfa  contenido  en  la  caja  U  que  la  hace  pasar  del  tambor  T  al  'F. 

El  Upiz  traza  de  esta  manera  una  linea  continua  que  representa,  segdn  el  caso,  el 
perfil  del  fondo  del  curso  de  agua  o  las  oecUaciimes  del  nivel  de  la  superficie. 

La  escala  vertical  del  diagrama  asf  obtenido  depende  de  la  relacidn  entre  la  dis* 
tancia  del  punto  de  aplicaci<Sn  del  peso  (o  del  flotador  en  su  caso)  el  eje  K  y  la  lou^tad 
M^  N^,  largo  de  la  barra  m^  corta. 

1  Mi  anteeeeor  en  los  atodios  del  Rio  de  la  Plata  se  ha  ytsto  obligado  a  pennanecer  mAa  de  an  mes  e& 
espera  de  baen  tiempo  para  ejeoutar  on  perfil  de  pocos  Idldmetros  de  longitud  cerca  del  puerto  de  La  Plata 
y  wAa  de  dos  meses  para  el  levantamiento  del  Canal  Nuevo  de  Martin  Oaroia.  El  ingeniero  Jort  De> 
banedetti.  al  Mrvid*  del  utn<«ijiriA  de  ObrM  PtkhUcas,  ba  raaUsado  an  dos  diss  al  levantanitopto  de  cm 
oanal  otUliando  on  perfii^grafe  y  e|ecotando  2fi0  periUes  transvenate. 

'  La  ecuad^  de  esta  curva,  en  ooordenadas  polares  Uamando  p  el  radio  yeotor,  ft  la  anomonia  7  a  el  ingnlo 
mizimo  para  el  coal  se  trasa  la  curva,  es  la  siguiente: 

p— r  008  ^— r  003  a 
flkodo  r  la  lom^tod  de  la  bana  M' N\ 
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Si  06  trata  de  un  perfil,  la  eecala  horizontal  se  deduce  con  fadlidad,  eetableciendo 
la  relaci6n  entre  la  loogitud  de  papel  comprendida  entre  dos  sefiales  o  tops  sacesivos 
y  la  dintancia  recorrida  x>or  la  embarcacl^n.  Esto  sapone  como  se  comprende,  que 
tanto  la  velocidad  del  papel  como  la  de  la  einbarcaci6n,  sean  constantes,  lo  que  se 
•btiene  con  focilidad  en  la  pi^tica.  £1  mecaniamo  de  relojoria  e0t&  provlsto  de 
dupositiYos  que  ase^uian  la  uniformidad  de  8U  maicha,  pudiendo  remontane  en 
■larcha  la  cuerda,  cuando  au  en^gfa  diaminuye,  lo  que  ae  acuaa  por  contactos  el^ 
tricoB  que  accionan  una  pequefia  campaniHa. 

Para  tener  una  linea  de  referencia  para  la  del  diagrama  ae  ha  colocado  en  uno  de  loa 
■kontantee  verticales  otro  Upix  fijo  V  que  traza  una  recta  horizontal  en  el  papel  a  la 
altura  o  poflici6n  que  ae  desee. 

Un  numerador  automitico  permite  inacribir  en  ntimeros  aucedivoB  cada  top  o  punto 
importante  que  quiera  aefialarse  en  el  diagrama. 

Una  eecala  met6lica,  fija  aobre  el  montante  R  R  permite  efectuar  la  lectura  directa 
4e  las  profundidades  a  favcnr  de  un  Indice  de  que  e8t4  provista  la  coliaa  que  conduce 
al  Upiz  P. 

El  ^>arato  puede  girar  alrededor  del  eje  vertical  B  C  di8p08ici6n  que  pwmite  di- 
minar  el  efecto  de  la  deriva  de  la  embarcaci6n  con  req[>ecto  a  la  Ifnea  del  perfil  y  nire- 
kume  con  facilidad  a  favor  de  los  tomillos  calantee  D. 

El  alambre  F  se  une  al  peso  mediante  la  interpodcion  de  un  reaorte  de  acero  O  que 
permite  graduar  su  tenfli6n  hasta  el  Ifmite  que  ee  quiera,  loque  se  efectda  a  favor  de 
«n  cable  de  acero  H  de  mayor  seccidn  y  muy  resistente,  llamado  cable  de  seguridad, 
unido  tambi^n  al  peso  y  que  deepu^  de  pasar  por  la  polea  de  envfo  I  muy  pr6xima  a 
la  base  del  aparato,  puede  maniobrarse  mediante  el  pequefio  guinche  J. 

El  peso  est&  constitufdo  por  80  a  90  kilom^tros  de  cadena  usada,  de  malla  grande. 

Para  dar  el  alambre  la  longitud  y  tensi6n  que  se  desee,  longitud  de  la  que  depende 
la  escala  vertical  del  diagrama  como  ya  se  ha  dicho,  se  precede  de  la  siguiente  manera: 
A  favor  del  guinche  J  se  desarroUa  una  longitud  de  cable  tal  que  sumada  con  los 
dos  terceros  de  la  longitud  del  peso  de  arrastre,  sea  igual  a  la  que  corresponda  a  la 
escala  que  se  quiera  obtener  en  el  diagrama,  en  el  caso  general  15  metres  ^  reteniendo 
a  mano  el  alambre  de  acero  (de  longitud  aproximadamente  igual)  el  cual,  una  vez 
que  el  cable  de  s^;uridad  ha  side  completamente  desarrollado  y  medido  se  fija  me- 
diante un  tomillo  de  presi6n  al  pequefio  tambor  L  y  girando  la  manivela  m  se  le  da 
una  ligera  tensidn  hasta  conseguir  que  el  alambre  quede  en  Ifnea  recta;  despu^ 
actuando  siempre  sobre  la  misma  manivela  se  le  recoge  de  una  cierta  cantidad,  0.20 
metro,  p.  e.,  lo  que  produce  un  alaigamiento  igual  del  resorte  G,  alazgamlento  al  que 
corresponde  la  tensi6n  m&xima  del  alambre  a  que  quiera  somet^rsele;  para  0.20  metres 
de  alargamiento  la  tensi6n  es  de  70  kilogramos. 

En  virtud  de  esa  disposicidn  y  siendo  la  resistencia  al  arrastre  del  peso  mucho 
mayor,  el  alambre  queda  sometido  a  una  tensi6n  constante,  que  en  ningdn  caso  puede 
sobrepasar,  pues  el  excedente  es  soportado  por  el  cable  lo  que  impide  que  el  alambre 
se  rompa. 

1a  velocidad  absoluta  de  marcha  no  debe  pasar  de  2  metres  por  s^;undo,  para  evitar 
que  el  peso  sea  levantado  en  virtud  de  la  resistencia  del  agua  y  ^sta  miama  ejerza 
influencia  apredable  sobre  el  alambre  y  altere  por  tanto  las  indicadones  del  aparato. 
Esta  es  la  tinica  8ujeci6n,  que  por  lo  demto,  es  la  misma  a  que  est&n  sometidos  todos  los 
procediiQientos  comunes  de  sondaje. 

Para  dar  una  idea  de  los  resultados  que  pueden  obtenerse  con  este  aparato,  acomi>afio 

una  copia  (fig.  3)'  de  un  perfil  tomado  en  el  kilogramo  12,600  del  Canal  Norte  de  acceso 

al  Puerto  de  Buenos  Aires,  tal  como  sale  del  aparato.    El  perfil  fu6  levantado  inme 

diatamente  despu^  de  haber  trabajado  las  dragas  encargadas  de  la  conBervaci6n  del 

'  canal. 

>  En  cosro  caso  1*  esoala  resoltanto,  steodo  d«  OJO  m.  ]*  longltcid  oonstantt  WH'  «  d«:  1:60  o  ma  de  S 
■i.m.  por  pU  (pto  de  OM  m.). 
•Flgmomltida. 
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Con  igual  objeto  transcribo  a  contmuaci6n  parte  del  informe  del  Sr.  Capit&ii  de 
Navlo  Jo8^  Moneta,  jefe  de  la  Comieddn  Hidrogr^ca  de  la  Marina  Argentma,  encar- 
gado  del  levantamiento  del  Rio  de  la  Plata  Medio  e  Inferior. 

Esta  Comisi6n  ha  sondado  entre  Colonia  (R.  O.)  y  Sauce  (R.  O.)  140  millas  cuadiadas, 
habiendo  side  trazados  algunos  perfilee  con  una  marejada  de  amplitud  sefi&lada  de 
3  pies.  £1  procedimiento  seguido  al  sondar  ha  permitido  comiHrobar  la  bondad  del 
aparato,  encontrindoee  numeroeos  puntoe  en  que  se  cortaban  14  perfilee;  los  resultadoe 
obtenido6  con  el  perfil^grafo  han  ddo  mejores  que  los  hallados  con  la  sonda  con  la 
cual  se  contraloreaba  cada  10  minutes;  estando,  aquellos  siempre,  aun  tomando  sus 
mdximaw  diferendas,  dentro  del  Ifmite  exigido  para  esta  clase  de  trabajoe. 

II.   AUTOPLANfORAFO. 

Este  aparato  permite  obtener  a  una  escala  determinada  no  sdlo  la  traza  icnogrifica 
de  un  perfil,  sino  tambi^n,  en  un  orden  mis  general,  el  trazado  completo  del  camino 
recorrido  por  una  embarcacidn.    De  ahi  el  nombre  que  le  he  dado. 

El  aparato  consta  de  un  sistema  de  dos  ejes  horizontales  que  se  cortan  a  90**.  Uno 
de  ellos,  el  de  menor  longitud,  AB  (v^ase  fotografia  adjunta),  Ueva  doB  pequefias 
ruedas  de  igual  diimetro  que  pueden  girar  libremente,  una  a  cada  extreme  del  mismo, 
y  se  halla  dispuesto  de  mode  que  forma  a  su  vez  soporte  de  una  pequefia  i^taltMina 
Bobre  la  cual  se  coloca  una  brtijula  o  un  gir6scopo  el^ctrico. 

El  otro,  de  mayor  longitud,  CD,  Ueva  en  uno  de  sos  extremes  una  rueda  E  de  mayor 
di&metro,  dispuesta  igualmente  de  mode  que  puede  girar  Ubremente;  la  parte  restante 
del  mismo  estd  fileteada  a  tomillo  y  pasa  a  trav6s  de  dos  pequeilos  cojinetes  soportadoe 
por  el  eje  menor;  uno  de  ellos  le  sirve  al  mismo  tiempo  de  tuerca  a  favor  de  una  pequefia 
Umina  met&lica,  F,  provista  de  un  tomillo  de  [Nresidn,  I,  que  puede  haceree  engranar 
a  voluntad  con  aqu^l. 

Todo  el  aparato  va  dispuesto  sobre  una  mesa  o  tablero  que  le  sirve  de  soporte.  Sobre 
ellos  se  fija  la  hoja  de  papel  en  que  ha  de  inscribirse  el  trazado. 

Ligado  el  eje  menor  y  correspondencia  con  el  punto  de  inter8ecci6n  de  los  dos  ejes, 
se  ha  colocado  un  Upiz,  G,  dispuesto  de  tal  mode  que  puede  Uevarse  a  voluntad  en 
contacto  con  el  papel. 

El  borde  de  las  ruedas  se  ha  tallado  en  bisel  de  mode  que  el  aparato  solo  puede 
girar  y  no  resbalar  sobre  el  papel. 

Llevando  en  correspondencia  con  la  extremidad  norte  de  la  aguja  magn^tica  un 
fndice  fijo  a  la  caja  que  la  contiene  (la  suspensi6n  es  a  la  Cardan)  o  bien  automitica- 
mente  si  se  emplea  un  giroscopo,  es  poeible  disponer  constantemente  el  eje  mayor  o 
principal  del  aparato  en  una  direcci6n  fija,  el  norte  magn6tico  en  el  primer  caso  o  el 
verdadero  en  el  segundo. 

Por  otra  parte,  y  mediante  una  trasmisi6n  flexible,  H,  aniloga  a  la  usada  por  los 
dentistas,  accionada,  ya  sea  por  un  *'loch"  o  corredera,  por  un  velocfmetro  o  por  la 
h^lice  misma  de  la  embarcaci6n,  es  poeible  imprimir  al  eje  mayor  CD  un  movimiento 
de  rotaci6n  continue,  que  a  su  vez  produce  sobre  el  Idpiz  G  un  movimiento  de  trasla- 
ci6n  paralelo  al  eje  mayor. > 

En  estas  condiciones  y  dispuesto  el  aparato  sobre  una  embarcaci6n,  se  comprende 
fdcilmente  que  si  se  da  al  eje  menor  y  por  consiguiente  al  Upiz  una  veloddad  de 
traslaci6n  proporcional  a  la  de  la  embarcaci6n  y  se  mantiene  al  mismo  tiempo  el  e\e 
mayor  en  una  direcci6n  fija,  la  del  norte  magn^tico  o  del  norte  verdadero,  el  camioo 
recorrido  por  el  Idpiz  ser6  proporcional  al  de  la  embarcaci6n  y  los  desplazamientoe 
angulares  iguales  a  los  de  la  misma  y,  por  tanto,  el  14piz  trazari  sobre  el  papel  el  pl^^ 
del  camino  recorrido  a  una  escala  que  depender&  simplemente  de  la  relaci6n  en  q^^ 

1  El  c|e  mayor  no  puede  tomar  tm  movimiflDto  de  tnalaoidii  por  peimdlrselo  1*  meda  dispuesta  eo  oo 
piano  normal  a  61. 
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eet^n  esas  doe  velocidades,  relaci6n  fdcil  de  obtener  con  los  sencilloe  dispositivoB  de 
que  a  ese  objeto  va  provisto  el  aparato. 

La  escala  puede  pues  ser  cualquiera  y  fijada  de  antemano. 

Para  mantener  el  aparato  en  la  direcci6n  constante  antes  mencionada,  el  operador, 
cuando  se  usa  una  brdjula,  debe  accionar  en  un  sentido  o  en  otro  la  nieda  mayor 
C,  de  mode  que  el  indice  fijo  coincida  constantementc  con  la  extremidad  norte  de 
la  aguja. 

Cuando  por  aer  extenso  el  camino  recorrido  el  Upiz  y  el  eje  menor  del  aparato  ban 
alcanzado  hasta  cerca  de  la  extremidad  del  eje  mayor,  un  pequefio  tomillo  de  pre&d^n 
I  permite  desengranar  r6pidamente  la  pieza  met41ica,  F,  que  sirve  de  tuerca  a  la 
parte  fileteada  del  miamo  y  retsrotraer  aquelloe  al  origen  de  modo  que  el  tomillo  puede 
aai  servir  indefinidamente,  cualquiera  que  sea  la  longitud  del  cammo  a  recorrer. 

Por  otra  parte,  cuando  el  piano  a  levantar  es  extenso  y  sobrepasa  las  dimensiones 
del  papel  y  por  lo  tanto  el  aparato  tiende  a  salir  fuera  de  la  mesa  que  lo  soporta,  el 
inconveniente  se  evita  muy  £&cilmente  levantando  el  aparato  y  situ&ndolo  sin  mayor 
precauci6n  en  otra  po8ici6n.  En  ello  no  hay  ningtin  inconveniente,  pues  41  queda 
siempre  orientado  y  las  dos  partes  del  trassado  pueden  despu^  ligarse  f&cilmente. 

Entre  otros  dispositivos  de  que  el  aparato  est^  {Nrovisto,  hay  uno  (no  visible  en  la 
fotografla  adjunta)  que  permite  anotar  los  ''tops''  o  sefiales  que  se  quiera. 

A  este  aparato  va  agregado  un  pequefio  visor  en  forma  de  plancheta  que  permite 
tomar  alineaciones  con  puntos  de  la  costa  a  sefiales  fijas. 

Este  aparato  ha  side  usado  por  mf  en  el  Rfo  de  la  Plata  y  en  los  canales  del  delta 
del  Parand  con  excelentes  resultados  y  lo  considero  muy  dtil  en  trabajos  en  que  no 
es  necesario  una  gran  precisidn. 

III.  Hidr6mbtro  Rbgistrador. 

Este  aparato  ha  aido  construldo  para  servir  a  un  doble  objeto:  como  maredgrafo  o 
hidr6metro,  cuando  se  desee  hacer  observaciones  en  puntos  aislados  o  alejados  de  la 
coeta,  donde,  en  general,  no  es  posible  ni  econ6mico  construir  una  instalaci6n  fija;  y 
como  perfil6grafo  especialmente  para  levantamientos  extensos  en  aitios  de  gran  pro- 
fundidad. 

En  ambos  casoa  las  indicaciones  de  altura  o  de  profundidades  de  fondo,  son  regis- 
tradaa  a  favor  de  los  cambios  de  preei6n  que  experimenta  una  derta  masa  de  aire 
contenida  en  un  recipiente  o  bolsa  de  caucho  W  (fig.  6,  lam.  1)  plegada  en  forma  de 
f uelle  (andloga  a  la  usada  en  los  hidr6metros  registradores  Richard)  puesta  en  comuni- 
caci6n  mediante  un  delgado  tubo  flexible  Z  (fig.  8)  con  un  man6metro  que  forma  parte 
del  aparato  regiatrador  contenido  en  la  caja  A  (fig.  8). 

El  fuelle  de  caucho  W  est^  a  su  vez  encerrado  dentro  de  un  recipiente  herm^ti- 
camente  cerrado  W^^  en  comunicaci6n  a  favor  del  tubo  flexible  Z,  (por  el  interior  del 
cual  pasa  el  anterior)  con  un  recipiente  K  abierto  y  como  el  anterior  lleno  de  agua. 
colocado  sobre  la  embarcaci6n  d  que  conduce  el  aparato. 

Sobre  ella  se  instala  tambi^  el  aparato  registrador  A,  antes  mencionado,  dibujado 
a  mayor  escala  en  la  l&mina  2,  y  constitufdo  esendalmente  por  un  man6metro  met&lico. 
AB  que,  a  favor  de  un  juego  de  palancas  acttia  sobre  una  barra  m6vil  E  provista  en 
su  extremidad  libre  de  una  guia  curva  Q  de  igual  forma  y  ecuaci6n  que  la  uaada  en 
el  perfil6grafo  antes  descrito,  destinada  a  trasformar  el  movimiento  angular  de  la 
barra  en  otro  rectilineo  de  amplitud  igual  a  los  senos  de  los  ingulos  descritos  por  la 


La  guia  Q  conduce  a  ese  efecto  un  pequefio  carro  de  aluminio  G  provisto  de  una 
pluma  cdnica  J  que  registra  bus  movimientos  actuando  sobre  una  banda  de  papel 
envuelta  en  el  tambor  S,  la  cual  despu^s  de  pasar  por  el  dlindro  de  guia  V  y  sobre  un 
montante  piano  situado  debajo  de  las  gufas  rectas  F  F,  sobre  las  cuales  se  mueve  el 
carro,  es  tomada  entre  las  varillas  dlfndricas  V,  una  de  ellas  movida  por  un  meca- 


Digitized  by  VjOOQIC 


632       PBOOBEDINGB  SBOOND  PAST  AMBBIOAN  BOiKJMTUUO  00KQBB8& 


niflmo  de  relojerfa  contenido  en  la  caja  Z  que,  actuaDdo  oomo  laminadofeB  i 
el  papel  con  veloddad  unifonne, 

Una  pluma  cdnica  E  soportada  per  el  montante  Z,  pennite  obtener  una  linea  de  h 
0  de  referenda  en  el.diagrama. 
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Finalmente  entre  los  montantes  O  y  CK  se  dispone  un  numerador  automitico,  que 
permite  anotar  sobre  el  papel  loe  "tops"  o  sefiales  de  referenda  que  sean  necesaiias. 

Ya  sea  que  el  aparato  se  use  como  mare6grafo  o  como  perfil6grafo  el  redpiente  me- 
t^co  W^^  (fig.  8),  y  por  lo  tanto  el  fuelle  de  caudio  va  encerrado  en  una  navedlla 
met&lica  (no  dibujada  en  las  figuras  adjuntas)  que  apoya  constantemente  en  el  fondo 
o  lecho  del  rio,  playa  o  curso  de  agua  en  que  se  opere.  £sa  navedlla  va  sojeta  a  la 
embajcad6n  mediante  un  cable  de  acero  C^  (fig.  8),  destinada  a  soportar  todoe  los  es- 
fuerzoedetracd6naquequedasometido  cuandolaembarcad6n  semueve  yaimpedir 
su  acd6n  sobre  los  tubes  flexibles  Z  y  Z>.  La  longitud  del  cable  se  regula  a  voluntad 
mediante  un  pequefio  guinche  a  mano. 

Cuando  el  aparato  se  usa  como  mare6grafo  o  hidr6metro,  la  embarcaci6n  que  lo 
conduce  se  fondea  en  el  sitio  elegido,  que  debe  ser  piano  y  desplayado.  Puede 
tambidn,  aunque  con  ligeras  modificadones  de  detalle,  disponerse  en  una  instalacidn 
fija,  sobre  pilotos,  balizas,  etc. 

En  eeas  condidones  el  aparato  puede  fundonar  indefinidamente  sin  que  en  A 
tengan  influencia  las  diferentes  causas  de  error  que  afectan  en  general  las  observa- 
dones  practicadas  en  loe  aparatos  comunee. 

En  efecto  todos  los  ingenieros  que  hayan  debido  realizar  trabajoe  hidrogr^cos 
saben  cuan  dificil  ee  obtener  indicacionee  exactas  utilizando  loe  hidr6metros  comunes 
port&tiles  o  de  f^tdl  instalad6n,  tales  como  los  de  tipo  Richard,  a  fuelle  o  bolsa  de 
caucho.  Sus  indicadonee  son  en  general  defectuosas  y  errdneas  debido  a  la  fadlidad 
con  que  las  ajcillas  y  el  barro  penetran  por  los  orifidos  de  la  campana  met&lica 
exterior  y  depositdndose  entre  ella  y  el  fuelle  de  caucho,  alteran  e  impiden  su  fun- 
donamiento,  lo  que  obliga  a  una  Umpieza  constante,  inc6moda  y  on«rosa.  No  es 
esa  la  tinica  causa  de  error,  a  ella  se  pueden  agregar  las  debidas  a  los  cambios  de  den- 
sidad  del  agua  por  las  materias  en  suspensidn,  presi6n  dindmica  de  la  corriente,  etc. 

Dada  la  forma  en  que  ha  side  dispueeto  el  aparato  que  acabo  de  describir,  el  agua 
exterior  y  las  materias  en  suspensidn  en  ella,  no  tienen  acci6n  alguna  sobre  41,  y  como 
sus  indicadones  son  debidas  a  una  columna  auxiliar  independiente,  se  ve  deede  luego 
que  en  H  todas  esas  causas  de  error  quedan  eliminadas. 

Cuando  el  aparato  se  usa  como  perfil6grafo,  debe  ser  conduddo  por  la  embarcaddn 
en  que  se  le  instala  en  la  direcci6n  del  perfil  a  levantar,  arrastrando  al  mismo  tiempo 
sobre  el  fondo  la  navedlla,  dentro  de  la  cual,  como  antes  se  ha  dicho  van  colocados 
el  redpiente  met&lico  W^^  y  el  fuelle  de  caucho.  Se  obtiene  asf  un  perfil  continue 
y  exacto  del  fondo. 


OBRAS  DE  DESAGtE  DE  LA  REGION  SUR  DE  LA  PROVINCU  DE  BUENOS 

AIRES.' 

Por  AGUSTIN  MERCAU, 
Vice-decano  de  la  Facultad  de  Ciencias  Exactas^  Fiiicas  y  NaturaUi  de  la  Universidad 

Nadonal  de  Buenos  Aires. 

El  objeto  de  eee  t  /  J  >  ee  dar  a  conocer  algunos  antecedentee  relatives  a  las  grandes 
obras  de  desagfie  rcalircvaas  y  en  proyecto  en  la  Provincia  de  Buenos  Aires  (Repdb- 
lica  Argentina). 

1  EI  Editor  lamenta  manifestar  que  debido  a  la  esoases  de  foudoB  destinados  para  la  ilustradta  de 
los  trabajos,  no  se  publican  todas  las  ilustraoiones  sometidas  en  este  estudio,  pero  se  ban  dejado  en  el 
texto  las  referendas  a  ellas,  para  que  loe  lectores  de  este  estudio  que  lo  desearen,  puedan  dirigirse  para 
conseguirlas  a  la  Comi8l6n  Aseeora  de  tea  Obns  de  DeeagOe  de  la  Provineia  de  Buenos  Aires,  inte^^a 
por  los  Seftores  ingenieros  Agustfn  Meroau  y  Juan  A.  Waldorp,  Buenos  Aires,  Argentina.  Dichas  Uus- 
traclones  fueron  incluidas  y  publicadas  en  el  Informe  sometido  par  la  oitada  Comisi6n  Asesora. 
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Eflfte  trabajo,  es  en  su  mayor  parte,  extracto  del  Informe  que  sobre  Las  Obras 
de  DeeagQe  de  la  Regi6n  Sur  de  la  Provincia  de  Buenoe  Aires,  he  presentado  con- 
juntamente  con  mi  distinguido  colega  el  Ingeniero  Juan  A.  Waldorp,  como  miembro 
de  la  Comi8i6n  Tunica  nombrada  per  el  Exmo.  Gobiemo  de  la  Provincia  para 
aseeorarle  sobre  la  eficiencia  de  las  obras  ejecutadas  y  sobre  el  plan  a  que  deberian 
Bujetaise  las  futuras,  y  ee  tambi^  la  expre8i6n  del  plan  propuesto  por  mf  en  esa 
ocafii6n. 

£1  inter^  t^nico  y  econ6mico  que  esas  obras  ofrecen  radica  principalmente: — en 
las  condidones  espedales  en  que  el  problema  se  proscnta  en  esa  reg;i6n; — en  la  exten- 
8i6n  beneficiada  por  las  Dbras  de  cerca  de  7.000.000  de  hect^ureas; — en  el  incremento  de 
valor  que  las  tierras  ban  adquirido  y  deberin  adquirir  como  consecuencia  de  las 
mismas,  superior  a  2.000.000.000  de  pesos,  ^loneda  nadonal  argentina;  en  la  impor- 
tancia  de  las  obras  ejecutadas,  en  las  que  ee  Uevan  invertidos  c^x^  de  55.000.000 
de  pesos,  moneda  nacional  argentina;  en  la  discusidn  de  los  medios  propuestos  como 
•olucidn  definitiva  del  problema. 

La  regi6n  inundable  a  que  ese  trabajo  se  refiere,  esti  situada  al  Sudeste  de  la  Ph>- 
vinda  de  Buenos  Aires.  Abaica  una  extensi6h  total  de  cerca  de  10.000.000  de 
hect^ureas  (25.000.000  de  acres)  y  comprende  dos  grandes  sonas. 

La  primera  esti  situada  al  Sud  de  la  cuenca  inferior  del  Rio  Salado;  sonas  Nos. 
IV  y  I  (vease  piano  No.  1)  De  estas  la  IV.  es  aqu^Ua  en  que  las  inundaciones  adquieren 
caracteres  que  las  hacen  m^  generales  y  desastroeas. 

La  segunda  comprende  la  mayor  parte  de  los  terrenes  que  forman  la  cuenca  inferior  . 
del  Bio  Salado.    En  esta,  las  sonas  III  y  Illi  son  las  mas  directamente  afectadas 
por  el  fen6men6. 

Las  obras  actualmente  en  servido  ban  sido  proyectadas  y  construidas  por  la  Ofidna 
Tunica  de  la  Direcci6n  de  DesagQes,  importante  repartid6n  dependiente  del  Biinis- 
terio  de  Obras  Pdblicas  de  la  Provincia. 

I.  Rboi6n  Sud  Inundablb  db^ul  Provincia. — Su  Divi8i6n  db  Zonas. 

Presentamos  en  la  l&mina  I,  el  piano  que  ha  de  servir  de  base  a  nuestra  expoeici6n. 

El  comprende  la  casi  totalidad  de  la  extensa  zona  de  terrenos  conodda  con  el 
nombre  de  Regi6n  Sud  Inundable  de  la  Provincia,  y  ha  sido  construfdo  utiUzando 
el  piano  general  de  la  Direcci6n  de  DeeagQes. 

Las  curvas  de  nivel  que  figuran  en  61  ban  sido  trazadas  de  10  en  10  metros,  utili- 
zando  la  nivelaci6n  que  ha  servido  para  la  con8trucci6n  de  los  canales  existentee 
y  de  los  ferrocarriles  que  atravieean  la  regi6n,  uniendo  por  un  trazo  continue  los 
puntos  de  igual  cota.  Se  ha  adoptado  como  piano  de  comparaci6n  el  mismo  de  que 
se  ha  servido  la  Direcd6n  de  Desagtles,  situado,  como  es  sabido,  a  17.70  metros  debajo 
de  la  estrella  del  peristilo  de  la  catedral  de  Buenos  Aires,  y  como  ese  piano  coincide 
aproximadamente  con  el  nivel  de  bajas  aguas  maritimas  en  la  region,  puede  decirse,  lo 
que  hard  m^  clara  su  interpretaci6n,  que  esas  curvas  expreean  la  altura  en  metros 
a  que  se  encuentran  esos  terrenos  con  reepecto  al  nivel  del  mar.  ^ 

Ellas  nos  permiten  tambi^n  hacer  una  primera  division  de  esos  terrenos,  en  dos 
regiones  altim^trica  y  topogrdficamente  muy  distintas,  que  podemos  considerar  sepa- 
radas  por  la  linea  en  rojo  indicada  en  nuestro  piano,  con  el  nombre  de  Canal  CoUctor  A. 

La  primera  de  esas  regiones  que  hemes  dividido  a  su  vez  en  dos  zonas,  indicadas 
en  el  piano  por  los  ndmeros  I  y  II,  comprende  los  terrenos  m^  alejados  de  la  coeta, 
caracterizados  por  su  mayor  altura  con  respecto  al  mar  y  por  su  fuerte  pendiente, 
tal  como  la  menor  8eparaci6n  o  distancia  entre  sus  curvas  de  nivel  lo  hace  ver.  Se 
la  conoce,  generalmente,  con  el  nombre  de  regi6n  alta. 

>  Como  ya  lo  hemos  dioho,  esas  oorvas  han  sido  trandas  pan  altnrai  oredantai  da  10  aa  10  matroa  aalfo 
la  primera,  la  mis  pr6zimaal  mar,  qoacorraspoDda    a  6  matroa. 
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8a  diviai6n  en  las  zonaa  I  y  II  obedece  al  distinto  aentido  en  que  ae  efectd&  el 
derrame  de  laa  aguaa  cafdaa  en  la  miam*;  en  efecto,  y  como  lo  hace  ver  la  direccidn 
de  loa  cunoB  de  agua  que  la  recorren,  el  derrame  de  la  zona  I  tiende  directamente 
hada  el  mar,  mientras  que  el  de  la  zona  1 1  ae  dirige  hacia  el  Salado.  La  linea  diviacnu 
entre  ambaa  zonaa  pasa  entre  los  arroyoe  Lang^ueyti  y  Pantanoao,  y  se  halla  indicftda 
en  el  piano  por  una  linea  grueea  de  rayaa  y  puntoa. 

La  aegunda  de  las  regionea  a  que  noa  hemoe  refeiido,  comprende  loa  terrenoa  inf erio- 
rea  a  la  Ifnea  del  Canal  Colector  A,  y  conetituye  lo  que  ae  ha  Uamado  la  regidn  baj« 
o  inundable  propiamente  dicha,  porque  ea  alU,  en  efecto,  donde  laa  inundacionQs 
adquieren  caracterea  que  laa  hacen  generalee  y  deaaatroaaa. 

La  pendiente  del  t^nreno  ea  alii,  eai  general,  eztremadamente  d^bil  (diez  u  once  irecea 
menor  que  en  la  regi6n  anterior),  tal  como  lo  demueatra  el  gran  apartamiento  o  aepttim- 
ci6n  de  aua  curvaa  de  nivel. 

Eata  regi6n  comprende,  a  au  vez,  doa  zonaa  bien  diatintaa:  la  primera,  deaignada  en 
nueatro  piano  con  el  n6mero  IV ,  comprende  la  extenaa  zona  de  tenenoe  bajoa  inrdziniQa 
al  mar  y  al  eatuario  del  Plata,  que  ae  extiende  deade  Mar  Chiquita  haata  loa  albardonea 
que  limitan  la  margen  derecha  del  cuiao  inferior  del  Salado;  y  la  aegunda,  que  desig- 
naremoa  con  el  nombre  de  Zona  Inundable  del  Salado,  comprende  gran  parte  de  loa 
terrenoa  que  forman  la  cuenca  inferior  de  eae  rfo,  indicadoa  en  el  piano  por  loa  ndmeroa 
III  y  Illi,  en  correapondenda  ^n  aua  mirgenea  derecha  e  izquierda,  reapectivamente. 

La  linea  diviaoria  entre  ambaa  zonaa  no  eat&  acuaada  en  el  terreno  por  acddentea 
topogrificoa  bien  definidoa;  pero  podria  trazarae  con  aufidente  aprozimaddn,  pio- 
longando  la  linea  diviaozia  entre  laa  zonaa  I  y  II  de  que  antea  noa  hemoa  ocupado,  haata 
encontrar  el  Salado  a  la  altura  de  la  laguna  de  La  Tigra,  deade  donde  continuaria  por  el 
albard6n  lateral  derecho  del  miamo  haata  au  deaembocadura  en  la  bahia  de  Samborom- 
b^n .  Sin  embargo,  de  acuerdo  con  la  aituacidn  creada  por  laa  obraa  conatruidaa,  y  para 
fadlitar  nueatra  expoaicidn,  aubatituiremop  parte  de  eaa  linea  diviaoria  por  la  traza  del 
canal  indicado  en  el  piano  con  el  nombre  de  Canal  B,  haata  au  interaecci^  con  el  canal 
ndmeroO,  para  continuar  por  ^ate  y  por  el  ndmero  11  haata  encontrar  el  ejedel  Canal 
colector  A  en  el  kil6metro  222,8. 

Por  otra  parte,  haremoa  preaente  que  en  el  piano  general  (Umina  I)  hemoa  agregado, 
ademia,  una  aerie  de  diagramaa  que  noa  dan  la  Uuvia  caida  mea  por  mea  en  loa  dif  erentea 
puntoa  de  la  regi6n  durante  loa  afioa  1900  y  1913,  ea  decir,  en  loa  doa  afloa  m^  Uuvioeoa 
y  a  loa  que  correaponden  las  inundacionea  m^  grandea  y  mejor  obaervadaa. 

Eaoa  diagramaa  son  tan  claroa,  que  consideramoa  intitil  explicar  la  manera  de  inter- 
pretarloa;  bistenoa  dedr  que,  aegfhi  cada  radio  de  loa  circuloa  alii  trazadoa,  ae  haa 
tomado  longitudea  proporcionalea  a  la  lluvia  caida  en  cada  mea,  y  que  laa  cifraa  ano- 
tadaa  en  el  centre  de  loa  miamoe,  repreaentan  el  total  caido  en  el  lugar  durante  el  afio. 
Elloa  eet&a  orientadoa  en  el  miamo  aentido,  de  modo  que  reaulta  f&cil  aeguir  la  marcha 
del  fen6meno  en  laa  diferentea  localidadea. 

De  eate  modo,  tenemoa  reunidoa  en  loa  planoa  citadoa  loa  elementoa  que  m^  influen- 
da  tienen  en  el  fen6meno  de  laa  inundadonea:  la  pendiente  del  terreno  y  la  lluria 
caida  en  el  miamo  durante  loa  afioa  m^  lluvioaoa. 

Finalmente,  agregaremoa  que  la  naturaleza  de  loa  terrenoa  ea  fuertemente  imper- 
meable (la  miama  preaenda  de  laa  numeroaaa  lagunaa  indicadaa  en  loa  planoa  lo  demuea- 
tra), de  modo  que  la  abaord6n  de  laa  Uuviaa  por  el  terreno  ea  muy  eacaaa  y,  por  lo  tanto, 
el  derrame  muy  elevado. 

II.  Las  Inundagionb8  t  bus  Causab — DmsidN  del  Problbma— Bbbts  Rbsumbh 

DB  LOB  PlANBB  PrOFUBBTOB  PaBA  EviTABLAft— BL  PlAN  AoTUAI/— EfiaBNOIA  DBL 
MlBMO  T  CaPAOIDAD  DB  LAB  ObRAB  CONBTRUtOAB. 

La  miama  divisi6n  de  la  regi6n  baja  o  inundable  que  acabamoa  de  hacer  en  el  capi- 
tulo  anterior,  mueatra  que  el  problema  de  au  deaagtle  ea  doble,  deade  que  41  afecta  a 
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doe  Eonas  distintas  (la  IV  y  la  que  hemoe  designado  bajo  el  nombre  de  Zona  Inundable 
del  Salado),  y  deede  que  como  es  sabido,  diBtintas  son  tambi^n  las  causae  principales 
de  las  inundaciones  a  que  ambas  zonaa  estin  sujetas. 

Dividido  asf  el  problema,  estudiaremos  para  cada  una  de  esas  zonas  las  diferentes 
cuestiones  arriba  enunciadas,  lo  que  noe  serviri  de  introduccidn  a  la  exposicidn  del 
plan  a  que,  a  nuestro  juicio,  deben  sujetane  las  obras  definiUvas. 

Empezaremoe  por  la 

ZoTia  IV, — ^Tres  son  las  causas  que  producen  las  inundaciones  a  que  esta  zona  esti 
■ujeta. 

(a)  Las  aguas  provenientee  de  la  lluvia  directamente  cafda  en  la  zona. 

(b)  Las  agiias  provenientee  de  la  lluvia  cafda  en  la  regi6n  alta. 
(e)  Los  derrames  provenientes  de  la  zona  del  Salado. 

Para  juzgar  la  acci6n  que  cada  una  de  esas  causas  ejerce  en  el  fen6meno»  interesa 
conocer,  m^  que  su  valor  absoluto,  su  valor  relativo. 

Dejando  de  lado,  por  su  menor  impOTtanda,  la  que  pueda  corresponder  a  los  de- 
rrames provenientee  del  Salado,  ^  veamos  cu^  es  la  influenda  relativa  de  las  dos  pii- 
meras  causas  sefialadas. 

Ella  puede  ser  puesta  de  manifiesto  comparando  la  cantidad  de  agua  directamente 
caida  en  la  zona  baja  con  la  que  la  zona  alta  puede  enviar  a  la  misma,  despu^  de  des- 
contar  en  ambas  las  p^rdidas  por  evaporaci6n  y  absorci6n  en  el  terrene. 

Galculando  estas  dltimas  en  un  25  por  ciento,  como  lo  han  hecho  los  ingenieroe 
Lftvelle  y  liMid  para  la  cuenca  del  Salado,  y  por  lo  demis,  cualesquiera  que  ellas 
fueran,  la  relaci6n  serfa  la  misma,  es  f&di  ver  que  el  caudal  que  la  zona  alta  puede 
enviar  sobre  la  baja  no  b61o  duplica  o  triplica  sus  aguas  pi^ias,  como  ha  sucedido  en  la 
inundaddn  de  1900,  aino  que  en  algunoe  casos  puede  alcanzar  propordonee  mucho 
mayores. 

Tal  es  lo  que  ha  sucedido  en  la  inundaddn  de  Agosto  del  afio  pasado. 

Por  efecto  de  la  lluvia  caida  en  ese  solo  mes  en  la  zona  alta  I,  la  zona  IV  habrfa  re- 
dbido  un  caudal  de  cerca  de  cuatro  mil  millones  de  metros  ctibicos,  o  sea,  aproximada- 
mente,  cuatro  y  media  voces  mayor  que  el  de  sus  aguas  propias,  tal  como  resulta  del 
cuadro  siguiente: 


Zonas. 

klMoietros 
ooadrados. 

Altura  media  de  la 

llaviacaida 

en  el  mes  de  Agosto 

de  1913. 

Volnmen  total 

descontar  las 

p^didaq 

(me&os  cUbioos). 

Reladdnen 
qoeest&oon 
respetoaloo- 

a  la  xona  IV. 

I 

n 

IV 

17.660 
17.120 

17.160 

802  mm. 
172  mm. 

8mnaI,II 

70  mm. 

3.076.076.000 
2.234.100.000 

1:4,4 
1:7 

6.209.235.000 
900.876.000 

Y  como  por  efecto  de  los  tenraplenes  que  limitAn  los  canales  ntimeros  11, 12  y  9  (como 
la  simple  inspecd6n  de  la  Uunina  I  lo  hace  ver),  gran  parte  de  las  aguas  caidas  en  la 
zona  II  han  debido  tambidn  dirigirse  sobre  la  zona  IV,  esa  propord6n  resulta  adn  mayor 
y  d  tales  tenraplenes  no  se  hubieran  roto  o  no  hubieran  side  sobrepasados  por  las 
aguas,  la  cad  totalidad  de  las  misEoaa  habrla  ido  a  unirse  con  las  provenientes  en  la 
zona  I,  en  cuyo  case  y  como  resulta  dd  cuadro  dtado  la  zona  baja  habrfa  redbido  un 
caudal  dete  voces  m^  grande  que  el  de  sus  aguas  propias. 

Dedmos  que  la  cad  totalidad  de  las  aguas  caidas  en  la  zona  II  habrfa  aflufdo  a  la  IV, 
porque,  como  se  ver&  despu^,  la  directamente  substralda  y  enviada  al  mar  por  los 
canales  dtados,  es  reladvamente  pequefia,  con  respecto  al  total  caido  en  la  zona  II. 

>  Sa  aoddn  es  eyidentemente  Umitada  y  local.  De  ella  nos  hemos  de  ocapar  mAs  adelante  al  tratar  del 
oanal  B  qae  flgora  en  noeetro  piano.    (L&mlna  I). 
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Se  ve,  pues,  sin  neceeidad  de  abundar  en  mayores  conaideraciones,  la  acci6n  pre- 
ponderante  que  tienen  las  aguas  provenientes  de  la  zona  alta  sobre  las  inundaciones  de 
la  zona  baja. 

Esta  acci6n  hasido  reconocida  por  todos  o  casi  todos  los  que  se  han  ocupado  de  la 
cuestidn,  y  es  ella  la  que  hacia  exclamar  al  autor  del  plan  de  las  obras  actualee,  despu^ 
de  transcribir  las  elocuentes  palabras  con  que  el  ex  Presidente  de  la  Direcci6fi  de 
Desagties  sefior  Ezequiel  Ramos  Mejfa,  describe  el  fendmeno  de  las  inundaciones  en  la 
Provincia,  que  ''no  son,  pues,  las  aguas  locales  las  que  producen  el  dafio,  sino  las  aguas 
ajenas  a  la  r^6n."    (P^uia  25  de  su  infonne  sobre  las  obras  de  desagties.) 

Por  otra  parte;  y  en  cuanto  se  refiere  a  las  condiciones  topogr&ficas  y  altim^tricas  de 
la  zona  IV,  recordaremos  s61o  que,  como  ya  hemes  dicbo,  su  desagtie  natural  tiende 
hada  el  mar.  Hada  61,  en  efecto,  se  dirigen  sus  aguas  con  "desesperante  lentitud," 
Beg&D.  la  acertada  ezpresidn  del  mismo  sefior  Ramos  Mejfa,  siguiendo  la  d^il  y  escaaf- 
sima  pendiente  del  terrene,  pero  diffdlmente  pueden  Uegar  a  ^1:  la  doble,  continoa 
y  elevada  cadena  de  m^danos  que  rodean  la  costa  se  lo  impide,  sin  que  en  toda  su  ext^&- 
■i6n  haya  un  solo  curso  natural  de  cauce  bien  definido  salvo  tal  vez  el  Aj6,  que  atrave- 
sando  esa  inmensa  barrera,  les  sirve  de  emiaario. 

Tales  son,  brevemente  expuestoe,  los  prindpales  factores  que  intervienen  en  laa 
inundaciones  de  la  zona  que  noe  ocupa. 

Veamos  ahora  cu&les  han  sido  Los  medios  propuestos  para  evitarks. 

Como  no  podrfamos,  sin  sobrepasar  los  Ifmites  de  concifli6n  dentro  de  los  cuales  noe 
hemes  propuesto  encuadrar  este  trabajo,  entrar  en  la  descripci6n  de  las  varias  solucio- 
nes  propuestas  durante  el  laigo  tiempo  en  que  esta  cuesti6n  se  debate,  nos  concretare- 
mos  a  la  sola  reeefia  forzosamente  incompleta  que  hacemos  a  continuaci6n  de  loe 
prlncipales  planes  propuestos,  anteriores  al  de  las  obras  actuales. 

El  primer  estudio  serio  sobre  las  inimdaciones  en  la  Provincia  se  debe  al  Ingeniero 
J,  Waldorp,  contratado  especialmente  a  ese  objeto  de  1881,  por  el  Excelentfsimo 
Ctobiemo  de  la  Provincia. 

Con  respecto  a  la  zona  que  nos  ocupa,  deq>u^  de  establecer  claramente  la  distinci6n 
entre  aguas  altas  y  locales,  el  ingeniero  Waldorp,  propuso  esenclalmente:  1^  Captar  las 
aguas  de  los  cursos  principales  que  surcan  la  regi6n  alta,  mediante  canales  endicados 
que  atravesando  la  regi6n  baja,  las  Uevarian  directamente  al  mar.  2^  Eliminar  las 
aguas  locales  o  directamente  cafdas  en  la  zona  baja  por  canales  excavados  que  correrfan 
a  ambos  lados  del  canal  endicado  y  que  las  conducir&n  igualmente  al  mar,  es  decir,  dos 
redes  independientes,  una  para  las  aguas  altas,  la  otra  para  las  bajas.  Encaigado  poste- 
riormente  de  los  estudios  de  la  r^6n  del  Vecino,  el  ingeniero  Waldorp  present6  un 
proyecto  complete  proponiendo  en  sfntesis  la  captaci6n  de  loe  arroyos  Langueyfi,  Perdi- 
do  y  Chelfor6,  mediante  canales  endicados,  cuyo  presupuesto  ascendia,  en  cifras  redon- 
das,  a  17  millones  de  pesos  oro. 

Posteriormente,  y  durante  el  Ministerio  del  ingeniero  Huergo,  no  pudiendo  la  Provin- 
cia, dada  la  dif  (cil  situacidn  econ6mica  en  que  se  encontraba,  abordar  la  construcci6n 
de  las  obras  propuestas  por  el  ingeniero  Waldorp  y  la  de  las  que,  contempor^eamente, 
habf an  proy ectado  para  la  zona  del  Salado  los  ingenieros  Lavelle  y  MMici,  presupuestas 
en  42.000.000  de  pesos  oro,  el  Gobiemo  encarg6  al  Departamento  de  Ingenieros  de  la 
Provincia  el  estudio  y  proyecto  de  las  obras  que  fuera  posible  ejecutar  a  la  base  de  un 
impuesto  que  no  deberf a  exceder  de  3  pesos  por  hect^u^a,  y  al  que  quedarlan  sujetos  los 
terrenes  beneficlados,  proyecto,  cuyo  plan  exponia  en  la  Memoria  que  lo  acompafiaba 
(p&g.  18)  diciendo:  ''Ese plan consiste,  pues,  enlaapertura  decanales en  todos aquellos 
puntos  donde  las  corrientes  no  han  formado  cauce,  porque  no  han  podido  veneer  la  du- 
reza  del  torreno,  y  donde  esa  misma  resistencla  da  una  garantia  m^  que  esas  corrientes 
no  tendr&n  jam^  tendencia  a  alterarlos  ni  borrarlos,  y  s61o  podr^  continuar  con  una 
acci6n  lenta,  pero  indudable,  a  mejorarlos,  aumentando  su  secci6n.  Esos  canales  se 
escalonan  en  las  lagunas  y  cafiadones  para  dar  un  desagfle  gradual  a  las  aguas  que  deposi- 
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ten  las  avenidas  y  habilitarlas  para  recibir  las  que  provengan  de  nuevas  lluvias.  Las 
lagunas  de  fondo  limpio,  que  sirven  de  aguadas,  no  se  afectan  en  bus  hordes  actuales,  y 
se  han  evitado  o  solo  se  encamina  el  desagtie  de  los  excesoe  de  agua  que  naturalmente 
deebordan,  porque  si  bienhubiera  sido  dtil,  al  efecto  del  desagtie,  habilitarlas  tambi^ 
para  recibir  nuevas  avenidas,  hubiera  causado  perjuicios  de  otro  orden  y  de  importan* 
cia  superior,  tal  vez  a  la  influencia  que  ellas  tendr6n  en  el  desagQe  general." 

"  Se  ha  buscado,  para  esoe  canales,  la  mayor  pendiente  posible,  par  los  caminoe  miM 
cortofl  compatibles  con  la  configuraci6n  altim^trica  del  terrene,  al  doble  efecto  de  obte- 
ner  la  economfa  con  la  disminucidn  de  la  longitud  y  dar  a  las  aguas  la  mayor  velocidadt 
tanto  para  conseguir  el  mdximode  caudal  con  el  minimodeexcavacidn,  cuantopara  po- 
der  esperar  que  las  aguas  encaucadas,  una  vez  que  tengan  mayor  velocidad,  puedan  soca- 
var  el  terrene  que  no  pudieron  cavar  sus  aguas  desparramadas  y  formen  cauce,  agran- 
dando  lentamente  la  8ecci6n  de  los  canales  excavados. 

*'  Los  caucee  existentes,  donde  ajMurecen  intemimpidoe,  se  ligarto^  por  medio  de  esos 
canales;  pero  donde  esoe  caucee  son  pequefios  y  tortuosos,  se  les  abandona  para  reem- 
plaearlos  con  un  canal  que  siga  por  el  camino  m^  oorto. 

"Los  canales  son  m^  amplios  en  las  regiones  bajas;  en  las  regiones  mia  altas  se  ha 
tenido  especial  cuidado  de  no  exagerar  las  secdones  de  desagtles,  y  guardar  estricta 
relaci6n  con  las  de  la  regi6n  baja,  porque  siendo  alii  donde  los  caucee  tienen  mayor  ten- 
denda  a  ensancharse,  podrfa  aumentar  la  que  naturalmente  tuvieran  las  aveiddas  de 
precipitarse  sobre  ^eta,  a  la  que  causaria  perjuido  de  importancia  superior  al  beneficio 
que  aquella  redbiera.  Se  ha  procurado  regularisar  las  pendientes  de  los  canales  y 
darles  la  mayor  uniformidad  podble,  para  utilizar  todo  el  desnivel  existente  y  obtener 
el  mayor  caudal  con  el  mlnimo  gasto,  y  tambi^n  para  que  la  acd6n  niveladora  de  laa 
corrientes,  que  con  m^  o  menoe  rapides  ha  de  hacerse  sensible  deepu^  de  algdn 
tiempo,  se  produzca  tambi^  de  una  manera  uniforme  y  no  forme  aterramientoe  que 
puedan  cegarlos. 

"  Al  pasar  las  ondulaciones  del  deecenso  general  de  la  zona  que  recorren,  se  encuen- 
tran  puntos  m^  bajos,  en  que  los  canales  vienen  a  tener  poca  profundidad,  y  el  nivel 
calculado  para  la  corriente  excede  el  del  terrene  natural.  En  esoe  casos  se  han  proyec- 
tado  terraplenes  formados  con  las  tierras  provenientes  de  la  excavaci6n  que  implican  el 
derrame  de  las  aguas. " 

Ahora  bien,  en  cuanto  al  plan  a  que  obedecen  las  obras  actuales,  no  es  sine  la  exte- 
riorizaci6n  de  una  de  las  formas  en  que  puede  realizarse  el  concepto  fundamental  que 
ha  servido  de  base  a  todos  los  planes  propuestos  hasta  aqui,  concepto  que,  puede 
decirse,  ha  flotado  en  el  ambiente  desde  que  el  grave  problema  de  los  deeagHes  del  sur 
de  la  Provincia  se  debate,  y  que,  en  breves  palabras  puede  expresarse  asi: 

Conducir,  sine  todas,  ya  que  ello  resultaria  excesivamente  costoso,  por  lo  menoe  parte 
de  las  aguas  provenientes  de  la  zona  alta  a  travis  de  la  haja^  a  favor  de  canales  (indica- 
dos  o  no)  que  constiturfan  verdaderas  prolongaciones  de  los  cursos  naturales  de  la 
region  alta,  hasta  desembocar  en  el  mar  o  en  el  estuario  del  Plata,  donde  se  abrirlan 
las  bocas  necesarias  si  no  fuera  posible  utilizar  las  existentes. 

Tal  es,  en  efecto  la  idea  dominante  en  ese  plan  y  en  todos  los  hasta  entoncee 
propuestos,  como  muy  bien  lo  hace  notar  el  ex-presidente  de  la  direccidn  de  desagtles, 
Sefior  Ramos  Mejia,  en  las  siguientes  palabras  transcritas  en  su  informe  por  el  ingeniero 
jefe  de  la  oficina  t^cnica  de  esa  misma  direcci6n  Sefior  Nystrdm^r : 

*****  todos  loB  ingenieros  que  se  han  preocupado  de  las  obras  de  desagtie,  que 
han  sido  muchoe  y  algunos  de  elloe  de  incontestable  autoridad,  todos,  sin  excepci6n, 
han  pensado  en  hacer  los  mismos  trabajos. 

"Habrdn  diferido  en  la  apreciaci6n  de  los  detalles;  si  la  forma  o  la  secci6n  del  canal 
ha  de  ser  ^ta  o  aquella,  si  el  trazado  ha  de  ser  uno  u  otro,  si  deben  ir  por  bajo  o  alto 
nivel,  etc.;  pero  no  ha  habido  la  menor  discrepancia  de  opiniones  sobre  lo  que  est& 
indicado  como  indispensable;  abrir  muchas  m^  bocas  al  mar;  rectificar  las  corrientes; 
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unir  loe  arroyos  entre  si;  aprisionar  las  aguas  inundantee;  en  fin  hacer  artificialmente 
los  rfos  suficientes  que  la  naturaleza  no  ha  tenido  adn  el  tiempo  necesario  de  excavaar 
I>or  si,  en  esas  tierras  de  aluvi6n,  de  formaci6n  reciente. "    (P^na  24,  informe  citado.) 

En  ese  oiden  de  ideas  y  reconociendo  como  causa  principal,  sino  tinica,  de  las  inai^ 
daciones  a  que  esti  sujeta  la  zona  baja,  las  aguas  provenientes  de  la  alta,  el  miemo 
Sefior  NystrGmery  autor  del  plan  y  proyecto  de  las  obras  actuales,  piopuso,  despu^e  de 
estudiar  las  ^arias  soluciones,  a  su  juicio,  posibles,  la  construcci^n  de  una  eerie  de 
"canales  endicados"  formadoe  por  una  parte  directamente  excavada  en  el  terreno, 
que  constituirla  su  lecho  menor,  y  por  otra,  limitada  por  doe  terraplenes  paraldoe  al 
eje  de  aquella,  que  fonnarlan  su  lecho  mayor,  destinados  a  captar  las  aguas  de  los  prin- 
cipales  anoyos  que  bajan  de  la  regi6n  alta  y  conducirlas  directamente  al  mar,  aliviando 
asi  la  zona  baja. 

Como  el  agua  en  los  canales  endicados  irla  e^identemente  a  un  nivel  mis  alto  que 
el  del  terrene,  el  desagHe  loecdj  o  de  las  aguas  propias  de  la  zona  y  del  excedente  de  las 
provenientes  de  la  zona  alta,  no  captadas  por  loe  canales,  se  harla  dindoles  entrada 
al  canal  endicado  cuando  el  ni\el  del  agua  en  el  mismo  hubiera  descendido  lo  sufi- 
ciente  paia  permitir  su  entrada;  lo  que  se  haria  a  faA  or  de  una  serie  de  compuertas, 
de  ci^rre  automitico,  dispuestas  en  algunoe  puntos  de  su  trazado. 

De  este  mode  el  desagde  local  quedaba  subordinado  al  estado  del  agua  en  el  canal 
principal,  y  s61o  podrla  efectuares  a  posteriori. 

Dentro  de  ese  concepto  y  plan,  las  obras  propuestas  y  ejecutadas  para  el  desagOe 
de  la  zona  IV,  consisten  en  loe  tres  canales  designadoe  con  loe  ntimeroe  1,  2  y  5,  deati* 
nadoB  a  captar  las  aguas  de  loe  arroyos  Langueyti  y  Perdido,  el  primero;  Ghelfor6,  el 
segundo,  y  Chilcas  y  Chico,  el  tercero,  complementados  a  su  vez  por  una  serie  de 
pequefios  canales— nlimeros  3,  4,  6,  7,  8,  etc. — cuya  funcidn  puede  i^redarse  por  la 
simple  inspecci^n  de  la  Umina  I. 

La  capacidad  minima  de  deecaiga  de  los  canales  principales,  supuestoe  totalmente 
Uenoe,  es  de  370  metros  cdbicos  por  segundo,  distribuldos  asf. 

Canal  ntimero  1 136  m*/. 

Canal  ntimero  2 •.; 114  m'/. 

Canal  n<imero  3 120  m'/. 

Total 370  mV, 

Ahora  bien,  tanto  por  el  concepto  a  que  obedecen  las  obras  construidas  como  por 
8u  capacidad  de  desagUe,  consideramos  que  su  plan  no  es  eficiente. 

£n  efecto,  y  sin  entrar  en  un  anilisis  detallado  del  mismo,  que  nos  llevarfa  de- 
masiado  lejos,  diremos  que,  debi^ndose  eliminar  dos  clases  de  aguas  de  procedencia 
bien  distinta-— las  agvat  alias  o  extrafias  a  la  regi6n  a  descaigar,  y  las  agv/is  bajas  o 
propias  de  la  misman-no  hay  raz6n  t^cnica  ni  econ6mica  alguna  que  aconseje,  en  el 
case  que  nos  ocupa,  hacer  descender  las  primeras  hacia  la  zona  baja,  para  eliminarlaa 
despu6s  "a  trav^  de  ella,''  mucho  mils  cuando  la  pendiente  de  eeta  zona  es,  como 
hemes  visto,  tan  escasa,  caai  nula,  y  su  nivel  o  altura,  con  respecto  al  redpiente  que 
airve  de  descaiga  (el  mar)  tan  limitado,  y  cuando  el  acceso  al  mismo  se  halla  dificultado 
por  inconvenientes  tan  series  como  el  que  ofrece  el  extenso  cord6n  literal  de  m^dimoa 
que  bordea  la  costa. 

Tal  sistema,  si  bien  puede  ser  aplicable  para  el  desagUe  interior  o  local  de  una 
zona,  no  lo  es  cuando  se  trata  de  una  regi6n  inundable  de  las  condiciones  de  la  que 
nos  ocupa,  sujeta  a  la  incursi6n  de  aguas  extrafias  a  la  mlsma. 

La  8oluci6n  es,  a  nuestro  juicio,  otra,  y  de  ella  hemes  de  ocupamos  en  el  capltulo 
aiguiente,  al  hacer  la  exposici6n  del  plan  que  proponemos. 

En  cuanto  a  la  capacidad  de  descarga  de  las  obras  construidas,  juzgada  en  rdaci6n 
a  la  que  serf  a  necesaria  para  la  completa  eliminaci6n  de  las  aguas  provenientes  debt 
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Eona  alta,  diremoB  a61o  que  ella  no  puede  ser  mia  exigua.  En  el ecto,  y  como  lo  de- 
mofitraramos  mis  adelante,  la  capacidad  de  las  obras  necesarias  para  la  dimlnacidn  de 
sdlo  las  aguas  cafdas  en  la  zona  idta  I,  debe  ser  calcnlada  para  1600  metroe  cdbicos  por 
flegundo/qne,  como  se  ve,  estd  muy  lejosdelacifra  antes  recordada  (370  m*  por  segundo), 
como  capacidad  total  de  las  obras  actnales  relativas  a  la  sona  que  nos  ocupa. 

Por  otra  parte,  adn  cuando  los  canales  construidos  pudieran  recoger  la  totalidad  de 
hm  aguas  provenientes  de  los  arroyos  que  captan  (lo  que  no  sucede),  aqudla  relaci6n 
aerfa  igualmente  exigua,  pues  es  bien  sabido  que  la  mayor  parte  de  las  aguas  de  la 
lona  alta  no  va  a  eeos  cursos  de  agua  (que  no  tienen  cuencas  definidas),  sino  que  se 
derrama  por  la  dilatada  zona  que  media  entre  los  canales,  siguiendo  lentamente  la 
pendiente  del  terrene. 

Zona  inundable  del  M^ocfo.— Pasaremos  ahora  a  ocupamos  de  la  segunda  sona  enque 
hemes  dividido  la  r^gi6n  inundable  y  que  hemes  llamado  la  Zona  Inundable  del 
Salado. 

A  dla  coiresponde  el  grupo  restante  de  las  obras  construidas  por  la  Direcd^n  de 
DesagQes. 

Las  inundaciones  a  que  esta  sona  est4  sujeta  son  debidas,  como  es  sabido,  a  los 
desbordes  de  ese  rfo,  cuyo  cauce  resulta  insuficiente  durante  las  ^pocas  de  creciente 
para  contener  las  aguas  provenientes  de  su  inmensa  cuenca  da  recepci6n. 

La  d^bU  pendiente  de  los  teirenos  que  constituyen  la  cuenca  inferior  del  mismo, 
hace  que  esos  desbordes  puedan  cubrirgrandes  extensionesy  como  esos  mi8mosdeeft>or- 
des  impiden,  a  su  vez,  el  libre  acceso  de  las  aguas  provenientes  de  los  terrenes  mis  altos 
que  rodean  esa  parte  de  la  cuenca  (especialmente  las  que  bajan  de  la  maigen  derecha), 
sus  aguas,  no  pudiendo  segulr  su  curso  natural  hacia  ^  Salado,  vienen  a  superponerse 
a  aquellas,  agravando  la  8ituaci6n. 

Siendo  el  Salado  el  principal  colector  natural  de  la  r^gi6n  que  nos  ocupa,  el  desagOe 
de  la  zona  inundable  de  la  miama  se  ha  buscado,  16gicamente,  reelizarlo  mediante  obras 
destinadas  principahnente  a  aumentar  su  capacidad  de  descaiga. 

Las  diferentes  soluciones  propuestas,  anteriores  al  plan  actual,  pueden  encuadrarse 
dentro  de  estos  dos  tipos  principales:  ensanche  y  profundizaci6n  del  cauce — endi- 
camiento  del  mismo — completadas  en  ambos  casos  por  la  canalizad^n  y  encauza- 
miento  de  sus  afluentes  principales  (Las  Flores,  Tapalqu^,  Azul,  Gualichu,  etc.). 

A  ello  responden,  en  efecto,  las  obras  propuestas  por  el  engeniero  J.  Waldorp,  entre 
otros,  y  las  estudiadas  y  proyectadas  por  los  ingenieros  Lavalle  y  Medici,  a  que  antes 
nos  hemes  referido. 

En  su  '^Informe,''  que  es,  sin  duda,  el  trabajo  mis  complete  que  se  haya  hecho 
Bobre  el  Salado,  los  ingenieros  Lavalle  y  M6dici  proponen  el  endicamiento  de  ese 
rlo  conjuntamente  con  varias  obras,  cuyo  costo  calculaban,  como  antes  lo  hemes 
dicho,  en  42,000,000  de  pesos  oro. 

Por  su  parte,  el  ingeniero  Nystrdmer,  considttando  esas  obras  excesivamente  costoeas 
y  que  las  de  canalizaci6n  y  encauzamiento  de  los  afluentes  del  Salado  no  eran  con* 
venientes,  por  cuanto,  decia,  ''practicindoee  en  ellos  tales  m^joras,  este  rlo,  ya  recono- 
ddamente  insuficiente,  recibiHa  un  notable  aumento  de  caudal,  y  se  impondrfa 
fcnrzoeamente  la  9jecuci6n  de  anilogas  obras  para  agrandar  su  lecho  y  enderezar  su 
curso;  lo  cual,  para  el  fin  exclusive  del  desagCle,  puede  considerarsecomo  impracticable, 
no  s61o  por  el  costo,  sine  por  los  inconvenientes  que  podrian  resultar  del  cambio  radical 
que  sufriria  su  r^imen  actual,"  propuso  en  cambio  captar  esos  mismos  afluentes 
mediante  canales  endicados  del  mismo  tipo  que  los  construidos  en  la  sona  IV,  que 
conducirian  sus  aguas  directamente  al  mar,  aliviando  asf  el  cauce  del  Salado. 

Con  tal  objeto  propuso  la  construcci6n  de  los  canales  11,  12,  y  9,  que  captan  las 
aguas  de  los  arroyos  Tapalqu^,  Azul,  Huesos,  CSiapaleof  Q,  Pantanoso,  etc.,  tributarioe 
de  la  margen  sud  o  derecha  del  Salado.  "De  este  mode,  agregaba  en  su  Memoria, 
todoe  los  canales  que  prdyectamos,  en  los  distritos  al  sud  del  Salado,  se  llevan  al 
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mar,  con  excepci6n  de  uno,  el  del  arroyo  Vallimanca,  que  por  la  gran  distancla  que  lo 
separa  del  Oc^ano,  ha  debido  necesariamente  deeembocar  en  el  Salado/* 

Completan  el  sistema  otras  obras,  destinadae  unas  a  acelerar  y  mejorar  la  deecarga 
del  curso  inferior  del  Salado,  tal  como  el  canal  ndmero  15,  conocido  con  el  nombre  de 
Aliviador  del  Salado,  y  otras  a  acelerar  la  deecarga  de  sus  afluentee,  facilitando  el 
desagQe  de  las  zonae  que  recorren,  talee  como  lo6  canales  ndmeroe  15,  16,  17  y  18. 

En  cuanto  al  deeagQe  local,  se  haria  lo  mismo  que  en  la  zona  IV,  por  compuertas 
laterales  autom^ticas. 

Para  juzgar  de  la  eficacia  de  esas  obras,  importa  m^  que  todo  examinar  la  capacidad 
de  deecarga  del  grupo  m^  importante  y  que  mayor  influencia  debe  tener  en  el  deeag^e 
de  esa  zona,  que  es,  evidentemente,  el  de  los  canales  11,  12  y  9. 

Su  capacidad  mAxima  es  de  216  metroe  cdbicoe  por  segundo,  y  estd  dada  por  la 
del  canal  ndmero  9  a  eu  desembocadura. 

Ahora  bien:  como  lo  hace  ver  la  simple  inspecci6n  del  piano  (Ldmina  I),  las  aguas 
provenientes  de  la  Uuvia  cafda  en  la  zona  II  resultan  casi  fntegramente  captadas  por 
los  terraplenes  de  esos  canales,  y  siendo,  como  lo  demostiaremos  mis  adelante,  el 
caudal  mdximo  de  agua  que  eea  zona  puede  verier  1400  metres  ctibicoe  por  segundo, 
se  ve,  desde  luego,  comparando  esta  cifra  con  la  anterior,  la  escasa  importancia  que 
eeos  canales  tienen  como  aliviadores  del  Salado. 

Es  derto  que  con  ellos  no  se  ha  pretendido  recoger  todas  esas  aguas,  sino  ''desviar 
de  los  afluentes  al  Rio  Salado  la  mayor  cantidad  de  agua  que  sea  compatible  con 
la  economfa,''  segdn  lo  expuso  el  seiior  Nystrdmer  en  su  informe,  agregando  m&B 
adelante: 

Por  otra  parte^  creemos  que  nadie  pretende  que  las  obras  sean  capaces  de  suprimir 
en  absolute  las  mundaciones  que  podr&n  resultar  de  avenidae  muy  extraordinarias, 
que  s61o  se  producen  por  la  concurrencia  de  muchas  circunstancias  especiales  dif  Idles 
o  imposibles  de  pre  ver. 

Lo  que  se  ha  tratado  de  realizar  es  dar  fdcil  salida  a  las  aguas  que,  segtin  los  dates 
que  ban  podido  recogerse,  Uevan  los  arroyos  en  tiempos  de  las  grandes  credentes; 
oDteni^ndose  asl  protecd6n  contra  las  avenidas  ordinarias  y  grandes,  que  ocurren 
con  mayor  frecuenda,  y  reduci^dose,  a  la  vez,  a  proporciones  inofensivas  las  m^ 
grandes,  que  no  tenaran  mayores  consecuendas  que  las  que  tienen  hoy  dfa  las 
pequefias. 

Pero  es  que  esa  insuficiencia  de  capacidad  tiene  otros  efectos  m^  graves,  que 
debemos  recordar  aqui. 

No  pudiendo  esos  canales  recoger  sino  una  pequefia  pord6n  de  las  aguas  prove- 
nientes de  la  zona  II,  que  antes  se  dirigian  al  Salado,  el  excedente  de  las  mismas 
queda  detenido  por  los  terraplenes  laterales  a  aquellos  (v^ase  Ldm.  I)  de  donde  deben 
buacar  salida,  ya  sea  diiigi^ndose  sobre  la  zona  IV,  o  bien  si  los  terraplenes  no  le 
ofrecen  suficiente  resistencia,  como  ha  sucedido,  al  Salado  en  cantidad  variable, 
segtin  la  importanda  de  las  roturas  que  se  hubieran  producido. 

III.     ExF08ICI6n   DBL  plan   QUB   PRQPONBMOS  para   las  obras  DBPINinVAS. 

Hechas  las  consideraciones  que  preceden  sobre  los  hechos  y  el  estado  actual  de  la 
cue9ti6n  asf  como  el  somero  an&lisis  que  las  acpmpafia,  de  las  prindpales  defidencias 
del  plan  actual,  pasaremos  ahora  a  la  expoeici6n  del  plan  que  a  nuestro  juido,  deben 
obedecer  las  obras  definitivas. 

No  partidpamos  de  la- idea  tantas  voces  expresada,  segtin  la  cual  la  soluddn  com- 
pleta  del  problema  de  los  desagHes  en  la  provinda,  debe  considerarse,  por  lo  menos 
econ6micamente  como  impoeible. 

Sin  desconocer  su  magnitud  y  trascendeftcia,  creemos  que  las  dificultades  con 
que  hasta  aqui  se  ha  tropezado,  dependen  m&B  que  del  problema  en  sf  mismo,  del 
plan  o  tipo  de  obras  con  que  se  ha  pretendido  resolverlo. 
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Es  en  tal  creencia,  y  sin  que  ello  importe  la  pretenai6n  de  haberlo  conaeguido, 
que  al  estudiar  el  plan  que  presentamos,  nos  hemos  propuesto  dar  una  8oluci6n  radical 
y  completa  de  la  cuesti6n. 

Como  ha  de  verse  mis  adelante,  ^1  conduce  a  la  utilizaci6n  Integra  de  todas  las 
obras  construldas  hasta  aqul,  condici6n  que  hemoe  tenido  muy  presente  en  nuestro 
espfritu,  y  que  anticipamos  complacidos,  porque  ella  noe  pennite  asegurar  desde 
luego  que  no  han  de  resultar  est^riles  los  desembolsos  y  sacrificios  hechos  hasta  aquf 
con  tan  laudable  y  patri6tico  empefio  por  el  Excelentlsimo  Gobiemo  y  por  todOB  los 
que  han  debido  intervenir  en  este  grave  y  complejo  problema  de  los  desagQes  en  la 
Provincia. 

Haremos  su  expo6ici6n,  considerando  sucesivamente  las  dos  grandes  zonas  en  que 
hemos  dividido  la  regi6n  inundable,  es  decir,  la  zona  que  hemos  designado  con  el 
ndmero  IV  y  la  que  hemos  Uamado  zona  inundable  del  Salado. 

Plan  y  obras  que  proponemos  para  desagUe  de  la  zona  IV. — Recordaremos  que  tres 
son  las  causas  a  que  obedecen  las  inundaciones  a  que  esta  zona  estd  sujeta: 

1.  Las  aguas  provenientes  de  la  Uuvia  directamente  cafda  en  la  zona. 

2.  Las  aguas  provenientes  de  la  regidn  alta. 

3.  Las  aguas  provenientes  de  derrames  del  Salado. 

Esa  zona  acumula  asi  por  una  parte  bus  agitas  propias  o  locales,  y  por  otra  las  aguas 
extrafias  a  la  misma,  constituidas  estas  dltimas  principalmente  por  las  aguas  altos 
provenientes  de  la  zona  I,  cuya  acci6n  preponderante  en  el  fen6meno  hemoe  puesto 
antes  claramente  de  manifiesto. 

Hemos  hecho  ver,  ademis,  que  el  criterio  seguido  o  propuesto  hasta  aqul,  para 
eliminar  esas  aguas  altas,  haci^ndolas  descender  a  la  zona  baja  para  conducirlas  des- 
pu^  a  trav^  de  ella  hacia  el  recipiente  que  les  sirve  de  descarga,  el  mar,  era  err6neo, 
no  existiendo  raz6n  tunica  ni  econ6mica  que  lo  aconseje  y  que,  tratdndose  en  este 
case  del  desagQe  de  una  regidn  inundable  sujeta  a  la  incursidn  de  aguas  extrafias  a 
la  misma,  la  soluddn  era  otra. 

E^  justamente  a  ella  a  la  que  responde  el  plan  que  proponemos  para  el  desagtie 
de  la  zona  que  nos  ocupa,  y  que  puede  contcretarse  asf : 

1^  Recoger  las  aguas  altas  o  extrafias  a  la  zonas  por  un  colector  exterior  a  la  misma, 
que  las  lleve  directamente  al  mar,  sin  hacerlas  descender  indtilmente  a  la  regidn 


2^  Impedir  el  acceso  de  las  aguas  provenientes  de  derrames  de  la  zona  del  Salado. 

3^  Puesta  ad  la  zona  baja  al  abrigo  de  las  aguas  exteriores  o  extrafias  a  la  misma, 
proceder  a  su  desagfie  interior,  por  una  red  independiente,  para  lo  c\ial  puede  utili- 
zarse  Integramente  la  red  actual,  ampMndola  si  ello  fuere  necesario. 

La  zona  IV  quedarla  asi  sujeta  iinieamenU  a  sus  aguas  propias,  que,  como  antes 
hemos  visto,  no  repreeentan  sino  una  minima  parte  de  las  que  actualmente  recibe.' 

Ahora  bien:  las  obras  necesarias  para  Uevarlo  a  cabo,  cuya  expo6ici6n  detallada 
haremos  m^  adelante,  pueden  dividirse  asf: 

I.  Obras  destinadas  a  impedir  el  acceso  a  la  zona  de  las  aguas  extrafias  o  exteriores 
a  la  misma. 

II.  Obras  destinadas  al  desagfie  interior  de  las  aguas  propias  o  locales  de  la  zona. 
Al  primer  grupo  correeponden  esendalmente: 

(a)  La  primera  parte  del  canal  designado  en  el  piano  (L&mina  I),  bajo  el  nombre 
de  Canal  colector  A,  desde  su  desembocadura  en  la  Laguna  de  Mar  Ghiquita,  kil6- 
metro  0.00,  hasta  el  Irildmetro  162,  destinado  a  recoger  la  totalidad  de  las  aguas  pro- 
venientes de  la  zona  alta  I,  y  conducirlas  directamente  al  mar,  despu^  de  descar- 
garlas  en  la  laguna  citada. 

>  Reoordanmos  que  por  efeoto  de  U  lluria  oalda  en  U  looaalta,  durante  el  sdlo  hub  de  Agosto  del  aito 
paaado,IaioiiaIVhareoibidoimoaiidaldeeiiam»yiMMa«k<«oieoMiMyorqaed  propias. 
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Oomo  el  canal  atraviem  terrenos  altos  con  respecto  a  0U  piinto  de  descazga,  puede 
dtoele  la  pendiente  que  se  quiera,  y  como  en  virtud  del  enorme  caudal  que  debe 
condudr,  resultarfa  muy  costoso  construirlo  enteramente  excavado  en  el  terrenoy 
aparte  de  que  ello  serfa  t6cnicamente  in6til  y  sin  objeto,  se  le  proyecta  solo  y  exca* 
vado  en  parte,  y  el  resto,  que  fonnarfa  su  lecho  mayor,  constituido  por  un  faerte 
terrapin  lateral,  de  modo  que  las  aguas  puedan  extenderse  deede  ese  terrapin  que 
formarbi  uno  de  loe  costadoe  del  canal  hacia  los  terrenes  altos  y  al  mismo  tiempo 
adquirir  la  pendiente  necesaria  para  su  escurrimiento,  disposicidn  que  hace  muy 
econdmica  su  construccidn  y  permite  dar  al  canal  ima  capaddad  casi  ilimitaida, 
(Vteise  las  secdones  transversales,  l&mina  3.) 

Estas  obras  estarfan  complementadas  por: 

La  d^8viaci6n  de  los  arroyos  o  cursos  laterales  de  la  region  alta,  para  fadlitar  la 
entrada  de  bus  aguas  al  canal ';  por  descaigadores  de  fondo  destinados  a  asegurar  la 
continuidad  de  esos  mismos  cursos  de  agua,  para  que,  en  la  medida  que  se  quiera,  pueden 
utilizarse  sus  aguas  durante  las  ^pocas  de  seca  o  para  la  bebida  de  badenda  en  la 
regidn  baja;  por  obras  de  arte  generales,  descaigadores,  vertedores,  puentes,  viaductos, 
etc. 

(6)  Las  obras  destinadas  a  impedir  el  acceso  de  los  derrames  provenientes  del  Salado, 
a  cuyo  objeto  responde  uno  de  los  fines  del  canal  B  de  que  nos  hemes  de  ocupar  al 
tratar  de  la  zona  inundable  del  Salado. 

Finalmente,  al  segundo  grupo  de  obras  corresponden: 

La$  obrai  de  duagUe  local  de  la  zona^  a  cuyo  objeto  se  utiliza  Integramente  la  red 
actual  de  canales  construfda  por  la  Direcddn  de  DesagHes,  completada  por  una  nueva 
red  de  canales  secimdarios. 


Ahora  Men;  pasando  a  la  segunda  parte  del  problema,  veamos  cu^  es  el  plan  y  las 
obras  que  proponemos  para  la  zona  inundable  del  Salado. 

Plan  y  obras  que  proponemos  para  el  desagHe  de  la  sona  inundable  del  Salado, — En 
este  case,  como  en  el  anterior,  la  solud6n  que  vamos  a  proponer  contrasta  igualmmite 
con  las  anteriormente  propuestas,  por  la  sendllez  de  las  obras  que  requiere,  por  su 
escaso  ndmero  y  por  su  reduddo  costo. 

Como  hemes  visto  antes,  y  es  por  lo  demis  bien  sabido,  la  causa  de  las  inundadones 
a  que  esta  zona  est&  sujeta  se  debe,  esendalmente,  a  la  insufidenda  del  Salado  para 
dar  paso  al  enorme  caudal  que  se  dirige  a  €i  como  producto  de  la  lluvia  caida  en  su 
extensa  cuenca. 

El  plan  y  las  obras  que  proponemos  para  el  desagde  de  esta  zona,  consisten  esendal- 
mente: 

1^  Enla  prolongaddn  del  canal  eolector  Ay  del  kil6metro  162  al  kildmetro  300,  de 
modo  que  61  pueda  recoger  tambi^n  las  aguas  provenientes  de  la  zona  alta  que  hemes 
designado  con  el  ndmero  II,  zona  que,  como  lo  hemes  dicho  antes  y  lo  pone  de  mani- 
fiesto  la  direcd6n  general  de  los  ciirsos  de  agua  que  la  recorren,  vierte  bus  agxias  al 
Salado  y  pertenece  por  lo  tanto  a  su  cuenca  imbrifera. 

Su  objeto  es  substraer  de  la  cuenca  del  Salado  esa  zona,  que  a  nuestro  juido,  es  la 
que  mayor  influenda  ejerce  en  las  creddas  de  su  curso  inferior. 

El  Salado  quedada  asi  sujeto  (inicamente  a  la  influenda  de  la  parte  restante  de  su 
cuenca,  representada  por  las  zonas  bajas  III  y  Illi  y  por  la  que  hemes  designado  con 
el  ndmero  V,  o  sea  la  m^  alejada  de  su  desembocadura,  zonas  que,  como  lo  haremos 
ver  despu^  s61o  pueden  dar  lugar  a  credentes  de  regimen  tranquilo,  insufidentes 
para  hacer  desbordar  su  cauce  o  que  s61o  pueden  hacerlo  en  una  escasa  proporddn. 

Esa  obra  serfa  a  su  vez  complementada  por  el  ensanche,  rectificaddn  y  profundi- 
zaddn  de  las  partes  m^  defectuosas  del  cauce  del  Salado;  por  el  derre  de  los  porte- 

«JBt  tr»ta  6»  peqoritoe  troios  d«  canal,  goo,  por  sa  eacMa  Importoada,  no  hm  sldo  aafialadoe  en  el  piano 
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curios  que  dejan  entre  sf  los  albardones  latenJes  del  corao  inferior  del  mismo  dewie 
la  laguna  de  la  Boca  al  mar,  como  medida  de  precaucii^  destiiiada  a  impedir  «u 
derrame  sobre  las  zonae  laterales  en  el  caso  de  que  las  credentee  sobrepaMsen  nuaatraB 
previsionefl;  por  obraa  de  deeagtte  local  anilogaa  a  lae  indicadas  para  la  sona  IV,  uti- 
lisando  la  parte  correspondiente  de  los  canales  actualee;  etc. 

Bajo  este  miamo  concepto  de  obraa  complementariaa  oemprendemos  todos  los 
canales  ccmstruldos  dentro  de  la  regidn  ptnr  la  Direcdidii  de  DessgOes,  tales  oomo  el 
canal  ntimero  15,  aliviador  del  cufso  inferior  del  Salado,  el  18,  V^,  16, 17,  etc.,  que  se 
utilizarfan  fntegramente. 

2^  El  pequafio  canal  indicado  am  el  nombre  de  Cm^i  Bt  de  tipo  anikgo  al  ^i  y 
cuyo  objeto  es  recoger  parte  de  las  agues  locales  de  la  aona  ba|a  III  y  llevarlas  a  las 
lagunas  de  la  Boca  y  La  Tigra,  e  impedir  al  mismo  tiempo  que  los  derrames  de  la 
aona  III  puedan  dirigirse  a  la  s^ma  lY. 

Expuesto  aaf  nuestro  plan,  en  sus  Ifneas  fundamewtales,  pasvemos  a  baoer  en 
los  capltulos  siguientes  un  estudio  m^  detallado  de  las  diferentes  obfas  que  41  eon- 
prende,  lo  que  nos  permituii  dar  una  idea  nUis  completa  de  sus  i^an  y  nos  prop<Nr« 
cionar6  al  mismo  tiempe  los  ^enentos  neeessrios  para  fonnular  su  presupueste  de 
TOJTima  y  apreciar  su  iM  econi^mioa. 

IV.  Obrab  Rblatitas  a  la  Zona  IV. 

Estas  obras  comprenden  los  doe  grupos  siguientes: 

I.  Las  obras  neceaarias  para  impedir  el  acceso  de  las  aguas  extrafias  o  exteriores  de 
la  zona. 

II.  Las  obras  destinadas  al  desagde  de  las  aguas  propias  o  locales  de  la  zona. 
Antes  de  iniciar  su  estudio  debemos  abordar  una  cuesti^  previa,  acaso  la  mis 

diffdl  y  delicada  en  todo  proyecto  de  desagde,  que  nos  va  a  permitir  fijar  las  bases  a 
favor  de  las  cuales  bemos  de  dedudr  la  capaddad  y  dimenaiones  de  las  obras:  nos 
referimoe  a  la  determinaci6n  del  caudal  o  cantidad  de  agua  que  una  zona  puede 
derramar  como  producto  de  la  Uuvia  cafda  en  ella.* 

Del  punto  de  vista  exdusivo  de  los  desagdes  no  intereaa,  como  f&dlmente  se  com- 
prende,  el  conocimiento  del  caudal  medio  que  una  zona  puede  verter,  ni  menos  su 
valor  mlnimo,  sino  el  del  caudal  mdximot  pues  es  evidente  que  con  relaci6n  a  ^ete 
deben  fijarse  las  dimensiones  que  las  obras  deben  tener. 

Conjimtamente  cbn  el  plan  que  desarrollamoe,  el  suscrito  pre6ent6  a  la  Oomisi^n 
de  que  form6  parte  una  fdrmula  aplicable  a  la  region  que  nos  ocupa,  y  dedudda 
despu^  de  un  detenldo  estudio  de  la  cue6ti6n; 

Mediante  ella  puede  obtenerse  ese  caudal  miximo  en  funci6n  de  la  mdxima  media 
menmal  de  lluvia  observada,  tinico  demento  para  el  cual  se  disponfa  de  mayor  ntimero 
de  dates: 

Ella  puede  expresarse  asi:  * 

en  la  cual: 
Qj  representa  el  ciaudal,  en  metros  cdbicos  por  segundo,  que  puede  verter  una  z<ma. 
C,  un  coefidente  numMco,  igual,  para  la  regi6n  que  nos  ocupa,  a  0.00642. 
/,  la  pendiente  de  la  zona. 

5,  la  superfide  de  la  misma,  en  kil6metro8  cuadrados. 

h,  la  mdriTna  media  mensual  de  lluvia  cafda  en  la  zona,  expresada  en  milfmetros. 
El  coefidente  num^co,  0.00842,  corresponde  a  un  estado  del  suelo  pr6ximo  a  la 

I  Omkimos  nseAar  U  extcnaa  biMlograffft  eaEtruMflra  reladva  a  €8la  eoflstite,  arf  eeiiio  las  nomenMSS 
Mimalas  que  86  han  propoesto  a  €se  objeto  por  einnto  «U»  no  ooadodii*  a  BAda  pt4oti^ 
MollDMiiU  se  oomprende,  <mm  fdrmolaB  dedoaldaB  ptia  ngjifotm  m  genmd  moj  dlitlBtas  de  U  foe  nos 
oeiqMi,  nsnltan  equl  insiriioabls  o  de  dndosa  apUeeeldn. 
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flatuiaci6n  *  y  ha  aido  deducido  utilizando  las  observadoneB  practicadas  en  la  regidiL, 
deagradadamente  poco  numeroeas.' 

No  creemoB  que  sea  del  case  exponer  aqui  los  fundamentos  de  orden  ttoiico  en  qae 
eaa  f6rmula  se  apoya.    Ello  nos  llevarfa,  por  otra  parte  demasiado  lejos. 

Esperamos,  en  cambio  que  la  misma  aplicaci6n  que  de  ella  hemes  de  hacer,  ya  sea 
explicando  hechos  conoddos  o  deduciendo  nuevos,  nos  sumlnistrari  numerooaa 
comprobadones  que  la  justdfiquen  y  nos  hard  ver  la  notable  concordanda  de  loe  datos 
deduddos  a  favor  de  ella  con  los  directamente  observados. 

Esa  f  6rmula  nos  va  a  permitir  calcular  el  aporte  que  cada  zona  de  la  regidn  alta  Ueva 
sobre  la  baja;  el  caudal  del  Salado  en  bus  diferentes  estados  de  credentes,  etc.,  nece- 
sarios  para  fijar  la  capaddad  y  dimensiones  de  las  obras  que  proyectamos. 

1.  Obrai  destinadas  a  impidir  el  aeceso  de  lae  aguas  extrafUu  a  la  tona  IV— Canal 
oolector  A, — ^Para  &cilitar  nuestra  expo6id6n  haremos  aqui  el  estudio  complete  de 
este  canal,  aim  cuando,  como  ya  hemes  dicho,  a  esta  zona  corresponde  86I0  la  primera 
parte  del  mismo. 

La  traza  del  canal  sigue  en  casi  toda  bu  longitud  la  Ifnea  ideal  que  separarfa  las  zonas 
alta  y  baja  de  la  regi6n,  Ifnea  caiacterizada  por  loe  puntosdonde  loe  cursos  deagua  que 
bajan  de  la  reg:i6n  alta  se  pierden  o  inidan  su  derrame  en  la  planide. 

Arranca  a  la  altura  del  arroyo  Tapalqu^  (kil6metro  300)  y  desemboca  en  la  laguna 
de  Mar  Chiquita  (kil6metro  0.00). 

Estd  constitufdo,  como  antes  lo  hemes  dicho,  por  iin  fuerte  terrapin  que  forma  su 
costado  Este,  y  por  un  canal  excavado  cuyas  tderras  se  emplean  en  la  constnicd6n  de 
aqu61. 

Ambos  estin  separados  por  una  amplia  banquina. 

Sub  caracterfsticas  prindpales  son: 

Longitud:  300  kil6metros. 

Lecho  mayor:  Altura  del  terrapl6n,  de  2.70  metres  (]dl6metro  300)  a  4.70  metroi 
(kil6metro  0.00). 

Ancho  del  coronamiento:  3  metros. 

Talud  del  lado  de  las  aguas,  5  de  base  por  1  de  altura. 

Talud  del  lado  exterior,  2  de  base  por  1  de  altura. 

Secd6n  del  terrapl^n:  de  33,615  metros  cuadrados  (kil6metro  300)  a  91,415  metros 
cuadradoe  (kil6metro  0.00). 

Banquina:  Ancho,  de  30  metros  (kil6metro  300)  a  100  metres  (]dl6metro  0.00.) 

Veamos  ahora  como  han  aide  fijadas  su  capaddad  y  dimensiones: 

Ante  todo,  diremos  que  al  establecerlas  nos  hemes  propuesto  dar  a  esta  obra,  que 
representa  la  mds  importante  de  nuestro  plan,  la  mayor  eegwridad  contra  todas  las 
acdones  a  que  pueda  estar  sujeta,  y  mds  atin,  hemes  Uevado  nuestras  previaiones  mds 
all4  de  loque  fuera  necesario  para  responder  a  los  mdximos  probables  deeeas  acdones, 
con  el  objeto  de  obtener  una  abiohUa  ieguridad^  tal  como  lo  requieren  los  valiosos  7 
mtUtiples  intereses  que  debe  salvaguardar. 

Ello  nos  ha  side  f4dl,  porque  el  tipo  de  las  obras  y  «u  plan  lo  permiten  sin  ninguna 
dificultad  t^cnica  ni  econ6mica.  £a  aaf  como,  para  referimos  a  un  solo  case,  hemes 
I>odido  dar  a  ese  canal  una  capaddad  m4s  de  dneo  veees  mayor  que  la  descarga  miSxima 
probable  del  mismo,  sin  que  ello  conduzca  a  un  aumento  aenaible  en  bu  coBto. 

Por  BU  destino,  ese  canal  debe  recoger  fntegramente  las  aguas  de  dename  prove- 
nientee  de  las  zonas  altas  I  y  II. 

El  aporte  mdximo  de  cada  una  de  esas  zonas  ha  side  calculado  por  la  formula  del 
ingeniero  Mercau,  admitdendo  como  rndxima  mensual  de  Uuvia  300  millmetroB,  dfra 

>  Tal  oomo  snoede  dorante  las  llavlat  da  Invicrno  7  pdmavara. 

*  TntAndosa  en  esta  caao  da  ana  raglda  de  oaraeterea  unlfDcmis,  la  natnratott  del  t«miio,  arf  oomo  la 
avaporaadn  e  infiltrack$n,  fbnna  de  la  onenca,  etc.,  paeden  considflrane  oomo  oonstantes  7  «a  taeltOa,  por 
lo  tanto,  qneda  oompraodida  en  el  ooellolente  dtado. 
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que  representa  la  miixima  observada  hasta  aqui  en  la  zona  I,  y  que,  por  un  espfritu  de 
justa  previfli6n,  se  ha  supuesto  tambi6n  para  la  zona  II,  aiinque  alll  la  observada  sea 
mucho  menor  (172  milfmetros  en  agosto  de  1913). 

De  este  modo  el  caudal  m^ximo  por  seg:undo  que  la  zona  I  puede  verter  en  el  canal 
flerfa: 

8^17 fltO  kil6metros  cuadradoe,  la  superfide  de  la  zona; 

I^O.OOlSSy  la  pendiente  media  de  la  zona; 

C^0.0084t; 

h^SOO  mm; 

Q^CVTiS.  h=^0.0084t^0.001S9XSOOX17,ltO»l,600  metros  cdbicos  por  segundo.* 

Y  el  correspondiente  a  la  zona  II,  para  la  cual: 

8=^17,650  kil6metroe  cuadradoe; 

1=^0.0011  f  pendiente  de  la  zona; 
•uponiendo  tambi^n  una  lluvia  menmial  de  300  mm.  serfa,  calculada  de  la  miama 
manera, 

Q^0,0084t^0MlTxS00X17,550^1,m  metros  cdbicos  por  segundo. 

Su  suma  con  la  dfra  anterior,  o  sea  3,063  metros  ctibicos  por  segundo,  darla  la  capa- 
ddad  que  el  canal  deberia  tener  en  su  desembocadura  en  el  supuesto  de  que  cayese  en 
ioda  la  extensidn  de  ambas  zonas  una  lluvia  de  300  milfmetros;  y  como,  dada  la  enorme 
extensi6n  qu»  suponen  ambas  zonas  (34,679  kil6metros  cuadrados),  tal  supoaici6n 
corresponderfa  evidentemente  a  un  hecho  muy  improbable,  deede  que  equivale  a 
suponer  que  en  toda  la  extensi6n  de  ambas  zonas  ha  de  caer  al  mism^  tdempo  el 
miximo  de  lluvia,  podrfamos  admitir  como  m^  aproximado  a  la  realidad  la  mitad 
de  esa  cifra  o  sea,  en  ndmeros  redondos,  1,500  metros  c6bicoe  por  segundo,  para  tener 
lo  que  Uamaremos  el  caudal  mdximo  probable. 

Sin  embargo,  i)ara  el  dUculo  del  canal  hemes  admitido  el  valor  anterior,  3,063  metros 
cdbicos,  o  sea  el  doble  del  mibdmo  probable. 

Pero,  con  todo,  esa  dfra  queda  atin  muy  por  debajo  de  la  capaeidad  mdxima  del  otmoZ, 
que,  como  veremoe  luego,  sobrepasarfa  de  7,600  metros  cdbicos  por  segundo  si  se 
utilizase  eoh  una  parte  de  la  revancha  de  seguridad  dejada  entre  el  nivel  de  sus  aguas 
7  el  del  coronamiento  del  terrapl6n  que  las  contiene. 

La  magnitud  de  esa  cifra  podrfa,  a  primera  vista,  hacer  dudar  de  la  poeibilidad  de 
dar  al  canal  las  sufidentes  garantias  de  seguridad. 

Nada  sin  embargo  serfa  mis  err6neo:  esa  seguridad  no  depende  en  efecto  del  mayor 
o  menor  caudal  a  conducir,  sino  de  las  condidonee  mismas  en  que  se  efecttia  el  escurri- 
miento  en  relacidn,  principalmente,  de  la  velocidad  de  la  corrientej  que,  en  el  case  que 
noe  ocupa,  puede  ser  la  que  se  quiera. 

Es  asf  como  se  puede  construir  y  se  ban  construf  do  canales  de  importancia  igual  o 
comparable  a  la  del  que  nos  ocupa.  Tal  es  el  caso,  para  dtar  uno  solo,  del  Canal  de 
Ibrahimia,  en  Egipto,  de  268  ldl6metros  de  longitud,  que  en  la  4poca  de  altas  aguas 
adquiere  profundidades  comparables  a  la  de  nuestros  m^  grandes  rfos  (10  a  11  metros). 

Por  nueetra  parte,  al  hacer  el  anteproyecto  del  canal  que  proponemos,  hemes  tenido 
en  cuenta  que  en  ningtkn  caso  la  veloddad  media  sobrepasase  0.65  metros  por  segundo, 
en  la  parte  donde  ella  es  miixima,  es  decir,  en  laprozimidad  del  terrapldn  desu  maigen 
izquierda,  veloddad  inferior  atin  a  la  que  la  tierra  que  lo  constituye  puede  resistir 
con  toda  seguridad;  pero  la  veloddad  calculada  asf  corresponde  a  un  caudal  doble, 
como  hemes  dicho,  del  caudal  m&ximo  probable,  y  es  evidente,  por  lo  tanto  que  las 
Telocidades  efectivas  con  que  el  escunimiento  se  efectuar&  ser&n  menores  que  las 
calculadas  por  corresponder  a  un  caudal  menor. 

1 81  diTidimos  este  oandal  por  la  snperflole  da  U  lona  obteoflmos  03  litroi  por  segmido  oomo  caudal  que 
denmnarla  cada  kUdmetro  coadrado  de  la  misnia,  o  sea  ana  dfra  dies  veoes  mayor  que  el  derrame  medio 
admitido  en  oasl  todos  los  diferentes  iiroyeotos  anterlores  a  nuestro  estudlo. 
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No  repetiremoe  aquf  los  cikmloe  que  nof  haa  servido  para  restablecer  eau  velod- 
dadea  y  demia  elementoa  del  canal  coRaapondientea  a  laa  diferentea  aeccumea  dal 
miflmo,  por  aer  demasiado  lazgoa;  pero,  para  que  ae  pueda  juagar  de  ana  reaultadoa, 
damoa  en  la  Umina  4  variaa  diagiainaa  de  laa  velocidadea  mediaa  c<»i«q;>ondientea  a 
laa  diferentea  seccionea  para  laa  cualea  ae  ban  hecho  eeoa  dUculoa.  Oomo  eeoa  dia- 
gramaa  han  aido  conatnif doa  an  luncidn  da  loa  radioa  medioa,  au  integral  dn  tambite 
el  caudal  que  paaarla  por  cada  aeccidn  caudal  que,  aumentado  del  coneepondiente  al 
canal  excavado,  indicamoa  en  la  Umina  5  bajo  el  nombre  de  Diagrama  del  Gbnal 
Oolector  A  (linea  a). 

En  cuanto  a  la  pendientedel  plan  de  agua  an  el  canal  para  el  caao  del  caudal  m^zi- 
mo  aupueato  para  el  cilculo,  ae  halla  indicadai  para  cada  trecbo  del  miamo,  m.  el 
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perfil  longitudinal  que  damoa  en  la  Umina  ndmeto  2  y,  como  alii  puede  vene,  varia 
de  12  a  20  centimetroa  por  kil6metro. 

Su  9ecci6n  tramvenal  ae  halla  indicada  en  la  Lamina  8,  donde  damoa  la  aaccida 
correspondiente  al  origen  del  canal  (ldl6metro  800),  donde  ella  ea  mfnjma,  y  la  ctfnm- 
pondiente  a  au  deaembocadura  (Idldmetro  0.00),  donde  ella  ea  mizima. 

En  eae  piano  ae  indican  tambite  las  dimenaionea  aaignadaa  al  twrapl^  dal  caaal, 
cuya  aeccidn,  como  allf  puede  verse,  ofrece  una  completa  aeguridad  y  robuates,  qv^ 
lo  hace  superior  en  resistencia  a  los  diquee  mis  fuertes  construfdos  en  el  mundo  p*** 
obras  an&logas,  mayor  atin  que  las  del  tipo  o  ''standard"  admitido  para  loa  diqu^* 
del  Mississipi. 

Su  ancbo  en  la  base  es  igual  a  diez  y  ocho  voces  el  tirante  de  agua  mizimo  en  ^1 
canal,  lo  que  lo  pone  completamente  a  cubierto  de  todo  peligro  de  escurrimiento  • 
infiltracidn. 
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Entre  el  nivel  que  adquirirfan  las  aguas  para  el  caso  del  caudal  m^oimo  supuesto 
para  el  c&lculo  y  el  coronamiento  del  tenapl^,  se  ha  dejado  una  amplia  revancha 
de  aeguridad,  en  bu  mayor  parte  de  m^  de  dos  metres. 

Esta  revancha  da  al  canal  una  capacidad  de  descarga  casi  ilimitada;  asl  por'ejemplo, 
d  las  aguas  pudieran  adquirir  un  incremento  de  altura  de  un  metro  sobre^el  nivel 
cakulado;  la  capacidad  del  canal  serfa  de  7,500  metroe  ctibicos  por  segundo,  o  sea 
cinco  voces  mayor  que  el  caudal  m4zimo  probable. 
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For  otra  parte,  esa  misma  revancha,  asi  como  el  revestimiento  del  talud  del  lado[de 
las  aguas  que  proyectamos,  le  da  una  complete  seguridad  contra  el  oleaje  y  acetones 
similares  a  que  puede  estar  sujeto. 

Para  ese  revestimiento  pueden  utiUxane  gramineas  resistentes,  tepes  de  Bermt&dez, 
por  ejemplo,  tal  como  se  ha  becbo,  con  excelentes  reeultados,  en  los  diques  del 

JUSBlSBippi. 
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Ar^lfiB  de  pasar  a  ocupamoe  de  las  obras  de  arte  relativas  a  eete  canal,  debemos 
examinar  atin  un  punto  importante  en  su  trazado  en  cuanto  corresponde  a  las  dificul- 
tades  que  pudieran  ofrecerle  los  plieguee  u  ondulaciones  transversales  del  terreno 
que  atraviesa. 

Gomo  los  pianos  de  que  hemes  podido  disponer  no  dan  a  este  respecto  una  idea 
completa,  y  como  nuestxo  conocimiento  personal  de  la  regi6n  es  tambidn  limitado, 
hemos  debido  recurrir  a  elementos  de  otro  origen,  que  nos  permitieran  abiir  un  juicio 
lundado  al  respecto. 

Como  las  nivelaciones  correspondientes  a  los  ferrocarriles  que  atraviesan  la  regidn 
son  evidentemente  las  mis  completas  y  detalladas  de  que  se  pueda  disponer,  hemos 
solicitado  de  la  empreea  del  Fenocaml  del  Sud  algunos  de  los  perfiles  longitudinales 
de  sus  llneas,  eligiendo  precisamente  aquellas  en  que,  por  estar  dirigidas  casi  trans- 
versalmente  a  los  cursos  de  agua  que  la  atraviesan,  mayores  y  mis  pronundadas 
deberlan  ser  esas  depresiones. 

Tal  es  el  case  del  ramal  de  Chas  a  Ayacucho,  que  el  canal  atraviesa  entre  las  esta- 
ciones  Casalins  y  Magal  lanes. 

Si  se  ftTamifiA  el  perfil  longitudinal  de  esa  llnea,  se  ve  inmediatamente  que  esas 
depresiones  son  muy  pequefias,  pricticamente  insignificantes,  aun  en  la  parte  (no 
atravesada  por  el  canal)  comprendida  entre  la  tiltima  de  las  estacionee  citadas  y 
Ayacucho,  en  la  cual,  por  ser  mayor  la  pendiente  del  terreno,  deberfan  ellas  ser  mis 
acentuadas.  Se  ve  igualmente  que  los  cursos  de  agua  a  que  antes  noe  hemos  referido 
no  presentan  tampoco  verdaderas  cuencas  de  recepci6n  o  de  compluvio  y  apaiecen 
como  simples  zanjas  o  rasgufios  abiertos  en  una  planicie  inmensa. 

Como  la  parte  en  que  esas  ondulaciones  del  terreno  deberfan  adquirir  mayor  impor* 
tancia,  serla  evidentemente  la  regidn  atravesada  por  la  dltima  parte  del  ramal  de  Juan- 
cho  a  Vivoratd,  por  ser  allf  mis  numerosos  los  cursos  de  agua  y  mis  fuerte  la  pendiente 
del  terreno,  hemos  solicitado  tambi^  su  perfil  longitudinal.  La  top<^;rafla  del 
terreno  resulta  alll  en  efecto  mis  accidentada,  pero  esas  depresiones  no  adquieren 
tampoco  mayor  importancia,  y  si  Men  algo  mis  acentuadas  que  en  el  case  anterior,  son 
aiempre  pequefias. 

Como  no  podiamos,  por  su  considerable  extensidn,  reproducir  eeos  perfiles  nos 
limitamos  a  dar  en  la  limina  6  copia  del  perfil  del  ramal  de  Chas  a  Ayacucho  en  la 
parte  comprendida  entre  los  kil6metros  48  y  70,  atravesada  por  el  canal  y  que  mis 
interesa  a  la  cuesti6n  por  corresponder  aproximadamente  a  la  parte  media  de  su  trazado. 

No  hay  para  qu6  dedr  que  si  esas  depresiones  u  ondulaciones  fueran  grandes 
pueden  ser  evitadas  al  hacer  el  estudio  y  trazado  definitive  del  canal,  quedando  s61o  las 
pequefias,  que  no  pueden  ofrecer  un  inconveniente  serio  en  el  trazado  y  que  tampoco 
lo  olrecen  desde  el  punto  de  vista  hidiiulico,  en  el  escurrimiento  de  las  aguas. 

En  efecto,  desde  eete  dltimo  punto  de  vista  hemos  supueeto  como  rasante  de  fondo 
del  canal  la  Ifnea  que  pasase  por  la  parte  superior  de  esas  ondulaciones;  de  este  mode 
substitufmos  al  terreno  real  un  terreno  ideal,  cuya  superficie  corresponderfa  al 
memento  en  que  todas  esas  depresiones  eetuvieran  Uenas  de  agua. 

Las  velocidades  calculadas  corresponden  asf  al  punto  en  que  las  aguas  atravesarfan 
los  puntos  mis  altos  del  terreno  para  pasar  a  esas  depresiones  que  actuarfan  como 
ensanches  graduales  de  8ecci6n,  y  cuya  bendfica  acci6n  es  evidente. 

Pasaremos  ahora  a  ocupamos  de  los  obras  de  arte  relativas  a  este  canal  y  de  las 
obras  complementarias  del  mismo. 

Nos  limitaremos  a  su  simple  enimieraci6n,  ya  que  no  es  aquf  la  oportunidad  de 
discutir  su  tipo  ni  detalles,  que  solo  tendrfan  cabida  en  un  proyecto  definitivo. 

Por  igual  raz6n,  al  hacer  el  persupuesto  de  estas  obras,  nos  limitaremos  a  la 
apredacidn  global  de  su  costo. 

Entre  las  primeras,  la  mis  importante  e  interesante  es,  sin  duda,  la  de  descaiga  del 
canal  en  la  laguna  de  Mar  Chiquita,  y  ello  explica  que  entremos  a  su  respecto  en  las 
breves  indicadones  siguientes  respecto  a  su  tipo  y  capacidad. 
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El  punto  sefialado  en  el  piano  como  t^imino  del  canal  (kil6metro  0.00)  es  como  se 
comprende,  puramente  indicativo;  tanto  61  como  las  condicumee  mlamas  en  que  ae 
luuria  la  deacaiga  del  canal  en  Mar  Chiquita  y  de  Ma  al  oc^ano,  861o  pueden  eer  fijadoa 
deepu^  de  loe  eatudioa  completes  y  de  cai6cter  definitivo  a  que  antes  nos  hemos 
Tefeiido. 

Con  todo,  una  condiddn  esendal  en  eea  descaiga  es  la  de  poder  gobernar  a 
iroluntad  el  plan  de  agua  en  el  canal,  evitando  los  lemansos  de  depresi^n  que  en  otio 
case  podr(an  dar  lugar  a  incrementos  de  veloddad  perjudiciales  al  canal. 

For  otra  parte,  y  con  el  objeto  de  evitar  la  influenda  perturbadora  que  las  mareas 
podrfan  ejercer  en  el  regimen  del  canal,  hay  convenienda  en  que  la  descaiga  se  haga 
a  una  cota  tal,  que  la  ponga  a  cubierto  de  esta  influenda,  aun  en  el  case  de  mareas 
excepdonales. 

Bajo  esas  condiciones  hemos  supuesto  para  hacer  el  anteproyecto  que  nos  ha  servido 
para  fi  jar  el  costo  probable  de  esa  obra,  que  la  eliminad6n  se  hidera  por  descaigadoies 
de  fondo,  utilizando  la  descaiga  superior,  o  por  vertedero,  s61o  oomo  revancha  de 
•eguridad. 

La  obia  estaria  provista  de  un  edifido  de  compuertas  de  gian  luz,ttcilmente  mane> 
jables,  de  capaddad  tal  que  no  s61o  permita  la  evacuaci6n  del  caudal  m&zimo  que 
hemos  supuesto  para  el  dllculo  del  canal,  sine  tambi^  de  un  caudal  mayor  del  doble 
del  mismo,  quedando  asf  a  cubierto  de  todas  las  contingencias  posibles. 

£1  edificio  se  ligarfa  por  una  parte  al  terrapl^n  del  canal,  y  por  otra  a  los  destinados 
a  identificarla  con  los  terrenes  altos  de  la  margen  derecha  del  canal  y  de  la  laguna 
de  Mar  Chiquita. 

La  cota  del  suelo  de  los  descaigadores  quedarfa  a  2.89  sobre  el  cero,  siendo  5  la  del 
nivel  del  agua  en  el  canal. 

Finalmente,  agregaremos  que,  segtin  lo  acusan  las  perforaciones  existentes,  la  obra 
puede  ser  hecha  en  excelentes  condidones  de  cimentad6n,  disponi^ndose  en  efecto 
para  fundarla  de  terrenoe  muy  resistentes  (tosca),  que  la  harlan  econ6mica  y  que  al 
mismo  tiempo  le  darian  mayw  eetabilidad. 

Aparte  de  eUa,  revisten  otras  obras  de  arte,  aunque  de  mucho  menor  importanda, 
que  requiere  la  ejecuddn  del  canal,  tales  como  vertederos,  alcantarillas  de  deeagde, 
espigones,  etc.,  a  las  que  hay  que  agregar  atin  las  destinadas  a  restablecer  la  continui- 
dad  de  los  caminos  y  vias  f ^rreas  interceptados  por  el  canal,  o  sean  los  puentes  y 
yiaductos  necesarios. 

Eetos  tiltimos  son  evidentemente  los  m^  numerosos  e  importantes.  Seis  son  en  efecto 
las  Ifneas  f^rreas  interceptadas  por  el  canal,  y  requerirfan  por  lo  tanto  igual  ndmero 
de  yiaductos.  £s  poslble,  sin  embargo,  como  lo  hace  ver  la  simple  inspecd6n  del 
piano  (L&m.  I),  que  pudieran  evitarse  por  lo  menos  dos,  mediante  un  simple 
cambio  en  los  empalmes  de  los  ramales  que  arrancan  de  Maipd  y  de  cerca  de  Las 
Flores. 

Por  otra  parte,  la  importanda  de  estos  viaductos,  asf  como  la  de  loe  puentes  necesarios 
disminuye  considerablemente  a  medida  que  nos  apioximamos  al  origen  del  canal, 
donde  la  longitud  de  los  mismos  queda  muy  redudda.  E^ta  circtinstanda  y  otras 
derivadas  de  la  natundeza  del  terrene  de  fundaci6n  y  de  la  escasa  altura  que  requieren, 
nos  ha  hecho  ver  que  el  costo  de  estas  obras  resultard  mucho  menor  del  que  pudiera 
parecer  a  primera  vista,  segtin  lo  hemos  comprobado  pw  los  anteproyectos  de  las 
mismas,  que  hemos  hecho  para  computar  su  val(nr  en  niiestro  presupuesto. 

Finalmente  y  como  obras  complementarias  proponemos:  la  desviad6n  de  los  curses 
naturales  y  canales  existentes  interceptados  por  el  canal  para  establecer  su  comuni- 
caci6n  con  la  parte  excavada  del  mismo,  a  favor  de  obras  sencillas  y  de  poco  costo, 
la  ooDStrucci6n  de  descargadores  de  londo  destinados  a  establecer  la  continuidad  de 
esos  mismos  curses  de  agua,  y  canales  para  que  puedan  sus  aguas  atravesar  el  canal 
y  ser  utilizadas  en  la  medida  que  se  quiera  durante  las  ^pocas  de  sequia  o  en  cualquier 
otra. 
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Canal  B. — Como  lo  hemos  dicho  al  exponer  nueBtro  pkn^  uno  de  ke  ^Xkee  de  esta  obffm, 
cuyo  estudio  haremos  despu^  conjuntamente  con  el  de  las  obrae  relatiTas  a  la  soua 
inundable  del  Salado,  de  que  forma  parte,  es  el  de  evitar  o  impedk  el  accem  a  ki  moom 
lY  de  lae  agoas  provenientes  de  derrames  del  Salado. 

A  igual  objeto  reaponde  el  cierre  de  Ice  portexueloe  que  dejan  entre  sf  Ice  albardones 
naturales  del  Salado,  particulanQente  kiB  de  au  margen  derecha,  de  que  hetnos  de 
ocupamoe  tambi^n  al  tratar  de  las  obraa  a  que  acabamoa  de  lefefirnoa. 

Con  ellas  y  con  el  canal  colector  A,  quedan  puea  Uenadoa  de  una  man^fa  complete 
J  Begura  los  fines  que  hablamoe  adgnado  a  las  obMs  del  grupo  que  eeCudiaaios. 

Pasafemoe  abora  a  ocupamos  del  segundo,  constituMo  por  las  obras  deatiBadaB 
al  desagde  interior  o  local  de  la  tona  que  nos  ocupa. 

II.  Obras  desHnadoi  al  de$agiU  local  de  la  zona  /F.-^Puesta  esta  zona,  en  rMoA  de 
las  obras  a  que  acabamoa  da  referimos,  (!ompIetameato  al  abHgo  de  las  aguas  estecia- 
res  a  la  misma,  el  problema  de  su  desagAe  tesulta  ttcil,  dmsAe  que  no  bay  que  pte- 
ocupame  sine  de  sua  aguas  pto^rfas  o  locales,  de  amttdad  inc<ttipatableetciite  m&oift 
a  la  de  aquellas. 

Por  otra  parte,  la  c^apaddad  a  iMrignar  a  k)s  canltei  resulta  r«dueida,  por  &»  menor 
la  cantidad  de  agua  que  ellos  deben  eracuar,  y  porque  aquellas  mittiaa  obras  haeen 
que  se  pueda  disponer  de  utt  tiempo  inim  largo  para  la  descitiga. 

Deeaparecen  tambito  los  gnvves  incoUTenientes  que  ofrecen  los  caaalet  eiMBeados, 
que  se  obsenran  eu  la  red  actual. 

Abora  bien:  tanto  para  el  desagfte  interior  de  esta  aona,  como  para  el  de  la  sotta 
inundable  del  Salado,  proponemos,  como  ya  lo  hemos  dicho,  la  utiliaacidii  completa 
de  toda  la  red  actual  de  canales  construfdoe  por  la  Direcddii  de  Desagttes,  completada 
por  una  nueva  red  de  canales  secundarioe. 

F6cll  nos  hubiera  side  trazar  en  el  jrfano  los  ejes  de  esta  nueva  red,  si  los  elementos 
de  que  disponemos  fueran  m&B  completes  y  si  ello  no  fuera  antidpatse  a  lo  que  debe 
ser  motivo  de  un  estudio  detallado  y  completo  en  el  terreno. 

S61o  noe  limitaremos  a  dar  algunas  breves  indicaciones  sobre  las  bases  g^ierales  a 
que  debe  obedecer  el  trazado  de  esa  nueva  red. 

Los  canales  actuales,  como  la  simple  in8pecci6n  del  piano  lo  bace  ver,  estlA  todos 
sin  excepci6n  dirlgidoe  segf^in  las  Ifneas  de  m^bdma  pendiente  del  t^reno,  dispo- 
aici6n  que  con  reladdn  a  las  fadlidades  del  deeagOe  y  fundonami^ito  de  los  mismos, 
no  es  seguramente  la  mis  favorable. 

En  efecto,  ella  exige  para  que  esos  canales  puedan  servir  eilcasmente  a  su  objelo, 
su  complementaddn  medlante  redes  secundarias  forzosamente  epctensas  y  costosas* 

£n  cambio,  si  esos  canales  estuvienm  dirigidos  segte  Ifneas  oblfcuas  a  esa  direeddn, 
las  aguas  afiuirfan  directamente  a  ellos  sin  necesidad  de  obras  aaxiliares,  o  pot  lo  menos 
estas  serfan  reducidisimas  y  de  escaso  costo. 

Por  tal  motivo,  pensamos  que  babrla  siempre  conveniencia  en  trazar  la  nueva  red 
que  proponemos  de  preferenda  segthi  la  direcd6n  obUcua  que  sefiakonos,  lo  que 
permitirfa  desde  luego  hacer  actuar  sus  canales  como  verdaderos  colectores  de  desagtie. 

De  este  mode  serf  a  fdcil  evitar  tambi^  en  gran  parte  los  inconvenientes  que  ofrece 
la  inmensa  cadena  de  m6danos  que  rodea  la  costa,  pues  trazados  aaf ,  no  babrfa  dificultad 
en  elegir  y  llevar  la  desembocadura  de  esos  canales  a  los  puntos  en  que  las  coodiciones 
naturales  ofrezcan  ma3rores  ventajas. 

Para  caracterizar  el  tipo  de  esos  nuevoe  canales,  proponemos  la  8ecci6n  indicada  en 
la  l&mina  9,  y  como  alii  puede  verse  la  tierra  proveniente  de  la  excavad^  ddi  canal 
se  depodta  a  tm  solo  lado  del  mismo,  formando  un  ancbo  terrapin  de  poca  alliira. 

Esta  disposici6n  obedece  a  dos  objetos: 

P  A  que,  si  la  capaddad  del  canal  resulta  sobrepasada  por  las  aguas,  Mas  seaa 
retenidas  por  el  terrapl^n  y  pueda  el  canal  actuar  en  forma  an&loga  a  la  del  canal 
colector  A,  con  ventajas  evidentes  para  su  funcionamiento  y  capaddad  de  desagOe, 
que  resulta  asf  casi  ilimitada. 
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2*  Disponiendo  las  Uetna  en  esa  forma,  el  teitapl^n  puede  ser  utilieado  como 
cammo  a  alto  nivel  (sa  ancho  seria  de  12  metros),  en  lo  que  no  hay  inconveniente 
alg:un0y  pues  por  sus  funciones  y  destino  eee  terrapl6n  no  requiere  una  peifecta 
conflervaci6n« 

La  utilizaddn  de  estoa  tenrapleneo  cxmio  caminoe  ofreceria,  fuera  de  toda  duda,  un 
gran  beneficio  a  la  Tialidad  en  la  PiOTinda, 

Con  iddntico  destino  podrla  ensanchane  lambi^n  el  coronamiento  de  loa  tenaplenea 
de  lo6  canalee  existentes,  y  se  dlBpondria  asf  de  una  completa  y  extenafaima  red  de 
caminoe  con  un  costo  pr^ticamente  nulo,  deade  que  ^1  no  seria  imputable  a  eee 
objeto.  Elloa  permitir^m  tambi^  cuando  el  deaanoUo  de  la  poblackSn  y  de  loe 
cultivofl  lo  hagan  necesario  y  convemente,  tender  aobre  loa  miamoa  una  verdaden 
red  de  fenocamles  de  trocha  angoata  (tipo  Decauville),  en  la  miama  lonna  que  ae 
ha  hecho  ea  Bgipto  y  que  tan  espldndidoB  remiltadoa  ha  dado  en  eae  paii,  oomo  -wSm 
auzUiarea  de  laa  Uoeaa  f teeaa  prindpalea* 

CoiBprendiendo  ka  neceaazioa  a  la  Bona  I V  y  a  la  del  Salado,  piopon«moa  la  ^jec^^ 
de  860  kildmetNB  de  nuevoa  canalee,  de  aecddn  media  excavada  de  Teiate  metm 

Lmi.9 

OMSKDOMUE  BEUnnANMCMiC 
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cuadrados,  o  sea,  aproximadamente  la  misma  que  tienen  los  canales  actuales  (parte 
excavada). 

Estimamos  su  costo  en  2,500,000  pesos  moneda  nadonal,  al  que  agregamoe  un  20 
por  ciento  por  obras  de  arte,  llegando  asl  a  la  cifra  global  de  3,000,000  de  pesos  moneda 
nacional,  que  figura  en  el  presupuesto  general. 

Realizadas  esas  obras,  coitisideramos  que  el  desagHe  local  de  la  zona  lY  podrd 
efectuarse  en  muy  buenas  condiciones,  por  lo  menos  dentro  de  las  necesidades  actuales 
y  durante  un  kigo  tiempo,  hasta  que  el  aumento  de  la  poblacidn  y  cultivoe  reclame  su 
ampliacidn. 

Como  habr4  podido  observarse,  damos  a  estas  obras  el  car&cter  de  obras  secundariaa 
de  desagHe,  cuyo  tipo  encuadra  aun  dentro  de  las  que  pueden  considerarse  como  de 
Inter^  general,  quedando  a  cargo  de  los  propietaiios  las  de  interns  particular  o  colec- 
tivo,  que  dstos  deberdn  ejecutar  a  su  exclusive  costo. 

Por  otra  parte,  no  estadl  dem^  recordar  aquf  que  la  inHuencia  que  las  numerosas 
lagunas  y  cafiadones  existentes  en  la  r^6n  ejercen  sobre  las  inundaciones,  quedari 
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conaiderablemente  aumentada  por  efecto  de  las  obraa  que  impiden  el  acceeo  de  las 
aguas  extrafias  a  la  zona,  aguas  que  antes  anulaban  aquella  influencia  casi  por 
completo. 

En  efecto:  como  consecuencia  de  esas  obras,  las  lagiinas  podr^  luego  y  bajo  ouft 
forma  segura,  ser  transformadas  por  las  particulares  en  verdaderas  reeervas  contra  la 
seqaia,  pues  las  pequefias  obras  que  a  eee  objeto  se  requieren  quedar^  a  ctibiecto 
del  peligro  de  ser  destruldas  por  las  inundadones. 

V.  Obrab  Rblattvas  a  La  Zona  Inxtndablb  del  Salado. 

La  principal  de  las  obras  relatlvas  a  esta  zona  esti  constituida  ^pat  la  segunda  parte 
del  Canal  colector  A,  cuyo  estudio  acabamos  de  hacer. 

Su  objeto  es,  de  acuerdo  con  lo  que  manifest&bamoa  al  exponer  nuestzo  plan,  8ub»> 
traw  de  la  cnenca  del  Salado  la  zona  alta  II,  dejando  asl  el  rfo  sujeto  6nicamente  a 
lo  que  hemoa  llamado  su  cuenca  baja,  constitufda  por  las  zonas  III  y  Illi  y  por  la 
que  hemes  deaignado  con  el  nihnero  V  que,  aunque  de  pendiente  algo  mayor,  68t4  en 
cambio  mis  alejada  de  la  desembocadura  del  rfo  y  de  la  zona  inundable  proplameote 
dicha. 

Esta  parte  de  la  cuenca  vendrfa  asf  a  quedar  constituida  por  Ice  teirenos  mds  hajo§ 
y  de  menor  peruhente  y  por  los  mda  aUjados  de  la  desembocadura,  que  son  tambi^n  loa 
mia  permeablee. 

En  cambio,  la  zona  II  que  sustraemos  e8t&  formada  por  los  terrenos  mds  aUo9,  de 
moyor  pendiente  y  mda  prdximoe  a  la  desembocadura. 

La  influencia  de  estas  dos  zonas  o  cuencas  parciales  sobre  el  regimen  del  rfo,  evi- 
dentemente  depende  de  los  caracteres  especfficoe  que  acabamos  de  sefialar  en  cuanto 
corresponde  a  su  situaci6n  icnogrdfica,  altura,  pendientes,  mayor  o  menor  proximidad 
a  la  desembocadura,  etc. 

Para  que  sea  m^  f&cil  apreciarla,  veamos  ante  todo  c6mo  serlan  las  crecientes  del 
Salado,  si  ^1  pudiera  estar  sujeto  a  cada  una  do  esas  cuencas  parciales  consideradas 
aisladamente. 

La  cuenca  baja,  estando  constitufda  como  acabamos  de  decirlo,  por  terrenos  de  poca 
pendiente,  de  mayor  permeabilidad  y  alejados  de  la  desembocadura,  tiene  todos  los 
caracteres  de  la  cuenca  de  los  rfos  llamados  de  r6gimen  tranquUo. 

La  afluencia  de  las  aguas  seria  lenta  y  gradual,  y  b61o  podria  dar  lugar  a  crecientes 
extendidas  o  alargadae,  m.  se  nos  permite  la  expreei6n,  de  larga  duraci6n  pero  de  poco 
caudal  unitario. 

Diffcilmente,  como  lo  hemes  de  ver  deepu^,  podrfa  por  si  sola  dar  lugar  a  derrames 
del  Salado. 

En  cambio,  la  zona  alta,  constitufda  por  terrenos  de/uerte  pendiente  y  de  fonna  con- 
centrada,  darfa  origen  evidentemente  a  crecientes  rdpidas  y  violentasy  por  lo  menos 
comparativamente  con  las  de  la  zona  anterior,  y  de  miLcho  mayor  caudal  unitario,  aun 
cuando  su  extensl6n  superficial  sea  menor. 

Estas  crecientes  tendrfan  gran  inQuencia  sobre  la  region  inundable,  precisamente 
porque  la  mayor  proximidad  de  la  zona  que  las  engendra  impide  que  ellas  puedan 
llegar  atenuadas,  y  se  asemejarfan  a  las  crecientes  de  los  rfos  llamados  de  rigimen  to- 
rrencial, 

Ahora  bien;  no  hay  para  qu^  decir  que  la  realidad  correeponderd  a  la  acci6n  conjunta 
de  esas  dos  causas,  que  podrdn  actuar  en  proporciones  variables,  pero  siempre  podria- 
mos  considerar  las  crecientes  del  Salado  como  fomiadas  de  dos  partes:  la  una  debida 
a  su  cuenca  baja,  que  serd  la  creciente  de  rigim^n  tranquilo,  y  la  otra  debida  a  su  cuenca 
alta  y  m^  pr6xima  a  su  desembocadura,  que  serfa  la  de  rigiw^en  torrencial. 

Y  es  evidente  que  esta  dltima  deberd  manifestarse  en  la  ciura  de  altura  o  de  de»- 
carga  del  rfo  por  bruscas  sobreelevaciones  o  entumescencias  de  la  misma,  en  id^ntica 
forma  en  que  lo  haria  iin  dnico  y  gran  afluente  de  regimen  torrencial  que  desembocara 
en  esa  parte  del  rfo,  con  el  cual  puede,  en  efecto,  compararse  por  su  acci6n  la  zona  II. 
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En  cambioi  la  creciente  de  regimen  tranquilo  se  caracterizard  por  bu  altura  cad 
constante  y  por  su  mayor  duraci6ii. 

Ahora  bieo ;  para  apreciar  mejor  la  influencia  de  la  reduccidn  de  la  cuenca  piimitiya 
cLel  Salado,  que  proponemoe,  yeamos^  num^ricamente,  cudl  serfa  la  acci6n  de  esas 
cLoe  cuencas  parciales  en  las  crecientes  del  mumo. 

No6  pondremos  en  el  cajso  de  las  dos  mds  grandes  crecientes  del  Salado,  las  de  1900 
y  1913,  por  lo  dem^,  las  dnicas  para  las  cuales  se  tienen  datos  Men  observados. 

HaremoB  nuestros  cdlculos  apllcando  la  f6rmula  del  ingeniero  Mercau. 

Para  ello  necesitamos  conocer  previamente  la  altura  de  la  lluvia  cafda  en  la  regjdn, 
la  superficie  de  ambas  cuencas  y  la  pendiente  media  coirespondiente  al  escurrimiento 
de  812S  aguas. 

£n  el  cuadro  que  siguen  agrupamos  las  observaciones  de  lluvia,  promedios  men- 
flualee,  correspondientes  a  los  afios  1900  y  1913,  tanto  para  la  zona  alta  II,  como  paim 
la  cuenca  o  zona  baja  del  Salado.  Las  estaciones  pluviom^tricas  que  figuran  en  ese 
cuadro  ban  sido  elegidas  de  mode  que  ellas  den,  lo  m^  aproximadamente  podble, 
la  niarcha  del  fen6meno. 

ZONA  ALTA  IL 
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Promedio  mensaaL.. 

126.1 
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40 
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La  superficie  de  la  zona  II  es,  como  antes  los  hemes  dicho,  de  16.600  kildmetroB 
cuadrados. 

La  de  la  zona  o  cuenca  baja  la  obtendremoe  restando  de  la  cuenca  total  del  Salado, 
que,  segtin  las  estimaciones  m^  exactas  y  concordantes  (Lavalle  y  M^ici,  Hueigo, 
Direcci6n  de  Desagties,  etc.),  es  de  70,000  kil6metros  cuadrados,  la  superficie  de  aqu^lla 
lo  que  noe  da  62,450  ]dl6metros  cuadrados.    Su  pendiente  media  es  de  0.00020. 

En  la  zona  II  el  escurrimiento  de  bus  aguas  corresponderfa  a  la  pendiente  media 
0.000933,  deducida  entre  las  cotas  18  y  210,  distantes  207  kil6metros. 

Con  ello  tenemos,  pues,  los  elementos  necesarios  para  nuestros  dUculos. 
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Veamos,  para  empezar,  cual  hubiera  sido  el  caudal  del  Salado  duiante  la  crecieiite 
de  1913,  la  m^  grande  observada  hasta  aqul,  si  61  hubiera  estado  sujeto  ttnicamente 
a  8u  cuenca  baja. 

De  acuerdo  con  las  observaciones  practicadas  en  Puente  Guerrero  (*),  esa  credente 
empez6  a  fines  de  agosto  y  Bubi6  bruscamente  hasta  adquirir  su  mitTinta  de  1,400 
metres  ctibicos  por  segundo  a  mediades  de  septiembre.  Fu6  produdda  por  las  Uuvims 
caidas  en  agosto. 

Ahora  bien;  durante  este  mes  las  lluvias  en  la  zona  baJa  del  Salado,  segtin  pnede 
verse  por  los  cuadroe  citados,  alcanzaron  un  promedio  de  105.2  milfmetroe,  y  por  lo 
tanto,  el  caudal  miximo  que  debi6  verter  sobre  el  Salado,  serht,  calculado  por  la 
Idrmula  del  ingeniero  Mercau: 

Q»C  V/  ^  h*^j0084t  4oM6iX6t,450Xtt5,t^^6  metros  ciMcot  por  Mgimdo. 

como  se  ve,  mucho  menor  que  el  caudal  mdximo  observado  (1,400  metros  ctibicos 
por  segundo). 

Se  habrfa,  pues,  obtenido  por  efecto  de  la  substracci6n  de  la  zona  II,  una  reduccite 
mayor  del  50  por  dento.     . 

Si  el  procedimiento  seguido  para  el  cilculo  fuera  exacto,  es  evidente  que,  agregando 
a  aqueUa  cilra  el  caudal  correspondiente  a  la  zona  II,  calculado  en  la  misma  forma, 
deberfamos  obtener  el  caudal  nUlximo  observado. 

Aplicando  la  f6rmula  a  la  zona  It,  y  tenkndo  en  cuenta  que  durante  el  mes  de  agosto 
la  lluvia  caida  en  esa  zona  fu6  en  promedio  de  172  milf metros  (v6ase  el  cuadro  dtado), 
tendremoe: 

Q^O.00842  -^0.0009SSX15y650X172=776  metros  cdbicoi  por  tegundo, 

como  caudal  que  debi6  verter  esa  zona,  el  que,  sumado  con  el  anterior,  noe  da  1,431 
metros  ctibicos  por  segundo,  que,  como  se  ve,  apenas  difiere  del  observado. 

Pero  como  esto  pudiera  ser  una  coinddenda,  deede  que  no  es  posible  pretender 
ni  ezigir  de  esa  fdrmula  una  exactitud  casi  matemAtica,  que  estamos  por  lo  dem&B 
lejos  de  atribuirle,  veamos  si  sus  resultados  se  justiflcan  aplicdndola  a  la  credente  de 
1900,  y  si  podemos  apredar  tambi^n  aqui  la  infiuenda  que  ha  tenido  en  ella  la  zona 
altall. 

Como  hemes  dicho  antes,  a  esa  influenda  deben  atribuirse  laa  numerosas 
entumescencias  o  sobreelevadones  que  presenta  la  curva  de  deecarga  del  Salado 
correspondiente  a  eee  aflo  y  a  Puente  Guerrero. 

Tomemos  la  primera  que  figura  en  61,  la  de  junio  de  1900,  en  cuyo  mes  correspondid 
a  la  zona  alta  una  lluvia  de  50  millmetros  como  promedio. 

A  esa  lluvia  debi6  corresponder,  de  acuerdo  con  la  formula  del  ingeniero  Mercau, 
un  caudal  de  225  metres  cdbicoe  por  segundo.  Basta  observar  el  piano  para  ver  la 
notable  concordancia  que  hay  entre  la  cifra  calculada  y  la  observada. 

Tomemos  la  slguiente,  de  agosto  de  1900;  la  lluvia  media  en  la  zona  alta  fu6  de  84.5 
millmetros;  aplicando  la  mimoa  f<!)rmula  obtenemoe  381  metres  ctibicos  por  segundo, 
que  coindde  igualmente  con  el  date  observado. 

Si  pasamos  finalmente  a  la  de  octubre  de  1900,  tenemos  que  en  la  zona  alta  la  lluvia 
media  fu6  de  136  mlKmetros;  aplicando  la  misma  f6rmula,  obtenemoe  un  caudal  de 
673  metros  ctibicos,  que  tambi6n  concuerda  con  el  observado. 

Pero  pedemoB  hacer  m^  atin  si,  como  lo  hlcimoe  para  la  credente  de  1913,  sumamos 
al  caudal  proreniente  de  la  zona  alta  el  caudal  calculado  para  la  baja  «a  id6ntka  forma, 
debemoe  tener  la  creciente  total  d^  Salado. 

(1)  V^ase  Umina.  Bn  ella  roprodooimos  las  otirvas  de  altora  7  de  deecarga  del  Salado,  oorrespondifliitn 
a  las  observadones  pracUoadas  en  Puente  VUlanaeva  7  Paente  Qtierraro,  dunoiM  los  afios  1960  7 1913.  Baas 
conms  nos  hansido  tedUtadas  por  la  Oflctoa  TAmica  de  la  DifeooldA  de  IHBa^Qei. 

En  toda  nneatia  escposloMA  aos  reCMmot  eaobiBivnMBte  a  laa  obatrvaolones  praotfoadas  en  Pmota 
OiXRero,  por  ser  el  panto  mAs  prdximo  a  la  desembocadora  del  rio  7  por  lo  tanto  el  qoe  mejor  idea  da  del 
fendmeno. 
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Para  no  repetir  tanto  eete  dUculo,  lo  haremos  solo  para  agoeto  de  1900  y  tenemoe: 
en  la  zona  baja,  la  lluvia  de  agoeto  fud  en  media  de  114  miliinetroe,  a  la  que  correaponde 
iin  caudal,  calculado  tambidn  por  la  formula  citada  de  715  metroe  ct^bicos  por  s^undo, 
que,  9umado  con  el  proveniente  de  la  zona  alta,  que  como  acabamoB  de  ver  era  de  381 
metros  cdbicoe,  nos  da  1,096  metros  cdbicoe  por  segundo,  que  coincide  con  el  observ^o 
en  eee  mes,  que  i\x6  de  1,030  metros  ctlbicos  por  segundo. 

Como  se  ve,  hay  pues  mucha  concordanda  entre  loe  datos  calculadoe  y  loe  observados. 

Ello  nos  comprueba  que  mediante  la  aubstracci6n  de  la  zona  alta  II,  puede  pues 
obtenerse  una  notable  reducci6n  en  las  crecientes  del  Salado. 

Esa  reducci6n  seri  adn  mayor  si  recordamos  que  en  virtud  de  las  obras  de  ensanchey 
prolundizaci6n  que  propenemoe  para  el  cauce  inferior  del  Salado,  la  capacidad  de 
descarga  del  mismo  ha  de  quedar  considerablemente  aumentada. 

Por  otra  parte,  la  accii^n  moderadora  de  las  lagunas  de  la  Boca  y  de  la  Tlgra  fobre  las 
crecientes  del  Salado,  acci6n  reconocida  por  todos  los  que  se  han  ocupedp  de  estgs 
estudios  (Lavalle  y  M^ci,  Departamento  de  Ingenieroe  NystrOmer,  etc),  ha  de 
quedar  por  ef  ecto  de  la  diminucidn  operada  asl  en  el  caudal  del  Ho,  considerablemente 
aumentada. 

Igualmente  la  acci6n  del  canal  n^mero  15,  o  aliviador  del  cauce  inferior  del  Salado, 
que  antes  debla  ejercerse  sobre  crecientes  muy  grandes  (1,400  metros  ctibicos  por  segun- 
do), y  ante  las  cuales,  16gicamente,  muy  poca  influencia  podia  ejercer  la  substraccidn 
de  los  230  metroe  ctibicos  por  segundo  que  r^resenta  su  eapaddad  migdma,  quedari, 
del  mismo  modo,  considerablemente  aimientada,  y  puede  dedrse  que  recUn  9erd  eUa 
eJUienU,  desde  que  deber&  ejercorse  sobre  crecientes  de  mucho  menor  caudal,  oom- 
prendido  entre  600  y  700  metros  c^bicos  por  s^^undo,  como  acabaraos  de  verlo. 

Pero,  como  quiera  que  fuera,  nos  hemos  puesto  tambi^n  en  el  case  de  que  nuestne 
previsiones  pudieran  fallar,  y  a  tal  objeto  proponemos,  ceno  una  re^randia  de  seguridad 
el  cierre  de  los  portezudos  que  dejan  entre  sf  los  albardo&es  naturales  dieeoBtfn«o8  del 
cauce  inferior  del  Salado  a  partir  de  la  laguna  de  La  Tigra  hasta  su  desembocadtna, 
mediante  pequefios  diques  de  tierra  de  altuia  media  de  dos  metres,  que  de  este  modo 
impedirian  el  desborde  de  sus  aguas  sob/e  las  zonae  ad  yacentes. 

La  longitud  media  de  eeos  diques  la  eetimamos  en*80  ldl6metros,  dando  a  su  seeoidn 
trans veisal  las  dimensiones  siguientes:  ancho  del  coronamiento,  3  metros;  talod  del 
lado  del  Salado,  1:  5,  y  exterior  de  1:  2. 

Su  8ecci6n  media  seria  asf  de  20  metros  cuadrados,  y  se  requiriiia  por  lo  tanto,  un 
movimiento  de  tierra  de  1,600,000  metros  cAbicos. 

M^  atin:  si  al  hacer  el  estudio  definitivo  de  estas  obras,  o  si  nueves  o  mejons  dates 
que  los  muy  escasos  y  deficientes  de  que  hemos  podido  disponer,  demostraran  la  con- 
venlenda  de  subetraer  mayor  zona  de  la  cuenca  dd  Salado,  nada  serla  m6s  tteil  que 
I»rolongar  el  Canal  colect(»r  A,  hasta  oaptar  d  airoyo  de  Las  FIcmpss  o  el  Vallimanca,  por 
ejemplo. 

No  habrfa  en  ello  la  menor  dificultad ,  pues  tina  de  las  caracteriitieas  de  las  obras  que 
proponemos  es  precieamente  la  de  poder  ser  ejecutadas  por  partes  o  ampliadas  ain 
aingdn  inconv^aiente. 

Para  el  primer  caso  se  necesitaria  la  ejeeuci6n  de  12  kiltSmetros  m^  de  aquel  canal, 
con  un  coeto  insigniAcante,  alrededor  de  800,000  pesos,  que  puede  desde  luego  oob- 
sideraise  computado  dentro  de  nuestro  presupuesio,  dada  la  amplitud  con  que  61  ha 
side  calculado.  No  habrla,  por  otra  parte,  inconveniente  de  (»den  t^cnieo,  por  cuanto 
la  capaddad  del  Canal  colector  permite  sobradamente  el  pequefio  aumento  dd  caudal 
que  ello  le  reportarfa. 

La  prolongaci6n  hasta  el  Yallimanea  exjgir^  una  suma  algo  mayor,  600,000  pesos, 
pero  no  creemos  que  ella  fuem  necesaiia. 

Ahora  blen;  como  complemento  de  estas  obras  {Hx^nemos  la  ejecudidn  del  pequefio 
canal  conaignado  en  ei  piano  (I.<6mina  I)  con  d  ncMnbie  de  Oanal  B,  cuyo  objete  es  servir 
de  colector  a  las  aguas  locales-de  la  zona  III,  UeYAndolas  hada  la  laguna  de  la  Boea,  e 
impedir  al  mismo  tiempo  su  derrame  sobre  la  zona  IV. 
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Su  tipo  68  andlogo  al  del  Canal  colector  A. 

Estd  const! tuldo,  como  puede  verse  en  la  limina  8  por  un  canal  excavado,  de  secci6n 
variable  de  6.50  metres  cuadrados  que  tlene  en  su  origen  (empalme  con  el  terrapl^n 
del  canal  ndmero  9)  a  33.615  metros  cuadrados  que  tendrfa  a  su  desembocadura  en  la 
laguna  de  la  Boca,  limitado  por  su  margen  dereoha  por  un  terrapl^n  de  altura  variable 
de  1  metro  a  2.70,  que,  a  su  vez,  empalmarla  con  los  albardonee  naturales  del  Salado,  a 
favor  de  los  pequeflos  diques  de  que  antes  hemos  bablado. 

La  con8trucci6n  del  canal  y  terrapl^n  exigiria  un  movimiento  de  tierra  de  658,500 
metros  cdbicos. 

Por  otra  parte,  y  como  lo  dijimos  al  ocupamos  de  la  zona  IV,  proponemos  tambi^ 
aquf  la  ejecuci6n  de  obras  de  desagUe  local  del  mismo  tipo  que  sefialamos  para  aquella 
y  comprendemos  igualmente  como  obras  complementarias,  toda  la  parte  de  la  red 
actual  de  canales  situados  dentro  de  la  zona  que  nos  ocupa,  red  que  resulta  asi  Integra- 
mente  utilizada. 

Finamente,  agregaremos  que  en  virtud  de  las  conexiones  existentes  entre  la  cuenca 
del  Balado  y  la  del  Samboromb6n,  las  obras  relativas  a  la  primera  indirectamente 
beneficiai&n  a  esta  <iltima,  a  tal  punto,  que  en  ella  quizd  no  sean  requeridas  aino 
pequefias  obras  de  caricter  local. 

VI.  Brxvb  Rxsttmbn  Sobrx  la  Capacidad  de  dbscaboa  del  Canal  Colbctos — 

iNDBMNIZAaONBS  A  PaQAR  POR  OCUPACldN  TrANSTTOBIA  DE  TbRRBNOS. 

Al  hacer  el  dUculo  del  Canal  Colector  A,  hemos  distinguido  tres  clases  de  caudales: 

1^  £1  eaudal  mMmo  probable,  que  hemos  estimado  en  1,500  metros  cdbicoe  por 
aegundo. 

2^  El  eaudal  mdximo  mpueito  para  d  odlculo,  de  3,063  metros  cdbicos  por  segondo. 

3^  £1  caudal  coirespondiente  a  la  capacidad  m&xma  del  canal,  7,500  metros  cdbicos 
por  s^gundo. 

Esta  distincidn  tiene  Importancia  porque  ella  nos  va  a  dar  el  criterio  con  que  dd>a 
abonarse  la  indemnizaci6n  que,  por  el  terreno  ocupado,  en  su  mayor  parte  86lo  tsansi- 
toriamente,  por  las  aguas  del  canal,  creemos  justo  y  equitativo  abonar  a  los  pro- 
pietarios. 

En  la  limina  5,  con  el  titulo  de  Diagrama  del  Canal  colector  A,  resumimoe  los 
elementoe  principalee  del  mismo. 

La  Unea  ^  y  las  cifras  indicadas  en  ella,  dan  el  ancho  de  la  superficie  ocupada  por 
las  aguas  del  canal,  en  el  case  del  caudal  mdximo  supuesto  para  el  dU^ulo,  al  cual 
corresponden  las  cifras  de  la  Unea  a. 

Ah<»a  Men;  evidentemente,  no  serfa  justo  abonar  esas  indemnizaciones  en  el  con- 
oepto  de  ese  caudal,  simplemente  supuesto  al  objeto  de  colocamos  en  un  caso  llmite,  ni 
menos  adn  en  relacidn  a  la  capacidad  maxima  del  canal. 

Lo  equitativo  serfa  basarse,  cuando  mucho,  sobre  el  caudal  m4ximo  probable. 

En  este  caso  y  i>ara  el  gasto  de  1,500  metres  cdbicos  por  segundo,  la  extensidn 
ocupada  por  las  aguas  en  la  proximidad  del  kil6metro  0  donde  ella  serfa  maxima, 
tendrla  an  ancho  de  3,500  metros,  y  el  espesor  de  la  capa  de  agua  serfa,  como  se  com- 
prende,  decredente  a  medida  que  nos  apart^isemos  del  terrapl^n.  A  los  1,000  metzos 
del  terrapl^n  (\  serfa  de  metros  1.^,  a  los  dos  kil6metros  de  metros  0.86  y  a  los  tres 
kildmetros  de  solo  29  centimetros. 

Oomo  no  serfa  justo  pagar  la  misma  indemnizaci6n  a  terrenes  que  resultan  asf 
sujetoe  a  diferentee  alturas  mjlximafl  y  a  contingencias  tambi^n  may  dif erentes  en 
coanto  a  la  frecaenda  y  daraci6n  de  la  samersi6n,  hemos  descartado  la  zona  que  se 
eztiende  mds  alU  del  panto  donde  las  aguas  adquieren  el  espesor  de  metros  0.30, 
Bona  en  que  el  espesor  medio  de  las  aguas  serfa  de  solo  15  centimetres,  y  en  la  que 
jastamente  por  ser  la  zona  extrema,  seria  tambi^n  menor  la  pomanencia  de  las  aguas. 

De  este  modo  el  ancho  m^mmo  de  la  zona  a  indemnizar  quedarfa  reducido  a  3,000 
metros  en  la  parte  pr6xima  a  la  desembocadura  del  canal  (kildmetro  0),  y  como  en 
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6U  origen  (kil6metro  300)  61  serfa  pr^tlcamente  ntilo,  podemos  tomar  aproximada- 
znente  como  ancho  medio  de  la  misma^la  mitad  del  ancho  m&xiino,  o  eean  1,500  metros, 
en  cuyo  caso  la  superficie  total  a  indemnizar  seria  de  45,000  hect^eas.  (V^ase  llnea/ 
del  piano  citado.) 

Una  ayaluaci6n  m^  exacta  de  esaBuperficle  no  es  por  el  memento  necesaria,  desde 
que  mayor  influencia  tiene  el  precio  a  pagar  por  hect^ea,  y  a  este  respecto  vamoe  a 
colocamos  en  iin  punto  tal  que  nos  ponga  a  cubierto  de  cualquier  eventualidad  en  el 
presupueeto. 

Las  inundaciones  en  la  Provincia,  si  bien  a  vecee  desastrosas,  no  son,  felizmente, 
de  una  frecuencia  tal  que  haga  desesperante  la  aituacidn.  Las  probabUidades  de 
que  esos  terrenos  Uegaran  a  ser  afectados  por  las  aguas  que  rebaaen  del  canal  excavado 
eon,  por  lo  tanto,  muy  limitadas.  Podrfa  quizd  admitirse  que  eisa  probabilidad  fuera 
del  mismo  orden  que  la  que  creemos  se  ha  atribuldo  alguna  vez  a  las  inundaciones 
mismas,  o  sea  la  que  correeponde  al  ciclo  de  las  manchas  solares,  de  once  ailos,  o  si  se 
quiere,  como  algunos  lo  ban  sostenido,  de  siete  afios.  Una  8umer8i6n  asf,  a  perfodos 
tan  laigos,  no  representa  ciertamente  un  perjuicio  grave  para  los  propietarios;  podrfa 
serlo  para  alguno  que  tenga  una  propiedad  de  extensiiSn  reducida  y  pr6xima  al  canal, 
I>ero,  evidentemente,  eeto  no  puede  constituir  la  regla  general. 

Pero,  repetimos,  al  computar  esas  indemnizaciones  queremos  colocamos  en  el 
caso  mis  deafavorable  y  admitiremos  120  pesos  por  hect^ea  como  el  precio  medio 
que  podrfa  pagarse  por  la  ocupaci6n  transitoria  del  terrene,  quedando  los  propietarios 
con  el  dominio  del  rtdsmo. 

€k>mo  se  ve,  este  precio  representa  caai  el  valor  fntegro  del  terrene. 

De  este  modo  y  como  se  estableceri  en  el  presupuesto,  la  indemnizaci6n  total  a 
pagar  serfa  de  5,400,000  pesos  moneda  nacional. 

VII.   COSTO   PROBABLE  DE  LAS  OBRAS. — ^PrESUPUESTO  DE  MAXIMA. 

Ni  el  caricter  de  este  trabajo,  ni  los  elementos  de  que  hemos  dispuesto,  permiten 
formular  un  presupuesto  complete  de  las  obras,  ni  61  ee  tampoco  necesario  para  que 
pueda  apreciarse  desde  luego  su  costo  probable. 

Creemos  que  a  eee  objeto  es  suficiente  el  presupuesto  de  mdxima  que  formulamoe 
al  finalizar  este  capfttdo. 

1^  ha  side  hecho  respondiendo  al  verdadero  sentido  que  debe  asignarse  a  esa  ex- 
presidn,  es  decir,  tal  que  represente  el  costo  probable  tndximo  de  las  obras. 

Como  podrit  verse  observando  ese  presupuesto,  los  movimientos  de  tierra  corree- 
pondientes  al  Canal  colector  A,  llegan  a  18,046,000  metroe  cdbicos.  Si  esa  dfra 
pudiera  parecer  elevada,  lo  serfa  en  virtud  de  haber  admitido  para  el  terrapl6n  del 
canal  dimensiones  tales  que  le  dan  una  absoluta  y  completa  seguridad.  Ella  pudo 
haber  side  reducida  fdcilmente  a  la  mitad,  si  nos  hubidramos  contentado  con  el  maigen 
de  seguridad  comdn  en  esta  clase  de  obras;  pero  son  tan  valioeos  los  intereses  a  defender, 
que  no  creemos  que  sea  justa  la  economfa  que  asf  podrfa  hacerse. 

En  cuanto  a  los  precioe  unitarios  que  adoptamos,  creemos  tambi^n  que  ofrecen 
completa  seguridad,  y  no  dudamos  que  si  las  obras  definitivas  se  sacaran  a  licitaci6n 
de  acuerdo  con  ellos,  se  obtendrfa,  lejos  de  un  aumento,  una*  disndnuci6n  en  los  mismoe. 

Para  el  canal  colector  hemos  admitido  pesos  0.80  como  precio  del  metro  ctibico  de 
movimiento  de  tierra,  importando  por  lo  tanto  los  relatives  a  este  canal,  pesos  14,436,800 
moneda  nacional. 

Agr^ando  a  esta  cifra  el  costo  de  los  movimientos  de  tierra  correspondientet  al 
canal  B  y  a  las  obras  a  realizar  en  el  Salado,  se  llega  a  un  total  de  pesos  16,584,825 
moneda  nacional,  como  importe  de  los  movimientos  de  tierra  correspondientee  a  las 
obras  prindpales. 

Como  podrd  obseryarse,  para  el  canal  B  se  admite  un  precio  menor  por  movimientos 
de  tierra;  ello  es  debido  a  que  se  trata  de  un  canal  de  dimensiones  reducidas,  en  que 
el  transporte  y  elevacion  de  las  tierras  son  pequefias. 
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Lo  haremos  solo  deede  dos  pantos  de  vista:  primero,  en  coanto  correeponde  a  la 
capacidad  de  las  obras  para  el  desagde  y,  en  segundo  lugar,  en  relaci6n  a  sa  coeto. 

Con  respecto  al  primer  punto,  s<flo  podemoe  relerimos  a  las  obras  acta  alee,  las  tinicas 
cuya  capacidad  es  bien  definida. 

Snpuestos  todos  los  canales  actuales  completamente  Uenos,  la  capacidad  m^Tima 
de  las  obras  actuales  destinadas  a  la  eliminaci6n  de  las  agoas  altas  o  extrafias  a  la  region 
a  desagoar,  es  de  586  metros  cdbicos  por  segundo,  distiibuldos  asf : 

Canal  n(im.  9 216  metros  cdbicos  pat  segondo 

Canal  ntim.  1 136  metros  cdbicoB  par  segondo 

Canal  n<im.  2 114  metroe  cdbicos  por  eegundo 

Canal  ndm.  5 120  metroe  ctibicos  p<v  segundo 

Total 586  metros  ctibicos  por  segondo 

a  la  coal  corresponde  on  desagOe  diario  mdximo,  inferior  a  51,000,000  de  metros 
ctkbicos. 

Ahora  bien;  la  capacidad  m^Tima  de  las  obras  propuestas  con  id^tico  fin,  repre- 
sentadas  por  el  canal  colector,  es,  como  hemes  visto,  mayor  de  7,500  metros  ctibicos 
por  segondo.  A  ella  corresponderfa  por  dia  on  desagde  de  648,000,000  de  metros 
cdbicos,  o  sea  mis  de  doce  y  media  veces  mis  grande  que  la  capacidad  maxima  de  Imb 
obras  actuales. 

Si  se  quisiera  juzgar  del  coeto  de  ambas  soluciones,  no  se  podria  compaiar 
0US  valoree  absolutos,  desde  que  son  tan  diferentes  las  capacidades  de  descaiga 
correspondientee.  Nos  pondremos,  pues,  en  el  caso  de  que  esas  capacidades  fuerui 
las  mismas,  y  para  ese  objeto  nos  bastari  establecer,  aunque  solo  sea  aproximada- 
mente,  el  costo  que  tendr^  un  canal  de  tipo  anilogo  al  canal  colector  y  de  capacidad 
igual  a  la  de  las  obras  actuales. 

Lo  supondremos  atin  mayor:  por  ejemplo,  de  700  metros  ctibicos  por  segundo. 

En  esas  condidones,  el  canal  tendrla  un  tirante  de  agua  miximo  de  metros  1.40,  y 
supuesto  limitado  por  un  terrapl6n  de  tipo  anilogo  al  del  canal  colector,  exigirla  un 
movimiento  de  tierra  de  4,600,000  metros  ctiblcos,  que  al  precio  de  pesos  0.80  el  metro 
cdbico  importarfa  pesos  8,680,000  moneda  nacional. 

Agregando  por  concepto  de  obras  de  arte,  etc.,  un  50  por  ciento,  llegariamos  a  un 
coeto  miximo  de  pesos  5,520,000  moneda  nacional  para  toda  la  obra,  como  se  ve, 
incomparablemente  menor  que  el  de  las  actuales. 

No  hay  para  qui  agregar  que  esa  dlferencia  tan  notable  en  el  costo,  depende  esendal- 
mente  del  tipo  de  obras  propuesto. 

Pero  veamos  ahora  cuil  seria  el  costo  de  las  demis  soluciones  examinadas,  en  el 
caso  de  que  su  capacidad  fuera,  si  no  la  mixima  a  que  llegan  las  obras  propuestas,  por 
lo  menos  la  que  nos  ha  servido  para  su  cilculo,  3,063  metros  cdbicos  por  segundo. 

La  primera  y  mis  comunmente  enunciada  es  la  que  pudiiramos  Uamar  de  lo8 
''canales  excavados,'*  es  decir  desprovistos  de  terraplenes,  de  mode  que  las  agusB 
pudieran  llegar  a  elloe  con  toda  facilidad. 

Supongamos  que  tales  canales  debieran  realizarse,  y  para  fijar  las  ideas  podemoB 
admitir  que  su  longitud  media  sea  la  misma  que  la  longitud  media  de  los  canales 
actuales  antes  citados,  o  sea  de  155  kilimetroe,  ello  seria,  por  lo  demas,  equivalente  a 
ensanchar  el  lecho  menor  de  los  mismos  sin  recurrir  al  lecho  mayor  que  forman  fius 
terraplenes. 

En  tal  caso  y  admitiendo  que  la  velocidad  media  del  agua  en  los  mismos  fuera  de 
60  centimetres  por  segundo,  la  secci6n  total  de  los  canales  deberia  ser  en  cifras  redondas 
de  5,100  metros  cuadrados,  y  debiendo  ser  su  largo  medio,  como  hemes  dicho,  de  155 
kil6metroe,  se  requeriria  un  movimiento  de  tierra  de  790,500,000  metroe  ctibicos,  que, 
al  precio  de  pesos  0.80  el  metro  cdbico,  importaria  632,000,000  de  pesos  moneda  nacioofti* 

Y  si  a  il  agregamos  el  coeto  de  las  obras  de  arte  neceearias,  y  en  este  caso  muy  im- 
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portantes,  las  expropiadonee  a  pagar,  etc,  Uegarfamoe  8eg:uramente  a  una  cifra  mayor 
de  ochoeientos  millones  de  pesos  moneda  nacUmal. 

Otra  de  las  solucionee  que  hemos  examioado,  ha  sido  la  construcci6n  de  embalses 
en  la  zona  alta,  ya  sea  para  regular  la  descarga  por  canales,  o  como  medio  para  eliminar 
las  crecientes  absorbiendo  fntegramente  el  agua  inundante. 

Sin  entrar  en  consideraoionee  de  otro  orden,  nos  vamoe  a  limitar  a  un  brevidmo 
aniilisiB  de  su  oosto  probable. 

Noe  pondremos  en  el  dltimo  case  citado,  y  supondremos  que  deban  ^stos  construirse 
con  capacidad  suficiente  para  retener  las  aguas  provenientes  de  las  zonas  altas  I  y  II, 
68  decir,  las  mismas  aguas  que  elimina  y  Ueva  al  mar  el  Canal  Coledor  A, 

La  superfide  total  de  esas  zonas  es,  como  sabemos,  de  34,670  kil6metros  cuadrados, 
o  sean  3,467,000  hectdreas. 

La  Uuvia  media  anual  en  las  mismas  fu^  de  1,209  milfmetros  en  1900.  Admitamos 
que  fnera  la  maxima  observada  (podrla  no  serlo);  con  relad6n  a  ella  deberlamos 
calcular  la  capaddad  de  eeos  embalses. 

Si  multiplicamoe  eea  altura  por  la  superfide  de  la  cuenca,  tendremos  d  total  de 
agua  cafda  en  la  misma  durante  ese  afio,  o  sea,  en  cifras  redondas,  42,000,000,000  de 
metros  ctibicoe,  de  loe  cuales  habria  que  deducir  las  p^rdidas  por  evaporad6n  y 
abeord6n  del  terreno. 

Supongamos  que  ^tas  fueran  tan  grandee  como  se  quiera,  o  lo  que  equivale  a  lo 
mismo,  que  el  coefidente  de  derrame  fuera  muy  pequeiio,  por  ejemplo  0.50.' 

En  este  case,  la  capaddad  total  de  los  embalses  deberla  ser  de  vevntiiin  md  millones 
de  metros  dUricos, 

Ahora  Men;  y  d,  para  ser  breves,  en  la  valuad6n  del  coeto  de  esos  embalses,  admi- 
timoe  que  el  costo  por  metro  ctkbico  embalsado  fuera  s61o  de  dos  centavoe,  es  decir 
el  menor  posible,  tendrlamoe  que  el  eosto  minimo  de  las  obras  seria  superior  a  cuatrO' 
dentos  miUones  de  pesos  moneda  nacional. 

Ante  esas  cifras,  no  creemos  que  sea  necesario  insistir  sobre  la  enorme  superioiidad 
que  en  ese  concepto  ofrece  la  soluci6n  que  proponemos. 


HARBOR  AND  PORT  TERMINAL  FACILITIES  AND  WORKS. 

By  H.  MoL.  HARDING, 
President  Society  of  Terminal  Engineers,  New  York  City, 

To  create  a  satisfactory  interchange  of  commerce  between  the  States  of  the  Pan 
American  Union,  it  is  necessary  not  only  that  there  be  a  large  merchant  marine  for 
the  carriage  of  goods  and  commodities  between  xx)rts,  but  that  there  should  be  such 
harbor-terminal  fttcilities  and  works  as  will  secure  the  greatest  speed  and  economy  in 
cargo  transference  (loading  and  unloading)  between  vessel  and  shore  and  in  the 
handling  (assorting,  distributing,  and  tiering)  upon  the  shore,  not  only  eqtial  to,  but 
superior  to,  any  harbor  works  and  equipment  in  the  world. 

INFLX7BNCB  OV  TBBHINAL  COSTS. 

The  cost  of  transportation  from  the  place  of  origin  to  the  place  of  consumption 
generally  limits  the  area  within  which  business  can  be  done. 

The  boundary  of  this  area  determines  from  how  far  raw  material  fbr  manufacturing 
can  be  brought  and  to  what  distance  the  final  products  can  be  transported. 

Many  manufacturers  in  the  United  States  can  not  sell  in  competition  outside  a 
dearly  defined  area.  If  the  cost  of  transportation  be  so  vital  to  domestic  trade  within 
the  near-by  limits  of  one  country,  how  much  more  important  is  it  to  competitive  foreign 
c  ommerce  embracing  foreign  countries  far  more  remote. 

>  A  nnestro  JukJo  ese  ooefldente  deberla  ser  por  lo  mcnot  0.70. 
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It  has  been  well  said  that — 

He  who  can  most  economically  and  quickly  reach  the  markets  of  the  world  can 
control  the  commerce  of  the  world.  A  decrease  in  transportation  expense  not  only 
facilitates  commerce,  but  creates  commerce  and  manufacture. 

GOMMBBCIAL  SXJFREM1.CT. 

The  foreign  trade  of  a  country  or  a  city  is  great  as  the  country  or  city  develops 
facilities  for  the  passage  of  commerce  through  its  gates,  and  its  very  existence  as  a 
foreign  trade  power  may  therefore  depend  upon  its  transportation  efficiency. 

TERMINAL  FACILITIES. 

Transportation  efficiency  has  long  been  recognissed  by  those  countries  which  were 
the  leaders  in  foreign  commerce  as  a  terminal  problem,  and  their  main  purpose  has 
been  to  obtain  the  utmost  development  of  terminal  facilities  for  the  economical  and 
rapid  transfer  between  vessel  and  shore  and  also  to  obtain  the  greatest  return  from 
the  marine  terminal  investment  in  quays  and  piers,  machinery,  and  buildings  and 
yet  reduce  the  port  charges  to  such  low  figures  that  they  will  not  be  a  burden  on 
commerce. 

The  terminal  costs  are  often  one-half  the  transportation  costs,  and  at  the  tenninals 
it  is  easily  possible  to  effect  at  once  the  greatest  economies,  benefiting  the  producer 
and  consumer,  thereby  establishing  and  retaining  enduring  trade  relati<nis. 

•Hm'  DETENTION. 

After  the  costs  of  production  or  of  manufacturing  have  been  reduced  to  the  mini- 
mum, including  delivery  by  developed  inland  water  transportation  or  by  rail  from 
the  point  of  origin  to  Ihe  place  of  ocean  shipment,  then  loom  up  the  marine  terminal 
'Charges,  which  so  greatly  affect  the  buyer  and  seller  and  are  of  equal  importance  to  the 
transportation  company  in  securing  the  reduction  of  the  time  that  the  ship  is  detained 
lit  the  port.  Often  heavy  freight  charges  are  added  to  what  otherwise  would  be 
regular  rates,  to  cover  these  long  detentions. 

This  elimination  of  the  unnecessary  delays  at  terminalt  which  are  due  to  lack  of 
&cilities,  may  mean  to  the  shipowners  the  difference  between  profit  and  loss,  and  to 
the  shipper  and  consignee  early,  timely  sales,  often  enabling  an  additional  turning 
over  of  capital  made  during  the  season  of  greatest  profit. 

At  all  ports  it  should  be  possible  so  to  coordinate  the  inland  rail  or  water  cairian 
with  the  ocean  transport  as  to  secure  the  greatest  rapidity  of  transference  for  the  oat- 
bound  freifljit  between  car  and  vessel,  and  in  the  case  of  the  inbound  freight  between 
veesel  and  the  shed  where  the  caigo  is  to  be  assorted,  distributed,  and  tiered. 

It  is  strongly  urged  that  for  foreign  commerce  nothing  should  be  left  undone  to 
reduce  the  ship's  detention  to  the  minimum. 

RApmrrY  of  transfebencb  due  to  tebhinal  dbsiqn. 

A  ship  should  be  loaded  at  the  port  of  origin  quickly  and  easUy  and,  arriving  at  its 
port  of  destination,  the  cargo  ^ould  at  once  be  discharged  rapidly  with  the 
friction  and  then  the  ship  be  reloaded  at  an  equal  speed  and  cleared  fov  its  i 
voyage. 

The  above  can  be  attained  by  the  correct  designing  of  the  pott  terminate  and  w«kB 
and  by  adopting  those  facilities  which  at  ail  ports  have  proved  the  most  eAcient,  and 
improving  and  adapting  them  to  the  conditions  of  the  ports  of  the  Fan  Amfrifa 
Union. 

Similarity  in  design  and  equipment  between  the  shipping  and  receiving  ports 
greatly  facilitates  this  essential  speed. 
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SIMUjftaTUB  IN  PORT  DESIGNS. 

Fortunately,  there  are  now  accepted  by  the  advanced  terminal  engineers  princi- 
ples of  port  planning  and  appliances  which  when  followed  will  increase  the  workable 
value  of  each  lineal  foot  of  present  quay  or  pier  frontage  at  least  three  times,  and  with 
a  corresponding  decrease  in  the  expense  of  transferring,  assorting,  distributing,  and 
tiering. 

If,  therefore,  such  correctly  planned  terminals,  similar  in  design  and  similarly 
operated,  can  be  installed  at  the  south  and  north  ports  of  the  Americas,  then  there 
can  be  confidence  that  tiie  terminal  delay  and  expense  will  be  at  a  minimum,  and  that 
not  only  will  there  be  a  most  favorable  interchange  of  exports  and  imports,  but  it 
will  be  difficult  for  any  superiority  to  be  attained  by  other  competing  ports  whereby 
there  can  be  any  reduction  in  transportation  charges. 

RELATION  OF  TERMINAL  EXPENSE  TO  CARRIAGE  EXPENSE. 

It  costs  as  much  or  more  to  handle  misc^limeous  cargoes  at  the  loading  and  discharg- 
ing terminals  as  the  ship  carriage  of  this  freight  for  a  distance  of  2,000  miles. 

TYFIGAL  TBRIOKAL  DESIGN. 

It  is  thd  intention  to  give  typical  terminals  which  when  modified  to  suit  local  con- 
ditions may  be  us^d  as  exaimples.  At  first  it  seems  necessary  to  give  a  few  reasons 
for  the  following  lecommefidaiions. 

BAIli  AND  WATER  COORDINATION. 

By  a  study  of  those  ports  which  stand  preeminent  for  terminal  success  in  transferring 
and  handling  miscellaneous  cargoes^  it  may  be  stated  that  at  such  placta  there  has  been 
a  c<)mplete  coordination  between  Water  and  rail;  that  it  has  been  posilble  for  the  ou  t 
bound  cargoes  to  be  transferred  with  the  greatest  rat)idity  ftom  the  oar  to  the  vessel, 
and  for  the  inbound  cargoes  to  be  assoHed  and  distributed,  ready  for  local  consump- 
tion, or  else  to  be  lolided  into  caM  to  beconie  through  freight  for  intmior  points. 

CONGESTION  POINTS. 

Tlie  one  great  calitidn  in  such  vessel  and  tBil  coordination  for  quick  movem^its  is 
to  a^oid  points  of  cDngestioil,  edt>ecially  with  tho  inboimd  freight.  Congestion,  as  all 
tradspOTtatiOn  officials  so  Well  know,  too  often  has  b^en  the  adverse  and  limiting 
iBctbr  of  what  otherwise  wdilld  have  been  a  terminal  With  speed  and  economy  in 
opetation.  Fof  inbound  ^aiQgOei,  one  o{  ffae  priiitipal  congestion  points  is  at  the  place 
of  deposition  uj^n  the  (^uky  or  {xier  directly  after  the  transference  from  the  vessel. 

When  thd  sh^  Winehes  or  dock  winches  arO  used  for  discharging,  either  alone  or 
in  connection  with  Oaoh  ether,  this  cohg^st&on  poii&t  is  jtist  Within  the  shed  door,  a 
spa^e  of  about  10  fMt  wide  by  6  feet  doep.  Tills  i^plie6  to  covered  quays  or  piers. 
Thil  congestion  is  geherilly  so  ihtense  that  it  is  difficult  to  keep  two  winches  working 
at  ohe  hatch  at  their  full  oapadty. 

There  are  other  congestion  points,  at  all  of  which  places  the  freight  must  be  kept 
continually  moving,  and  by  machinery,  if  economy  is  to  be  observed. 

QUAY  TERMINALS. 

There  will  at  first  be  discussed  the  quay  terminals,  that  is,  those  parallel  to  the  course 
of  the  river  or  shore,  but  withou  t  projecting  piers.  Projecting  piers  correctly  designed 
are  equivalent  to  two  quay  walls,  back  to  back,  with  a  shedded  space  between. 

At  every  quay  terminal  there  should  be  two  principal  classes  of  buildings,  having 
entirely  different  functions;  one  is  the  shed  and  the  other  the  warehouse.  These 
are  of  different  design  and  construction. 
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TRAN8IT  8HBO.    ^ 

The  transit  w  tranafer  shed  should  be  a  steel  structure,  comparatively  nairoir  but 
high  studded,  one  story  and  well  lighted  in  every  part.  Its  length  is  about  equal  to 
four-fifths  of  the  length  of  the  longest  freighter  which  will  berth  opposite  to  it  and  its 
storage  capacity  equal  to  two  cargoes  of  such  a  freighter.  It  is  for  the  handling  of 
cargoes  and  a  place  of  intense  activity,  for  the  temporary  holding  of  goods  for  not  move 
than  48  or  72  hours.  It  is  not  a  storage  warehouse.  Generally  much  of  the  freight 
will  be  removed  as  soon  as  it  is  aonrted  and  distributed  acceding  to  consignee  or 


destination,  possibly  75  per  cent    The  quay  shed  should  be  placed  parallel  to  the 
shore ,  the  front  wall  being  at  a  distance  of  about  35  to  55  feet  from  the  water's  edge. 

WARBHOUSB. 

The  warehouse  is  of  four  or  six  stories  in  height,  somewhat  wider  than  the  shed,  of 
concrete  construction,  a  building  for  as  long  storage  as  may  desired.  Goods  therein 
stored  are  to  be  kept  safely.  Such  warehouses  have  all  modem  safety  appliances 
against  fire  and  theft.  ^  , 
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The  most  valuable  asset  of  the  port  terminal  is  its  berthing^water  frontage  to  a  depth 
of  about  250  feet  or  more,  back  from  the  quay  line  frontage.  Within  this  area  should 
be  constructed  the  warehouses. 

The  warehouse  being  for  long  storage,  often  of  months  duration,  since  the  goods 
may  not  be  moved  during  this  time,  should  not  usurp  the  position  or  function  of  the 
transfer  shed,  but  should  be  placed  to  the  rear  of  the  shed  and  parallel  to  it  for  the 
shortest  and  the  easiest  movement  between  the  two  buildings. 

In  general,  it  may  be  said  that  whereas  warehouses  are  of  many  stories,  the  best 
practice  at  freight  terminals  is  to  have  the  sheds  of  one  story,  on  account  of  light, 
freedom  from  internal  columns,  the  absence  of  elevators,  chutes,  and  other  floor 
occup3ing  appliances,  the  use  of  which  tends  towards  floor  congestion  and  reducing 
shed  capacity,  as  well  as  adding  a  greater  fire  risk  on  cargoes  stored  above  open  sheds 
than  when  they  are  kept  in  closed  warehouses.  The  making  the  upper  story  of  the 
shed  a  warehouse  has  not  been  successful  when  much  freight  is  to  be  handled.  The 
idea  of  using  one  story  of  a  shed  for  inboimd  caigoes  and  the  other  for  outbound  has, 
from  the  very  nature  of  freight  movements,  been  attended  with  many  difficulties 
wherever  tried. 

NO  HAILWAT  OAKS  IN  TRANSIT  SHED. 

From  the  inside  of  a  properly  designed  quay-side  freight  shed,  drays  and  railway 
cars  should  be  excluded  because  they  would  occupy  valu&ble  room  and  interfere 
with  the  freight  movements,  and  there  would  be  much  less  cost  for  shed,  the  rail- 
way tracks  being  outside. 

In  all  terminal  design,  it  is  important  before  making  the  plans,  to  decide  whether 
hand  trucks  are  to  be  used  or  mechanical  appliances  are  to  be  installed  assisted  to 
a  limited  degree  by  hand  trucks. 

TTPBS  or  MBOHANICAL  APPLIANCES. 

In  this  paper  it  is  the  intention  to  reconunend  the  latest  mechanical  appliances 
and  chiefly  those  which  are  the  most  universal  in  their  application — such,  tor  example, 
as  will  handle  a  piano  as  well  as  a  bag  of  rice,  will  occupy  no  floor  space  but  will  util- 
ize unoccupied  air  spaces  and  will  serve  every  cubic  foot  within  and  in  front  of  the 
shed  by  a  continual  rapid  succession  of  movements  and  without  manual  rehandling. 

RAILWAY  CONNECTIONS. 

Between  the  shed  and  the  water's  edge  there  should  be  two  or  three  lines  of  railway 
tracks. 

The  top  of  the  car  rails  should  be  even  with  the  pavement,  and  the  tracks  should 
not  be  depressed  so  as  to  bring  the  car  floors  even  with  the  shed  floor. 

Such  track  depressions  of  several  feet  below  quay  surfaces  or  levels  would  greatly 
restrict  the  use  of  the  large  motor  truck  for  city  service  and  also  the  utilizing  of  the 
small  motor  trucks  with  trailers  or  hand  trucks  for  easy  access  between  all  different 
parts  of  the  terminal. 

Between  the  sheds  and  warehouses  are  additional  lines  of  tracks  for  the  reception 
and  shipment  of  goods. 

All  the  tracks  from  sheds  or  warehouses,  as  far  as  the  lay  of  the  land  will  permit, 
should  be  laid  out  in  loops  in  preference  to  stub  end  tracks. 

INDUSTRIAL  COMMBRGB  AND  TRAN88HIPKENT  TERMINALS. 

The  usual  divisions  of  marine  terminals  are  industrial  or  local  tenninals  to  supply 
an  areaof  about  60 miles'  radius  from  the  terminal,  the  commerce  terminals  for  through 
freight  and  cargoes  for  or  from  interior  points  possibly  a  thousand  or  more  miles  distant 
from  the  terminal,  and  the  transshipment  terminals  for  cargo  movements  between 
vessel  and  vessel. 
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One  of  the  eesential  dififerencee  in  plan  is  that  the  larger  commerce  or  tfaiou^- 
terminal  comprises  many  more  miles  of  raOway  tracks,  often  15  or  more  miles,  and 
also  many  warehouses,  where  an  industrial  terminal  might  have  only  a  few. 

Bulk  cargo  terminals  generally  come  imder  the  head  of  commerce  terminals  mnd 
require  special  facilities  and  equipment. 

At  most  of  the  smaller  or  medium-sized  terminals,  in  the  beginning,  the  functiona 
of  both  the  industrial  and  commercial  terminals  are  united. 

COHPREHENSIVE  PLAN   IN  THE  BBOINNINO. 

In  designing  new  terminals,  there  should  be  a  comprehensive  layout  idiich  ahould 
indicate  the  future  units  and  be  a  plan  which  can  be  followed  when  exUamotm  are 
made.    A  place  as  near  as  possible  to  the  industrial  terminals  should  then  be  selected 


Sheds,  warthousw,  and  cranes 

for  commerce  terminals.    Such  separate  through  terminals  diould  be  developed  $a 
soon  as  the  industrial  terminal  is  congested. 

TERMINAL  ELEMENTS. 

The  elements  of  a  complete  marine  terminal  consist  of  piers,  slips,  quays,  rail- 
road tracks  and  various  railway  yafds,  sheds,  warehouses,  dray  areas,  open  storatge 
spaces  and  often  public  mai^ets,  cold-storage  buildings,  coal  pockets  and  manufac- 
turing lofts.  There  are  also  administration  buildin^^,  war^ouses,  and  open  are^s 
for  special  commodities. 

A  modem  terminal  may  comprise  even  more  elements,  but  these  are  enumerated 
so  as  to  indicate  the  principal  cargo  movements. 
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Top  of  quay  wall,  Beaumont,  Tex. 
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Rear  of  quay  wall,  showing  arji  to  be  filled  with  sand  pumped  from  the  river, 
Beaumont,  Tex. 
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FREIGHT  MOVEMENTS. 

The  following  are  the  principal  freight  movements,  or  methods,  which  require 
appliances: 

(a)  Between  the  ship  and  the  open  pier,  the  open  quay  and  the  shed  or  warehouse. 

(b)  Between  the  ship  and  other  ships  or  vessels  (tnmsshipments). 

(c)  Between  the  ship  and  cars,  (outboimd  freight.) 
{d)  Between  the  shed  and  the  warehouse. 

(0)  Between  the  ship  and  dray  and  open  areas. 

(f)  Between  the  cars  and  terminal  biiildings. 

(g)  Between  any  of  the  buildings  or  areas  within  the  termiij*^  "i**f®- 

TERMINAL  UNFTfl. 

Although  the  marine  terminal  consists  of  these  many  dements,  yet  for  convenience 
in  financing,  in  construction  and  in  operation,  a  terminal  is  now  divided  into  unit 
sections,  each  section  being  a  complete  workable,  income-producing  terminal  unit, 
similar  to  the  other  units,  which  are  to  be  added  as  inAe  increases  but  without  change 
in  the  first  unit. 

At  different  ports,  with  quay  construction,  the  chief  vsriations  in  units  would  con- 
sist in  the  size  of  the  elements  and  in  the  length  of  the  lin€al  berthing  feet  apportioned 
to  a  unit.  The  length  of  this  unit  frontage  is  determined  by  the  maximum  length  <d 
the  freighter  which  will  use  the  unit. 

SIZE  OF  tmrrs. 

Such  a  unit  would  therefore  contain,  for  an  inland  river  termiiuil,  lor  freighteis  of 
500  feet  in  length,  of  a  berthing  frontage  of  500  feet  of  quay  'friXL,  il  ih^  of  a  length  of 
400  leet,  a  warehouse  the  sam^  length  as  the  tihedt  but  %ridM>,  th^  quay,  the  shed  and 
the  warehouse  served  by  railway  ttacks  and  mechanical  appliitodefe. 

Aa  inland  river  term^ial  unit  for  beiges  d  not  over  350  feet  in  l^sigth  would  consist 
of  berthing  frontages  of  860  feet  long,  a  shed  300  feet  in  kngth  iHd  a  wafehouse  also 
300  leet  in  length,  equally  well  setved  by  railways  and  maohmery. 

i^or  the  larger  ocean  ports,  each  unit  should  bo  600  feet  in  lOnfth,  but  thOre  should 
be  two  units  adjoining  in  one  straight  line  so  as  to  berth  tWo  ships,  oadi  of  600  feet,  or  an 
ocean  linor  1,000  feet  or  more  in  length.  The  shed  should  here  bo  500  feel  long  and 
the  warehouse  500  feot. 

The  port  wo^ks  for  oonvenience  may  be  separlkted  into  two  diviikms,  the  substruc- 
turos  and  the  superstructures;  the  port  facilitieO,  into  railway  tnldDs,  railway  tontiec- 
tiono,  tskotoit  tracks,  mechanical  appliances,  Universal  or  overhead  cmiee  and  oaftiers 
for  ttiscellaneouB  oargoeo,  and  special  for  single  conunoditiss. 

The  substructure  rofeM  to  the  pier  or  quay  Surface  and  all  h4\oW  Ibis  elevation. 

The  superstructare  to  the  sheds,  warehouses^  various  blul<tin|4  Imd  storOgo  areas, 
approaches  and  railway  tracks. 

The  mechanical  appliances  Include  all  the  mechanisms  for  tho  Varied  calgo  move- 
ments betweoi  vessel  and  Acre  and  on  the  shore  and  the  freight  motoments  in  con- 
nection with  the  oars  and  laige  motor  trucks. 

THE   SUBSTRUCTURE,  (QUAY  WALLS). 

This  substructure,  to  avoid  interruption  in  commerce,  should  be  permanent,  that 
IB,  safe  from  fire,  rat  proof  and  decay-resisting.  It  should  also  present  an  attractive 
appearance,  a  credit  to  the  city  or  State. 

By  constructing  a  city  hall  or  courthouse  of  plain  brick  or  even  of  wood,  it  could  be 
replaced  by  a  similar  structure  every  10  or  15  years,  and  yet  the  cost  for  50  years  would 
be  less  than  one  of  stone  or  of  reinforced  concrete  architecturally  pleasing  and  artisti- 
cally ornamented. 
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Such  a  policy  of  cheap,  replacable  structures  for  public  buildings  is  not  considered 
advisable.  It  may  be  that  when  the  time  for  replacement  comes  the  condition  iji  the 
finances  of  the  municipality  will  not  be  sufficient  for  the  replacement. 

In  addition,  the  installation  of  wooden  piling  and  cheap  wooden  sheds,  easily  con- 
sumed by|fire  and  decay,  and  after  a  few  years  presenting  a  disreputable  appearance, 
should  not  be  the  first  view  of  those,  arriving  at  the  port,  with  wh<»n  a  foreign  ooiik> 
merce  is  to  be  initiated. 


FRESH  WATER  QUAY  TERMINALS. 

As  many  of  the  newer  ports  are  far  inland,  where  the  water  is  fresh,  free  from  tendo 
or  other  destructive  agencies,  there  are  given  a  few  detailed  views  of  an  adaptable  type 
of  construction. 

In  this  type,  all  wooden  piles  or  platforms  are  always  below  the  mean  low  water 
elevation,  and  above  this  elevation  is  a  permanent  concrete  wall  and  behind  the  wall 
and  above  the  relieving  platform  is  a  filling  of  earth,  sand  or  cinder,  securely  paved 
with  concrete  and  asphalt. 
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KBUXYIMQ  PLATFORM. 

Ab  IB  well  known,  it  has  been,  in  tlie  past,  difficult,  except  at  an  enormous  expense, 
to  construct  a  peraument  quay  wall  which  would  not  be  pushed  out  of  alignment  by 
the  earth  pressure.  At  a  depth  of  40  feet  this  pressure  is  often  20,000  pounds  or  more 
per  square  foot. 

In  the  cross  section  given  later,  it  is  shown  that  the  natural  slope  of  the  earth  is 
not  disturbed  if  at  about  1  or  2  slope,  but  is  blanketed  by  riprap  at  1  on  1  slope,  to 
prevent  washing  or  erosion  caused  by  the  movements  of  ^e  ships,  seepage,  or  heavy 
rains. 

The  piling  being  always  below  low  water,  is  driven  into  this  unchanging  natural 
slope,  and  above  and  supported  by  these'^^  are  cross  caps  and  the  grillage  or  re- 
lieving platform,  all  of  great  strength,  sustaining  the  concrete  wall  and  the  paved 
filling. 

There  is  therefore  visible  an  indestructible,  smooth,  solid  concrete  gravity  wall 
some  7  or  more  feet  wide  at  the  base  and  3  or  4  feet  wide  at  the  top  (these  dimensions 
varying  according  to  the  height  of  the  wall),  able  to  withstand  the  impact  of  a  10,000- 
ton  freighter. 

The  piles  below  the  water  will  not  bum  or  decay.  The  fender  piles  are  of  oak,  but 
to  reduce  the  usual  great  frictional  wear  they  are  often  made  so  that  they  will  revolve 
in  sockets. 

While  being  thus  permanent  in  every  respect,  the  wall  presents  a  most  pleasing 
appearance,  creditable  to  the  municipality. 

The  installation  cost  is  not  much  more  than  that  of  an  inflammable  wharf  of  creo- 
soted  piles  and  wooden  flooring. 

T0RBD0-INFX8TBD  WATERS. 

In  case  the  water  is  salt,  infested  with  the  usual  teredo,  then  the  piles  and  the 
relieving  platform  are  of  concrete. 

In  thd  case  of  projecting  piers,  as  into  a  harbor  or  large  turning  basin,  the  construc- 
tion is  the  same,  but  is  equivalent  to  two  quay  waUs,  one  on  each  side  of  the  pier, 
back  to  back,  with  a  solid  or  pile  center  between. 

The  pile  center  is  used  where  the  volume  of  the  flow  of  the  river  must  not  be  ob- 
structed. 

By  the  installation  of  such  a  quay  wall  or  pier  there  will  be  the  least  interruption 
to  traffic  and  the  least  withdrawal  from  service,  of  berthing  frontages,  for  replacement, 
renewals,  repairs,  or  for  an  embargo  due  to  an  epidemic,  the  quay  being  rat  proof. 

THE  SUPERSTRUCTURES. 

The  relative  arrangements  of  the  superstructures  are  of  more  importance  in  facili- 
tating rapid  transference. 

The  diagrams  herein  give  the  plans  and  elevation  of  the  quay  wall,  the  distance 
between  the  wall  and  the  shed  with  two  tracks,  the  shed  and  the  warehouse,  all  as 
previously  described.  There  are  also  shown  the  details  of  construction  of  the  steel 
shed  and  the  additional  columns  for  supporting  the  inside  mechanical  appliances. 
The  foundations  of  the  columns  are  securely  placed  on  piles  and  upon  reinforced 
concrete  bases  and  by  elastic  compounds  are  independent  of  the  shed  floor. 

The  floor  of  the  shed  is  similar  to  street  paving  construction,  being  composed  of 
a  well-rolled  subbase,  6  inches  of  concrete  and  above  this  1}  to  2  inches  of  asphalt. 
The  details  are  plainly  shown  in  the  elevation  diagrams. 

SHED  CAPAcrrr. 

It  is  a  good  rule  to  plan  the  shed  for  such  a  capacity  that  it  will  be  possible  to  dis- 
tribute all  the  goods  taken  from  one  ship  berthed  opposite  to  it.  This  is  the  rule  at 
Hamburg,  Germany. 
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When  goods  are  handled  by  hand,  the  average  height  of  tiering  or  piling  averages 
about  5  feet.  It  is,  therefore,  evident  that  there  would  be  required  a  very  laige  floor 
area  to  distribute  and  place  a  cargo  of  6,000  tons  according  to  the  marks  and  croaB 
marks,  especially  if  a  miscellaneous  caigo. 

Assuming  60  cubic  feet,  instead  of  the  marine  40  cubic  feet,  to  represent  the  volume 
of  1  ton  and  16  per  cent  more  for  distributing  space,  this  would  equal  about  70  cubic 
feet  per  ton .  Six  thousand  tons  would ,  therefore,  represent  a  cubical  content  of  420,000 
cubic  feet,  and,  at  an  av^age  height  of  5  feet,  would  cover  a  space  of  84,000  square 
feet. 

The  reason  for  the  5-foot  height  for  average  tienng  is  that  manual  lifting  above  this 
height  means  a  considerable  increase  ^ (^,handliQg  expense.  It  is  more  economical 
to  hand-truck  400  feet  than  to  lift  10  feet  by  man  power.  By  mechanical  tiering, 
freight  can  be  tiered  20  or  even  30  feet  with  little,  if  any,  additional  expense  over 
tiering  5  feet. 

Assuming  an  average  height  of  tiering  at  15  feet,  a  building  could  be  made  56  feet 
in  width,  500  feet  in  length,  and  yet  have  a  capacity,  on  the  above  basis  of  6,000  tons, 
at  70  cubic  feet  per  ton.  In  order  to  allow  even  more  floor  space  for  the  distributipg 
or  a  greater  holding-shed  capacity,  20  feet  may  be  taken  as  an  average  tiering  height. 
A  shed,  therefore,  60  feet  wide,  500  feet  long  and  with  a  clear  height  below  the  gird^s 
of  30  feet,  tiering  20  feet,  would  accommodate  8,500  tons,  allowing  70  cubic  feet  p^ 
ton.  This,  or  a  shed  400  feet  in  length,  would  be  a  properly  proportioned  shed  for 
inland  river  terminals. 

It  is  interesting  to  note  that  60  feet  is  the  standard  width  of  inbound  railway  freight 
stations. 

If  the  width  of  the  sheds  can  be  kept  within  the  above  limits,  the  cost  of  the  shed  will 
be  less  than  is  usual,  as  there  will  be  one  riiort  span  only  and  no  intermediate  postB 
to  interfere  with  the  freight  movements,  which  posts  shoidd  be  avoided  if  possible. 

It  is  evident  that  capacity  is  secured  by  height  and  not  by  width. 

The  position  of  the  railway  tracks  for  each  unit  is  depicted,  although  often  there 
should  be  three  or  even  more  tracks. 

Port  FACiLrriEs. 

RAILROADR. 

Much  of  the  varied  freight  transferred  at  a  marine  terminal  is  to  or  from  inland  cities 
by  different  railroads.    In  some  instances  this  is  three-fourths  of  the  total  tonnage. 

It  is  therefore  necessary  that  there  should  be  a  belt-line  railway  connecting  all 
these  different  railways  with  the  terminal  railway. 

This  terminal  railway  should  have  tracks  close  to  the  ship's  side,  as  explained,  for 
easy,  direct  transferrence  of  outbound  freight. 

There  should  also  be  other  railway  tracks  for  direct  shed  and  warehouse  service  and 
in  addition  tracks  so  that  any  building  or  open  area  can  be  reached  by  the  cars. 

As  the  larger  motor  trucks  are  becoming  an  adjunct  of  terminals,  especially  for  in- 
dustrial terminals,  good  paved  ways  should  extend  to  all  parts  of  the  terminal. 

MECHANICAL   APFLIANCB8. 

The  mechanical  appliances  may  be  divided  into  two  classes,  the  first  for  tranato- 
ring— that  is,  for  the  dircharging  and  loading  the  vessel,  and  the  second  for  handling — 
that  is,  for  assorting,  distributing,  and  tiering. 

GANTRY  CRANES. 

This  first-class  for  miscellanoous  cargoes  may  consist,  preferably,  of  electric,  half- 
arch  traveling  gantry  jib  cranes  of  2- ton  capacity,  at  200  foot  per  minute  hoisting  i^>eed, 
with  an  outreach  of  50  feet  at  50  feet  above  the  quay  wall,  with  a  lift  of  80  feet. 
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The  three  movements  of  hoiiting,  slewing  (3  revolutions  per  minute)  and  traveling 
<200  feet  per  minute)  are  all  performed  by  separate  motors.  If  there  be  derricking,  this 
movement  should  also  be  by  a  separate  motor. 

The  cranes,  being  mostly  nonluifable,  have  the  cab  well  forward  in  the  jib  member, 
so  that  the  operator  can  see  just  where  and  how  the  draft  is  to  be  placed  upon  the  quay, 
or  into  open  cars  on  the  second  or  third  line  of  tracks  at  upon  a  platfonn  at  the  door  of  a 
closed  car,  as  well  as  to  see  down  into  the  hold  of  the  vessel,  being  always  in  a  safe  posi- 
tion, and  above  the  place  of  lowering  or  hoisting. 

By  means  of  these  cranes,  outbound  freight  can  be  swung  from  the  car  to  the  vessel. 

Inbound  freight,  however,  must  be  distributed  and  tiered,  and  therefore,  in  general, 
the  movement  by  the  crane  is  to  or  within  the  doors  of  the  shed. 

OVIRHRAD  BLBCTBIC  TRAVELERS. 

To  supplement  the  gantry  crane  service,  and  to  prevent  the  usual  congestion,  either 
outside  or  within  the  shed,  there  are  traveling  bridges  similar  to  shop  cranes,  but  so 
arranged  that  the  crabs  or  trolleys,  in  trains,  can  not  only  move  forward  and  back  on 
these  bridges,  but  can  pass  along  the  sidetracks  upon  which  the  bridges  travel,  pass 
across  by  means  of  a  second  bridge,  and  complete  a  loop  circuit,  thereby  serving  all 
space  between  the  side  fixed  tracks  quickly  and  without  rehandling.  Distributing 
and  tiering  is  accomplished  rapidly  by  the  overhead  electric  travelers. 

liOads  from  the  gantry  cranes  can  be  burtoned  to  or  from  these  overiiead  electric 
travelers  without  the  draft?  being  placed  upon  the  quay  pavement  or  upon  the  shed 
floor. 

In  addition  to  the  above,  there  are  small  motor  trucks  in  trains. 

By  properly  equipping  the  terminal  with  mechanical  appliances,  the  workable 
value  of  each  linear  foot  of  berthing  frontage  can  be  increased  so  as  to  take  care  of  such 
an  increase  of  vessels  and  cargoes  as  to  avoid  the  necessity  of  a  large  immediate  in- 
vestment in  quays  and  piers. 

As  an  example  of  this,  one  portion  of  the  Port  of  Havre,  France,  not  properly 
equipped  with  modem  facilities,  averaged  about  130  tons  per  linear  foot  per  year. 
Auodier  i>ortion  of  the  same  harbor,  but  correctly  provided  with  the  latest  facilities, 
averaged  4S6  tcms  per  year.  Similarly,  at  Marseille  the  comparison  was  200  tons  to 
540  tons  and  at  Rouen  160  tons  to  3.S0  tons. 

There  are  many  other  types  of  hoisting  and  conveying  appliances  installed  at 
marine  terminals,  but  these,  as  a  rule,  are  designed  for  special  commodities  and  not  for 
univaml  application.  It  is  possible  only  to  enumerate  the  most  important :  l*ortable 
electric  dock  winches;  stationary  electric  dock  winches;  floating  steam  hoists;  float- 
ing giain  elevators;  whip  hoists;  traveling  unloaders,  5  to  10  tons  capacity;  elevated 
stationary  hoisting  winches;  pillar  cranes;  locomotive  cranes;  stationary  bridge 
cranes;  lifting  towtfs  and  belt  conveyors;  derrick  booms  and  grab  buckets;  coal 
dumps  on  tipples;  barrel  conveyors  and  elevators;  gravity  chutes  and  conveyors;  bag 
and  box  chutes;  ba^age  escidators;  cargo  chutes;  blind-hatdi  hoists;  stationary 
cranes,  hamm^  type,  of  ^eat  c^>acity. 

TERMINAL  DB8IQNINQ. 

It  is  evident  from  the  above  that  the  terminal  works,  including  substructure  and 
•npentrueture,  must  be  correctly  planned  and  the  mechanical  appliances  and  other 
facilities  properly  adapted  to  tiie  work,  with  sheds  and  warehouses  ri^tly  pnq^or- 
tioned  to  the  sise  of  the  ddps,  and  the  railway  tracks  coofdinated  for  direct  trans- 
ferrence  between  water  and  rail  and  the  ship  and  the  shed. 

Much  attention  has  been  paid  by  foreign  port  authorities  to  the  plans  of  the  marine 
terminals  and  the  designs  of  sheds  and  wareheuses  and  the  location  of  the  railway 
tracks.    One  generally  accepted  prindi^e  baa  been  that  it  should  be  possible  to  trans- 
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fer  outbound  freight  from  the  cLootb  of  railway  cars  located  between  the  shed  and  the 
ship  into  the  hatchways  of  the  ship  without  rehandling  at  a  cost  not  to  exceed  3  to  6 
cents  a  ton  for  this  mechanical  movement  of  transferring  only,  not  handling  in  the 
shed  or  ship.  Terminals  are  planned  to  secure  similar  direct  movements  between 
ships,  sheds,  warehouses,  and  railway  tracks. 

Most  all  such  engineering  rules  and  principles,  the  results  of  practical  experience 
with  a  large  merchant  marine,  should  be  of  utilizable  value. 

00NCLU8I0NB. 

First.  For  all  the  ports  of  the  Americas,  and  especially  for  those  concerned  with. 
Pan  American  commerce,  those  harbor  works,  terminal  facilities,  operating  methods,, 
and  mechanical  appliances  should  be  adopted  which  have  proved  most  efllcient  in 
respect  to  time  and  economy  of  cargo  transferrence  and  handling. 

Second.  That  all  new  terminals  for  inland  and  ocean  navigation  should  be  bo^ 
designed,  planned,  and  proportioned  in  respect  to  the  piers,  quays,  sheds,  ware- 
hoiises,  and  railway  tracks  as  to  secure  easy,  quick,  and  economical  intercoordination 
between  all  these  terminal  elements  and  with  the  water  carriers. 

Third.  That  not  only  should  the  world's  best  be  adopted  and  then  adapted  to  the 
operating  conditions  of  each  country,  but  terminal  engineers  should  continually 
study  to  achieve  something  better. 

Fourth.  That  the  securing  of  the  greatest  speed  possible  in  all  marine  freight 
terminal  movements  is  of  all  terminal  features  that  which  is  the  most  essential. 


EMPLOYMENT  AND  BEHAVIOR  OF  CONCRETE  AND  REINFORCED  CON- 
CRETE  IN  FRESH  AND  SALINE  WATERS  UNDER  THE  SERVITUDE  OF 
WAVES  IN  EXPOSED  SITUATIONS. 

By  CHANDLER  DAVIS. 

The  subject  assigned  to  this  paper  is  of  ever-increasing  interest  to  the  maritime 
engineer.  Herodotus,  450  B.  C,  mentions  the  use  of  concrete  by  the  andents* 
Old  Roman  harbors,  over  2,000  years  old,  are  in  use  to-day.  In  spite  of  the  fact 
that  concrete  dates  back  before  the  present  era,  its  uses  were  fragotten  during  the 
dark  ages,  and  it  was  not  until  the  eighteenth  century  that  hydraulic  cement  mm 
rediscovered  by  an  English  engineer.  Ever  since  this  time  great  strides  have  been 
made  in  concrete  construction,  first  in  plain  concrete,  later  in  reinforced  concrotoy. 
and  to-day  it  is  one  of  the  most  useful  materials  at  the  hand  of  the  engineer.  At 
first  it  was  only  used  as  a  backing,  being  protected  from  the  action  of  the  elementa 
by  stone,  of  known  wearing  qualities,  or  some  other  veneering,  the  engineer,  hofw* 
ever,  becoming  bolder,  finally  left  off  the  cov^ing  and  concrete  was  exposed  to  the 
direct  action  of  the  winds  and  waters  and  the  erosion  due  to  ships.  The  Albert 
Dock,  London,  was  comj^leted  with  a  concrete  btce  about  30  years  ago.  During  thb 
period  of  time  the  concrete  has  worn  away  about  2  inches. 

*    *    *    having  been  subjected  to  much  buffeting;  from  lighteiB  as  well  as  ships. 

Careful  inspection  was  made  as  to  a  possible  action  at  or  near  the  water  line  due  te 
freezing  or  wave  action,  or  both,  but  nothing  noteworthy  was  seen.^ 

More  recentiy  reinforced  concrete  has  been  introduced,  and  finally,  after  being 
developed  and  proven  successful  on  land,  has  now  reached  the  stage  when  madtime 
engineers  are  satisfied  to  use  it  in  water  in  various  forms,  such  as  rdnforced  ooncrete 
piles,  caiBBons  for  foundations,  for  bulkheads,  or  quay  walls,  protection  to  river  banks 
or  embankments,  and  numerous  other  modes. 


1  Traimotioiis  Am.  Soo.  C.  £.,  Vol.  LZn,  p.  141. 
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The  writer's  experience  with  concrete  exposed  to  the  action  of  sea  water  extends 
over  a  period  of  25  years,  during  which  time  he  not  only  had  splendid  opportunites 
to  oheenre  the  hehavior  of  his  own  work,  but  also  of  studying  that  of  his  predecessors 
and  others,  concrete  construction,  some  of  which  dated  back  over  40  years.  This 
work  consbted  chiefly  of  a  bulkhead  wall  along  the  North  and  East  Rivers,  Manhat- 
tan Island,  New  York  City.  These  rivers  when  the  work  first  started  were  compara- 
tively clean.  Gradually,  however,  with  the  growth  of  the  population,  the  waters 
became  dirtier  and  dirtier,  until  finally  they  are  now  so  filthy  it  is  not  sanitary  to 
bathe  in  them. 

The  department  of  docks  of  the  city  of  New  York  was  created  in  1870.  Previous 
to  that  time  it  was  a  bureau  of  the  department  of  public  works.  No  permanent 
improvements  were  undertaken,  no  systematic  development  laid  out  until  the  new 
department  was  organized.  It  was  then  that  the  construction  of  the  river  front 
streets  was  commenced,  retained  along  the  water  by  a  concrete  bulkhead  wall.  This 
wall  as  originally  designed  consisted  of  concrete  blocks  on  piles.  From  about  mean 
low  water  up  the  wall  was  faced  with  granite  stones  backed  with  concrete.  Later 
the  stone  facing  of  veneer  was  omitted  in  wake  of  the  piers,  and  even  in  the  slips  at 
times. 

A  modification  of  this  wall  was  the  construction  of  the  concrete  en  masse  in  aid. 
This  method,  however,  was  soon  abandoned  and  the  foimdation  blocks  were  again 
constructed  on  shore,  allowed  to  season  a  longer  or  shorter  time  according  to  the  urgency 
of  the  work,  and  then  were  set  by  means  of  a  himdred-ton  derrick. 

The  bulkhead  or  river  wall  as  built  by  the  city  of  New  York  *  rests  on  piles  or  if  the 
rock  is  near  the  suriace  it  is  founded  directly  upon  the  hard  bottom.  In  this  case,  the 
mud  or  silt  which  can  not  be  dredged  is  removed  by  pmnping,  and  the  bottom  is  then 
leveled  up  with  concrete  laid  in  bags,  and  brought  to  grade  with  as  near  level  a 
surface  as  it  is  possible  for  the  diver  to  lay.  When  the  bags  have  all  been  laid,  the  top 
is  leveled  off  with  a  very  rich  layer  of  concrete,  the  top  being  smoothed  off  with  a 
strai^tedge  and  thus  prepared  to  receive  the  concrete  blocks.  This  method  of  con- 
structing the  bulkhead  wall  has  been  very  successful,  the  concrete  in  the  bags  has  set 
hard,  while  the  gravel  concrete  deposited  directly  in  place,  has  hardened  well  and  the 
entire  structure  shows  little  or  no  settlement. 

One  failure  must  be  recorded,  a  faUure  due  to  local  conditions  and  not  to  faulty 
design,  careless  workmanship  or  poor  materials.  At  the  section  in  question  the  water 
of  the  East  Elver  was  so  filthy  from  an  adjacent  sewer  outlet  that  it  was  impossible  for 
the  concrete  to  set,  and  there  was  no  bond,  between  each  day's  work  or  between  each 
batch.  An  investigation  revealed  the  source  of  trouble.  A  cofferdam  which 
deflected  the  flow  of  the  river  and  prevented  the  deposit  of  matter  held  in  suspense, 
quickly  overcame  the  fault,  and  the  work  was  soon  completed  in  a  satisfactory  manner. 
The  structure  after  a  lapse  of  about  12  years  has  not  developed  any  weakness  nor  does 
it  show  any  signs  of  deteriorating. 

About  40  years  ago  the  department  of  docks  of  New  York  City  attempted  to  lay 
concrete  en  masse  in  sitii  but  this  method  of  construction  was  evidently  abandoned 
for  the  reason  that  the  results  were  anything  but  satisfactory.  Two  sections  of  the 
bulkhead  wall  in  the  North  River  were  built  up  from  about  12  feet  below  mean  low 
water  with  concrete  lowered  through  the  water  to  place  and  there  deposited  inside  of 
a  cofferdam,  which,  however,  was  not  tight,  the  tide  rising  and  falling  inside  of  it. 
The  concrete  was  mixed  in  one  case  in  the  proportions  of  1  cement,  If  of  sand,  and  4 
of  broken  stone,  and  for  the  other  section  generally  1)  of  cement  to  2  of  sand  and  5  of 
broken  stone,  the  lower  about  4  feet  in  this  case  being  of  a  much  richer  consistency. 
The  cement  was  the  best  American  and  European  Portland  obtainable  in  1875;  the 
sand  was  a  good  quality  of  New  York  sand;  the  crushed  stone  was  trap-rock  from  the 
Palisades;  mixed  with  the  concrete  were  stones  from  6  to  12  inches  in  their  greatest 

>  O.  S.  Gnene,  Jr.,  member  American  Society  Cirfl  Engliieen,  engineer  in  diief. 
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dimensions.  The  bucket  used  was  a  2-yard  bucket,  which  opened  at  the  side  and  i>er- 
mitted  the  charge  to  nin  out  as  soon  as  the  bucket  reached  the  bottom,  the  top  of  the 
bucket  was  open  and  the  concrete  exposed  to  the  wash  of  the  water  as  it  was  lowered 
to  place. 

The  wall  was  examined  after  the  shutters  had  been  removed  and  the  face  was  found 
to  be  in  a  very  poor  condition,  it  was  badly  pitted,  the  concrete  was  soft  and  in  places 
fell  out  in  large  pieces  as  the  cofferdam  was  taken  down.  The  concrete  was  soft  and 
crumbly,  the  stones  being  easily  removed  from  the  mass  with  the  fingers  and  rods 
could  be  readily  driven  into  it  in  cases  as  much  as  6  feet.  Even  where  the  face  was 
found  to  be  in  fair  condition  and  apparently  hard  the  backing  was  soft  and  had  not 
set.  The  lower  part  of  the  monolith  was  probably  in  worse  condition  than  any  other 
part  of  the  structure,  this  being  also  the  case  with  a  full  sized  test  block,  built  exactly 
as  the  bulkhead  wall  had  been  constructed.  The  experimental  block  was  finally 
taken  up  and  carefully  examined  in  the  open  air.  The  results  were  the  same  us  the 
divers  had  found  to  be  the  case  with  the  wall  proper,  the  concrete  being  soft  and 
crumbly,  great  quantities  of  material  not  cemented  together  cascaded  from  the 
forms  when  they  were  removed,  particularly  along  the  bottom  of  the  block,  where  the 
concrete  had  not  set  at  all  and  had  no  cohesion.  As  the  very  best  materials  were  used 
in  the  work,  everything,  workmanship  included,  was  of  the  very  best,  the  failure 
must  be  attributed  to  the  method  of  execution.  This  method  of  constructing  die 
sea  wall  was  thereupon  abandoned  and  the  blocks  were  again  built  on  shore,  and  set 
after  they  had  been  cured. 

At  the  time  the  writer  was  connected  with  this  work,  the  concrete  blocks  were 
manufactured  on  properly  prepared  platforms  in  the  two  city  yards.  The  molds 
were  first  set  up  and  leveled,  they  were  then  thoroughly  slushed  down  or  greased,  so 
as  to  facilitate  their  removal  after  completion  of  the  blocks.  These  blocks  when 
completed  weighed  about  75  tons.  As  the  blocks  were  set  by  means  of  chains  rove 
through  chain  holes,  no  block  was  started  unless  it  was  possible  to  complete  it  well 
above  the  chain  holes  the  same  day.  This  was  done  to  prevent  any  possible  accident 
due  to  bad  joints.  All  joints  in  the  concrete  were  prepared  as  follows:  The  old  sur- 
face of  the  concrete  was  thoroughly  scrubbed  with  iron  brooms  and  roiighened  witii 
picks,  all  loose  material  was  removed,  and  the  concrete  was  thoroughly  'n^ished  down. 
This  method  of  making  a  joint  applied  as  well  to  the  concrete  backing  deposited  in 
place.  Great  care  was  always  taken  to  make  a  real  joint,  one  that  was  tight,  and  the 
present  condition  of  the  quay  wall  bears  witness  that  the  work  was  well  done.  Out 
ol  hundreds  of  blocks  examined  by  the  writer,  none  showed  any  indication  of  the 
joint  marlring  the  beginning  and  ending  of  two  days'  work,  and  the  concrete  backing 
was  equally  well  finished. 

The  mixtiire  used  in  this  work  was  1:2:5 — 1  part  of  Portland  cement,  2  parts  of 
clean  sand,  and  5  parts  of  broken  stone,  trap-rock  crushed  to  pass  a  2-inch  ring. 
These  proportions  gave  more  cement  than  the  voids  in  the  sand  really  required,  and 
the  mortar  more  than  filled  the  voids  in  the  stone,  thus  filling  all  the  requirements 
of  a  dense,  impermeable  concrete.  It  was  mixed  quite  wet  so  that  the  men  working 
in  the  molds  sank  into  the  concrete  nearly  one-half  way  to  the  knees.  The  water 
used  was  Croton  water  as  delivered  to  the  dty,  taken  directly  from  the  aqueduct; 
the  cement  was  a  first-class  Portland  cement,  carefully  inspected  and  tested;  the 
sand  and  broken  stone  for  concrete  were  also  carefully  inspected,  everything  being 
bought  imder  specifications.  The  sand  used  was  required  to  be  sharp,  silicious  sand, 
free  from  loam  dust,  mica,  and  other  foreign  matter.  It  ran  from  one-quarter  inch 
down  to  fine. 

The  broken  stone  was  a  hard,  fine  grained,  syenite  or  trap-rock,  free  from  dust, 
fine  sand,  or  other  foreign  matter,  crushed  to  pass  a  2-inch  circular  ring,  and  mixed 
with  smaller  stones,  resulting  from  breaking,  not  less  than  one-quarter  inch  in  their 
smallest  dimension. 
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Clean  material  pioperly  graded  was  specified,  and  the  aggregate  of  the  concrete 
was  as  near  to  the  ideal  as  it  is  possible  to  get.  The  cement  was  a  slow-setting  cement, 
getting  its  initial  set  in  one-half  hour  and  its  final  set  within  five  hours.  It  was 
required  to  pass  a  rigid  inspection,  pfactically  the  same  tests  as  laid  down  by  the 
American  Society  of  Civil  Engineers.  The  barrel  was  taken  as  the  unit  and  one  bar- 
rel of  cemoit  was  used  to  the  batch,  making  five-eighths  of  a  cubic  yard  of  concrete. 
The  sand  and  broken  stone  were  measured  on  the  work  in  barrels;  in  the  yard  barrows 
of  the  proper  size  were  used. 

The  good  results  obtained  prove  that  the  care  expended  and  the  cost  of  constant 
inspection  more  than  repaid  itself.  A  careful  examination  of  the  wall  has  not  devel- 
oped any  marked  deterioration;  in  places  where  the  concrete  was  immediately 
deposited  in  place  abrasions  show  at  mean  low  water;  this  is  undoubtedly  more  due 
to  the  action  of  the  ice,  frost,  and  waves  than  to  any  chemical  disintegration. 

The  oldest  section  of  the  sea  wall  is  about  46  years  old;  the  blocks  were  made  on 
shore  and  allowed  to  set  before  being  submerged;  these  and  other  sections  con- 
structed in  the  same  way  are  in  perfect  condition,  and  there  is  no  reason  why  this 
wall  will  not  last  for  centuries,  especially  when  one  considers. that  iron  is  not  used  in 
its  construction  in  any  form  whatsoever,  aU  bolting,  fastening,  and  seeming  being 
done  by  means  of  oaken  tree  nails. 

The  work  of  constructing  the  concrete  blocks  for  the  New  York  City  bulkhead  or 
river  wall  is  carried  on  throughout  the  year  when  the  exigencies  of  the  work  demand 
it;  this  has  always  been  the  custom  since  the  organizing  of  the  dock  department;  the 
writer  therefore  continued  this  custom,  and  in  doing  so  obtained  some  very  interest- 
ing data  relating  to  frozen  concrete.  This  experience  seemed  to  prove  that  concrete 
once  frozen  will  eventually  thaw  out,  and  if  given  time  and  is  not  disturbed,  will  set. 
It  may  be  of  interest  to  narrate  the  writer's  experience,  as  it  shows  what  may  happen 
in  a  concrete-mixing  yard,  even  imder  the  best  supervision  and  care;  whether  at 
any  other  time  previously  or  since  a  similar  occurrence  might  have  been  recorded 
can  not  be  said .  During  a  prolonged  spell  of  low  temperature  at  night,  the  days  being 
warm,  it  was  necessary  to  continue  the  building  of  some  concrete  blocks  weighing 
about  40  tons  each.  According  to  a  standing  order  the  concrete  was  stopped  as  soon 
as  the  temperature  in  the  molds  fell  to  36^  F.  Under  these  conditions  some  five  or 
six  blocks  were  manufactured,  completely  filling  the  platform;  six  or  eight  days 
elapsed  before  it  was  found  necessary  to  move  these  blocks  to  make  room  for  the 
manufacture  of  more.  Usually  four  to  five  days  are  considered  sufficient  length  of 
time  to  wait  before  handling  a  newly  finished  block,  although  this  has  been  shortened 
to  three  days  when  the  work  required  rapid  progress.  On  attempting  to  lift  the 
blocks  the  chains  readily  cut  into  the  concrete,  which  was  soft  and  offered  little 
resistance  to  crushing.  On  an  examination  small  ice  crystals  were  discovered  through- 
out the  block,  the  frost  having  penetrated  to  the  interior,  thus  causing  the  process  of 
setting  and  hardening  to  stop.  The  general  outward  appearance  of  these  blocks  on 
removal  of  the  forms  did  not  indicate  that  trouble  would  be  experienced,  nor  did  the 
comers  break  away  and  crumble  in  an  undue  manner  on  reeving  the  chains.  The 
remaining  blocks  were  left  imdisturbed  until  the  following  spring  and  eventually 
were  set  within  the  wall  without  further  trouble.  The  blocks  have  behaved  well, 
showing  no  signs  of  deteriorating,  although  nearly  15  years  or  more  have  elapsed  since 
they  were  set. 

Such  an  experience  although  interesting  to  record  does  not  mean  that  concrete 
blocks  should  be  constructed  during  the  freezing  weather;  in  fact,  the  writer  thinks 
that  work  should  be  stopped  when  the  outdoor  tempoature  falls  as  low  as  40^  F., 
instead  of  continuing  the  making  of  concrete  until  the  air  in  the  molds  has  dropped 
to  36^  F.  As  weight  was  the  one  requisite  and  the  weight  of  the  blocks  permitted  a 
large  ^tor  of  safety,  the  blocks  were  quite  satisfactory,  and  no  further  tests  were  made 
either  chemical  or  physical.  The  use  of  these  frozen  blocks  may  be  reprehensible, 
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but  the  writer  made  a  careful  examination  of  them  several  months  later  and  decided 
it  was  safe  in  this  instance  to  use  them.  He  does  not  recommend  the  practice,  how- 
ever. 

The  writer  was  called  to  examine  a  reinforced  concrete  dam  in  Vermont,  which  was 
built  during  the  freezing  weather.  The  concrete  had  been  frozen.  The  upstream  face 
was  soft  and  porous,  while  the  downstream  &ce,  protected  by  the  piers  and  not  being 
subjected  to  the  same  degree  of  cold  and  not  coming  in  direct  contact  with  the  water, 
was  much  harder  and  in  better  condition.  No  attempt  had  been  made  to  protect  the 
concrete  from  the  frost,  and  the  entire  work  was  an  example  of  what  will  happen  if 
concreting  is  carried  on  in  cold  weather  without  proper  supervision  and  without 
attempting  to  protect  the  work  against  the  frost.  The  dam  was  eventually  patched 
and  made  water-tight  and  is  to-day  in  fair  shape. 

The  following  very  interesting  case  of  concrete  being  laid  in  extremely  cold  weather, 
the  thermometer  falling  as  low  as  — ^30°  F.,  might  be  mentioned. >  A  bridge  was 
being  constructed  over  the  North  Platte  River,  near  Fort  Steele,  Wyo.,  during  the 
winter.  The  bridge  piers  were  of  concrete.  A  very  dry,  handmade  concrete  was 
used,  proportioned  1  cement,  3  sand,  and  5  stone  diuing  the  very  coldest  weather  and 
1  cement,  3  sand,  and  6  stone  when  the  thermometer  rose  to  near  zero.  All  of  the 
materials  used  excepting  the  cement  were  brought  to  a  temperature  sufficiently  hi^ 
to  bum  the  hand.  At  the  end  of  each  day's  work  the  suriace  of  the  concrete  was  left 
rough  to  assure  of  a  good  bond  with  the  new  work.  The  results  were  good.  The 
weather  during  the  construction  of  the  piers  was  clear,  the  sun  ahining  nearly  every 
day,  with  the  exception  of  two  snowstorms.  A  curious  phenomenon  was  noted  by 
the  engineer  in  charge.  The  southern  ends  of  the  piers  moved,  pivoting  on  the  north 
end,  and  the  southerly  ends  settled  more  than  the  northerly  ends. 

The  Japanese  have  adopted  a  concrete-block  construction  in  several  of  their  har- 
bors. Mr.  I.  Hiroi,  in  his  very  interesting  and  instructive  paper  *  on  concrete  block* 
for  harbor  works,  states  that  he  has  not  had  a  single  failiu^  in  the  12,000  blocks  built 
under  his  direction.  His  observations  at  the  time  of  writing  his  paper  extended  over 
a  period  of  more  than  10  years. 

Careful  examination  of  blocks  placed  in  sea  water  for  more  than  10  years  at  Hakodate 
and  OtariL  Japan,  and  a  few  other  localities  have  disclosed  no  signs  of  disintegraticNa, 
but  have  found  them  harder  and  stronger  than  when  they  were  put  in. 

*  *  *  The  most  important  factor  in  insuring  the  durabilitv  of  a  block  is,  hofw- 
ever,  the' mode  of  fabrication,  most  of  the  ^dluree  of  concrete  blocks  being  traceable 
to  the  lack  of  proper  attention  to  some  of  the  important  details. 

The  most  important  quality  of  a  block  is  its  density.  The  strength,  weight,  and 
impermeability  of  the  blocks  depend  entirely  on  the  density  of  concrete    *    *    *, 

Mr.  Hiroi  conducted  a  series  of  experiments  to  detennine  the  proper  proportion 
for  the  concrete  mixtiu^  to  be  used  in  manufacturing  the  blocks.  He  finally  decided 
that  that  best  suited  for  his  work  was  the  proportion  of  one  part  of  cement  to  two  of 
sand.    The  mixture  of  1*.3  was  foimd  to  be  entirely  unsatisfoctory. 

In  all  other  tests  the  proportion  of  1  cement  and  3  sand  failed  to  give  the  blocks  the 
strength  calculated  as  necessary  to  withstand  with  safety  the  pressures  and  ahocka 
either  of  transport  or  of  wave  action  at  the  expiration  of  the  periods  specified. 

The  proportion  of  mortar  and  ballast  have  been  determined  in  such  a  way  so  that 
the  former  will  always  be  slightly  in  excess  of  the  voids  in  the  latter.  The  proportion 
of  the  ingredients  had  been  on  the  average  1  cement,  2  sand,  2  gravel,  ana  2  broken 
stone  before  tuff  was  introduced.  Since  then  the  following  combination,  by  volume, 
has  been  used:  1  cement,  0.8  tuff,  3.2  sand,  and  6.4  ballast;  the  equivalent  ratio,  by 
weight,  of  cement  to  tuff  being  1  cement  to  one-half  tuff. 

At  Osaka  '  the  concrete  was  mixed  1*.3:5  and  sea  water  was  used.  The  chief  engi- 
neer, Mr.  S.  Shima,  at  first  had  some  difficulty  with  the  concrete;  the  joints  were  very 

>  EBglneer  News.  voL  47«  p.  373:  MlsbehavlQr  of  Concrete  Built  In  Freexlng  Weather, 
s  Tranaactions  Am.  Boo.  C.  E.,  Vol.  LIV.,  A,  p.  SIL 
•  TimnaiMStioos  Am.  Soc.  C.  B.,  VoL  LIV,  A,  p.  231. 
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apparent  and  the  blocks  began  to  disint^prate  at  these  points.  By  reducing  the  layers, 
however,  to  a  thickness  of  about  5  inches  and  ramming  the  concrete  thoroughly  he 
was  able  to  do  away  with  this  trouble.  Both  Messrs.  Hiroi  and  Shima  preferred  their 
concrete  mixed  very  dry,  as  in  both  cases  they  desired  impermeability  and  sought  in 
this  manner  to  assure  it,  and  it  seems  that  they  obtained  the  results  desired.  The 
oldest  blocks  in  the  former  case  are  more  than  10  years  old,  and  in  neither  case  has 
any  disintegration  or  deterioration  been  noticed.  These  experiences  bear  out  the 
writer's  requirements  of  thoroughly  inspecting  the  materials  to  be  used,  making  the 
mixture  so  that  the  mortar  more  than  fills  the  voids  in  the  broken  stone,  using  slightly 
more  cement  than  the  sand  requires,  mixing  thoroughly,  and  depositing  in  place 
with  care,  handling  it  as  little  as  possible  after  mixing. 

In  both  of  the  above  cases  the  engineers  used  tuffa  or  puzzolana,  mixed  with  their 
cement.  Mr.  Luigi  Luiggi  ^  is  a  very  strong  advocate  of  the  addition  of  puzzolana, 
trass,  or  other  siliceous  materials  to  his  cement,  if  it  is  to  be  used  in  salt  water.  He 
was  the  first  to  use  it  in  the  harbor  of  Genoa.  He  recommends  from  50  to  100  kilograms 
of  finely-powdered  puzzolana  to  a  minimum  of  300  kilograms  of  Portland  cement 
(depending  upon  the  chemical  composition  of  the  cement  and  the  quantity  of  silicates 
present  in  the  puzzolana)  to  0.4  M'  of  sand  to  0.8  M'  of  stone.  The  proportion  of 
cement,  sand,  and  broken  stone  here  given  are  the  minimum  requirements  of  the 
Italian  Crovemment.  Mr.  Luiggi  recommends  an  increase  in  the  cement  up  to  250 
kilograms  if  the  concrete  is  to  be  used  for  piles,  bridges,  boats,  or  other  structures 
which  are  subjected  to  vibrations,  shocks,  etc.  The  materials  should  be  carefully 
inspected  and  manipulated,  the  exterior  finish  should  be  richer  than  the  concrete, 
so  as  to  assure  an  impervious  skin.'  It  is  absolutely  necessary  that  this  should  be, 
especially  if  the  concrete  is  reinforced  concrete,  for  the  reinforcement  must  be  pro- 
tected from  corrosion  by  action  of  the  sea  water. 

The  Prussian  Government'  constructed  some  test  concrete  blocks  and  placed 
them  in  the  dikes  in  Westerland.  Part  of  the  blocks  were  stored  for  three  months 
and  a  part  for  12  months  in  wet  sand.  They  were  then  exposed  to  the  full  force  of 
the  sea  action,  both  chemical  and  physical.  Some  of  the  blocks  were  1  part  cement, 
4  parts  of  the  aggregate,  and  some  1  part  cement,  1  part  trass,  and  4  parts  aggr^ate, 
several  brands  of  standard  Portland  cement  being  used.  The  results  showed  that  the 
1:4  blocks  stored  only  three  months  in  wet  sand  disintegrated  on  the  sur^e,  particu- 
larly at  the  comers;  those  stored  one  year  were  good.  In  the  case  of  the  1:1:4  blocks 
the  1-year-old  blocks  showed  no  signs  of  damage,  while  the  surfaces  of  3-months  blocks 
were  slightly  attacked  after  one  year.  The  experiments  are  not  completed  as  yet. 
It  is  intended  to  carry  them  on  over  a  period  of  30  years. 

During  the  French  ownership  of  the  Panama  Canal  a  breakwater  was  constructed 
to  protect  Colon  Harbor.  This  consisted  of  large  rocks  covered  with  concrete  blocks. 
The  work  was  carried  on  in  1886.  Although  the  rocks  show  signs  of  weathering,  the 
concrete  blocks  are  in  very  good  condition.  Their  faces  are  hard  and  firm  and  show 
no  signs  of  disintegratuig.  Photographs^  show  the  faces  pitted,  but  this  is  to  be 
expected  aftej*  one-quarter  of  a  century  exposure  to  constant  wave  action.  An  analysis 
showed  the  mixture  used  in  the  blocks  to  have  been  1  of  imported  cement,  2  of  Pacific 
Ocean  sand,  3  of  Bahia  rock,  a  proportion  which  should  give  an  impermeable  mixture 
able  to  resist  the  action  of  the  heavy  seas  continuously  beating  on  the  blocks.  The 
large  rocks  used  as  a  backing,  which  show  signs  of  wear,  were  from  the  same  source  as 
the  stone  aggregate  of  the  concrete.  All  materials  were  purchased  under  the  most 
rigid  specifications,  and  judging  by  the  results  obtained  the  workmanship  must  have 
been  equally  as  good,  as  an  impermeable  and  tough  concrete  wa^  the  result. 

1  Inspector  general  royal  corps  of  civil  engineers,  Italy. 

s  Engineering  Congiess  of  Buenos  Aires,  1910,  Armored  Cement  in  Maritime  Structures,  by  Luigi  Luiggi. 

•  Engineering  Record,  vol.  62,  p.  237. 

*  Harvard  Engineering  MagOEine,  Vol.  IX,  No.  4. 
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In  general,  the  waters  of  the  East  and  North  Rivers  are  not  as  yet  so  dirty  that  con- 
crete will  not  set  in  them,  so  the  backing  in  the  rear  of  the  granite  facing,  extending 
from  about  2  feet  below  low  water  to  about  2}  feet  above  mean  hig^  water,  ia  still 
built  of  concrete  deposited  in  place,  the  mixture  being  1:2:5.  Excepting  for  the 
lower  2  feet,  this  concrete  is  laid  dry,  the  work  of  constructing  the  backing  being  con- 
tinued as  long  as  it  is  possible  to  keep  ahead  of  the  rising  tide.  At  the  end  of  eacli  di^a 
work  the  end  of  the  new  concrete  is  protected  by  moldboards  to  prevent  all  wadi. 
On  resumption  of  the  work,  the  surface  of  the  concrete  and  particularly  those  surfaces 
that  had  been  covered  with  water  and  all  concrete  that  had  taken  its  initial  set  was 
thoroughly  scraped  and  roughened  with  picks  and  washed  clean  hekxe  new  concrete 
was  placed  upon  it,  a  layer  of  1  to  2  mortar  being  first  spread  over  the  surface  of  the  old 
concrete.  By  following  out  these  directions  carefuDy  the  joints  were  difficult  to  trace. 
The  top  surface  of  the  completed  work  was  floated  with  1:2  mortar.  This  backing 
is  eventually  covered  by  the  fill  forming  the  maip:inal  street.  At  times  it  is  necesnnr 
to  uncover  the  concrete  backing  and  in  no  instance  has  any  sign  of  deterioration  or 
disintegration  been  discovered. 

As  the  newly  laid  concrete  was  exposed  to  the  action  of  the  sea  water  almost  as  soon 
as  laid,  and  except  for  the  upper  30  inches  was  submerged  twice  a  day,  the  forms  wa« 
not  removed  until  at  least  six  days  had  elapsed  after  completing  the  la3dng  of  the 
backing.  The  backing  would  remain  exposed  at  times  for  ovf^  a  year  before  the  area 
in  the  rear  of  the  wall  was  filled  in.  The  filling  as  a  rule  consisted  of  cellar  excavation, 
debris  from  torn-down  houses,  old  bricks,  and  sometimes  ashes  would  be  used  for  the 
entire  fill,  as  was  the  case  in  the  rear  of  Piers  13  and  14,  North  River.  This  fill  is 
saturated  with  water  each  high  tide,  so  that  the  concrete  is  undoubtedly  moist  at  all 
times. 

In  Boston  Harbor  considerable  use  ha?  been  made  of  concrete  in  dock  wo^.  Be- 
tween the  years  1899  and  1903  *  several  concrete  wharves  and  structures  were  built 
in  various  parts  of  the  harbor,  the  concrete  being  deposited  in  the  water.  The  mixture 
varied  from  1  :  2  :  5  to  1  :  2  :  2.  In  some  cases  a  mortar  facing  was  placed  on  the 
concrete. 

The  Dover  Street  Pier  was  built  of  1:2:5  concrete,  with  a  rich  mortar  &cing  1  inch 
thick,  applied  after  the  concrete  had  set.  The  concrete  disintegrated  badly,  the 
mortar  protection  peeling  off.  Where  it  remained  in  place  it  was  found  to  have  set 
up  very  hard  and  to  form  a  good  protection  to  the  concrete.  Undoubtedly  the  grease 
and  dirt  in  the  harbor  water  had  coated  the  ^e  of  the  concrete,  preventing  the  mortar 
from  adhering,  and  it  was  therefore  unable  to  protect  the  pier. 

In  another  case  where  five  piers  were  built  of  1 :2:4  concrete  laid  in  9  inch  layers  and 
thoroughly  tamped,  the  face  of  the  piers  being  protected  by  6  inches  of  fine  concrete 
of  the  same  proportions  as  that  of  the  backing,  four  were  badly  damaged,  while  one 
pier  for  some  reason  was  found  to  be  in  good  condition.  In  this  case  it  must  be  noted 
that  the  water  was  very  dirty,  a  condense  discharge  entered  the  harbor  within  90 
feet  of  the  work,  the  condensing  water  carrying  with  it  a  large  quantity  of  oil.  The 
resulting  concrete  was  rotten,  and  stones  could  be  readily  picked  out  ci  the  mass,  a 
yellowish  white  salt  was  noted  on  the  concrete  fatces. 

Another  dock  biiilt  in  dirty  oily  water  of  1:2:2  concrete  withstood  the  elements  no 
better  than  the  1:2:5  pier. 

At  the  Charlestown  Navy  Yard,  a  three-inch  1:1  mortar  face  with  2  feet  of  1:2:4 
concrete  backing,  and  a  1:3:6  concrete  core  disintegrated  badly.  The  mixture  used 
was  very  dry,  it  was  lowered  into  place  in  an  open  bucket  being  dumped  on  reaching 
the  bottom.  Each  days  work  could  readily  be  picked  out  on  the  hice  of  the  concrete, 
the  result  was  very  unsatisfactory,  the  concrete  face  was  badly  pitted,  the  interior 

>  Engiiieeriiig  Record,  toI.  03,  p.  01»-10,  Jqim,  1911;  vol.  04,  p.  371-23,  September,  lUl. 
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€<mcrete  was  in  a  very  bad  condition.  The  form  of  bucket  used,  open  at  the  top, 
expoeed  concrete  to  the  wash  of  the  water  as  it  was  lowered  into  place  and  a  great  d^ 
of  cement  was  undoubtedly  washed  out.  The  tipping  of  the  bucket,  to  empty  it,  dis- 
turbed the  concrete  and  the  ingredients  were  separated  to  a  certain  extent,  the  con- 
crete not  setting  properly.  The  examination  of  the  work  after  its  completion  s^med 
to  indicate  that  the  reasons  just  given  were  the  cause  of  the  condition  of  the  dock. 

In  none  of  the  cases  cited  above  was  a  cofferdam  used,  the  concrete  being  lowered 
to  place  and  deposited  under  water  in  buckets.  The  tide  rose  and  fell  inside  of  the 
forms.  The  concrete  below  low  water  was  found  on  examination  to  be  generally  in 
good  condition;  this  concrete,  however,  had  not  been  disturbed,  once  deposited  in 
place,  nor  was  there  any  percolation  through  it  as  the  tides  changed. 

The  Florida  East  Coast  Railway  has  used  concrete  extensively  in  seawater.  This 
railroad  was  extended  south  to  Key  West  on  a  monolithic  concrete  arch  viaduct, 
running  from  key  to  key. 

Mr.  0.  S.  Coe,  Membcor  American  Society  Civil  Engineers,  engineer  maintenance  of 
way,  in  answer  to  a  letter  from  the  writer,  wrote  as  follows: 

*  *  *  Our  oldest  concrete  work  in  salt  water  was  constructed  in  the  ffdl  of  1906. 
This  was  made  from  a  mixture  of  1  part  Gorman  Alsen  cement,  2  parts  silica  sand, 
and  4  parts  of  gravel.  The  concrete  was  laid  as  a  monolith  in  place.  We  have  been 
placing  concrete  continuously  since  1906,  except  for  a  short  int^val  in  1908  and  since 
1910  we  have  changed  our  mixture  to  1  pEurt  of  German  Alsen  cement  to  4  parts  broken 
coral  rock,  the  rock  broken  so  fine  as  to  require  no  sand  to  fill  the  voids.  Up  to  the 
present  time  we  have  noticed  no  disinteg^tion  of  any  of  our  concrete  work  and  our 
explanation  of  this  is  that  we  use  a  cement  under  water  which  has  lees  than  1^  per  cent 
of  the  sulphurous  anhydrates  and  the  fact  that  our  mixture  has  a  very  large  excess  of 
mortar,  wnich  makes  the  concrete  so  dense  as  to  permit  little  or  no  water  to  penetrate 
the  concrete  itself. 

The  engineers  of  the  East  Coast  Railway  wishing  to  obtain  an  impermeable  concrete, 
made  their  mixture  with  an  excess  of  mortar,  so  that  there  would  be  no  doubt  that  all 
the  voids  in  the  stone  would  be  thoroughly  filled  and  each  stone  be  covered  with 
mortar,  thus  insuring  a  solid  mass,  which  being  practically  impervious  to  water  was 
able  to  resist  the  action  of  the  salt  water  and  to-day  the  oldest  section  about  nine 
years  old  shows  no  signs  of  deterioration,  in  fact  none  of  the  work  shows  any  effect 
of  the  water  on  the  concrete.  The  great  care  given  to  their  work  by  the  railroad  engi- 
neers has  more  than  repaid  itself  by  the  good  results  obtained  and  the  little  trouble 
they  have  had  in  maintaining  the  structures,  for  as  Mr.  Coe  says  there  are  no  signs 
of  deterioration  of  the  concrete. 

Through  the  courtesy  of  Civil  Engineer  L.  M.  Cox,  United  States  Navy,  Member 
American  Society  Civil  Engineers,  the  writer  was  able  to  examine  the  concrete  bulk- 
head wall  of  the  Wallabout  improvement,  Brooklyn,  N.  Y.  The  portion  of  the  wall 
studied  was  completed  about  19  years  ago.  It  was  found  to  be  in  perfect  condition,  the 
^  surface  of  the  concrete  was  firm  and  hard  and  showed  no  signs  of  deterioration,  although 
the  water  in  which  it  stood  was  very  dirty  and  a  thick  scimi  of  dirt  and  oily  material 
adhered  to  the  surface  of  the  ccmcrete.  In  carrying  out  this  work  the  effort  of  the  engi- 
neer was  to  obtain  a  ''dense  and  impervious  mortar  in  the  face  of  the  wall";^  there 
seems  no  doubt  that  he  succeeded  in  lus  endeavor.  The  concrete  was  laid  dry  in 
8-inch  layers  thoroughly  nunmed,  the  mold  boards  were  not  removed  until  after  the 
expiration  of  about  one  month  after  the  completion  of  a  section.  The  concrete  was 
mixed  1  part  of  Portland  cement,  2  parts  of  sand,  and  4  parts  of  broken  stone  or  gravel, 
the  8-inch  facing  was  mixed  1  part  of  cement,  2  parts  of  sand,  and  from  2  to  3  parts  of 
screenings  or  fine  gravel.  The  concrete  was  mixed  fairly  stiff,  the  specifications 
leadasfollowB:* 

(J)  The  concrete  shall  be  mixed  with  no  more  water  than  it  will  take  without 
quaking  or  showing  a  water  surfeu^  under  ramming. 

TnuttMtiQns  Am.  8oo.  C.  E.,  yoI.  87,  p.  619.  >  UM,  aopnu 
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The  concrete  had  an  opportunity  to  season  before  being  exposed  to  the  direct 
action  of  the  dirty  waters  of  the  Wallabout  Basin  an  inlet  with  little  or  no  current,  and 
therefore  no  eroding  due  to  ice  and  other  drifting  materials  was  noticeable,  and  the 
concrete  face  was  in  good  condition  between  wind  and  water. 

Failures  are  recorded  as  at  Calais,  Boulogne,  and  the  Russian  ports  of  the  Black  and 
Caspian  Seas,  where  concrete  has  deteriorated  badly  and  the  structure  required 
rebuilding. 

Mr.  W.  Czarmonski '  made  a  thorough  exanunation  of  the  Russian  Harbor  works 
and  found  that  the  disintegration  due  to  sea  water  manifests  itself  in  two  ways,  blocks 
exposed  to  the  direct  action  of  the  water  are  attacked  chemically,  hydrate  of  lime 
forming  near  their  outer  surfaces  and  hydrate  of  magnesia  and  sulphoalluminate  of 
lime  in  their  interior,  salts  which  tend  to  destroy  the  structure  of  the  concrete  blocks 
by  swelling  and  causing  them  to  crack.  The  constant  wearing  of  the  waves  erode  their 
surfaces,  gradually  wearing  them  away. 

Erosion  of  concrete  is  to  be  expected  where  it  is  exposed  to  the  action  of  the  waves 
and  sands.  On  the  north  shore  of  Long  Island  a  concrete  anchor  block  was  built 
of  1 : 2 : 4  concrete.  The  cement  was  a  first-class  American  Portland  cement,  the  sand 
was  ordinary  Long  Island  sand,  and  the  gravel  used  was  obtained  from  the  beach. 
This  block  was  built  in  1900  and  for  several  years  lay  on  the  beach  during  the  winter 
months,  while  in  the  summer  it  was  submerged  as  an  anchorage.  Finally  it  remained 
on  the  beach  imdisturbed  for  several  years  submerged  each  tide,  until  it  was  carried 
oft  by  the  ice  about  12  years  after  it  was  originally  built.  The  concrete  was  hard  and 
firm  and  the  block  was  still  serviceable  as  an  anchorage  or  even  as  a  small  concrete 
block  for  construction  purposes.  When  originally  cast  the  sides  were  smooth  and  the 
comers  sharp,  while  after  about  12  years  the  comers  were  worn  roimd  and  in  places 
the  faces  were  pitted;  considering,  however,  no  especial  care  was  taken  of  this  block, 
that  it  had  been  exposed  to  the  action  of  the  winds  and  waves,  the  drifting  sands  and 
shingle,  the  physical  effect  of  the  elements  was  practically  nothing  and  far  as  could  be 
determined  by  a  physical  examination  the  concrete  was  not  undergoing  any  chemical 
change.  This  concrete  was  mixed  fairly  wet  and  it  was  thoroughly  tamped.  In 
actual  practice  concrete  would  not  be  as  maltreated  as  this  block  was,  although  in 
places,  such  as  the  European  breakwaters,  constructed  in  salt  water  and  thoee  on  the 
Great  Lakes,  subjected  to  the  action  of  fresh  water,  the  concrete  is  severly  punished 
by  the  storms. 

At  Warren,  R.  I.,'  concrete  piers  about  30  years  old  have  been  badly  worn  away 
from  4  to  8  inches,  by  water  flowing  about  8  miles  an  hour.  The  granite-faced  pien 
show  no  signs  of  having  been  affected  by  the  tides.  The  pointing,  however,  has  been 
cut  out  between  high  and  low  water  in  many  places  for  a  depth  of  over  2  inches. 

Pier  No.  1,  North  River,  is  founded  on  cribs  and  concrete  block  piers  brought  up  to 
about  low  water  and  from  there  up  the  concrete  was  laid  in  forms,  the  work  being  kept 
ahead  of  the  tides  so  that  none  of  the  concrete  was  laid  under  water.  The  piers  were  ^ 
connected  with  concrete  arches.  This  dock  has  now  been  ccmipleted  about  40  yean 
and  to-day  is  in  very  good  condition.  The  intrados  of  the  arches  at  about  one-half  tide 
have  been  badly  eroded  in  places  about  6  inches  deep.  The  flotsam  and  jetsam  and 
ice  floating  in  the  river,  the  action  of  the  tides  flowing  through  the  arches  were  the 
prime  cause  of  this  damage.    The  concrete  in  sjHte  of  the  abrasion  is  hard  and  firm. 

Wherever  the  writer  has  constmcted  concrete-faced  sea  walls  the  worst  conditions 
have  invariably  been  found  between  wind  and  water,  where  the  concrete  was  alter- 
nately wet  and  dry  and  in  the  winter  alternately  froze  and  thawed.  The  faces  weie 
badly  pitted  and  affected  by  the  elements.  Fiost  had  imdoubtedly  considerable  to 
do  with  the  condition  of  the  concrete  face,  gravel  concrete  not  standing  up  as  well  as 
that  mixed  with  broken  stone. 

>  Intenifttiooal  Anoetotloo  for  Testing  Ibkterlftls,  fifth  CongrasB,  CopenbAgen. 

*  FrooMdlDgsof  tlM  RaSway  8iip«rlnt«Ddiot8  of  Bridges  and  Biiildiiig^  yoL  17, 1907. 
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The  writer's  experience  with  concrete  and  erosion  between  high  and  low  waters 
has  been  that  of  many  engineers.  The  chief  engineer  of  the  Intercolonial  Railway, 
Canada,  writes: 

In  piers,  abutments,  dock  walls  between  high  and  low  water,  water  marks  in  tidal 
waters,  concrete  surfaces  are  not  proving  satisfactory  in  places  where  exposed  to 
alternately  freezing  and  thawing  between  tides  in  winter  and  to  wet  and  diy  condi- 
tions in  summer. 

The  Canadian  winter  is  considerably  colder  than  that  of  New  York  City,  but  the 
climate  here  is  very  changeable;  to-day  the  thermometer  may  be  down  around  zero 
while  to-morrow  it  may  be  summer  heat.  This  kind  of  weather  is  really  much  worse 
for  the  concrete,  as  the  warm  spells  cause  the  ice  to  break  away  and  the  river  may  be 
filled  with  floating  ice  fields  for  days,  which  erode  the  concrete  surfaces,  causing 
considerable  damage.  The  best  protection  against  the  eroding  effect  of  the  water 
and  ice  is  to  protect  those  portions  which  lie  between  wind  and  water  with  a  granite 
or  other  hard  stone  veneering.  A  wall  so  built  and  properly  cared  for  will  require 
practically  no  repairing  excepting  it  will  need  repointing  at  times. 

Concrete  blocks  made  on  land  and  cured  in  moist  air  before  setting  in  place,  if  of  a 
proper  mixture,  will  withstand  the  action  of  the  elements  better  than  blocks  set  in 
the  water  immediately  after  fabricating  or  than  concrete  laid  in  place  in  and  under 
water,  even  if  of  the  same  rich  proportions.  At  Scheveningen,  Holland,  the  blocks 
made  of  1  part  of  cement,  i  part  of  trass,  3  of  sand,  and  5  of  broken  stone  built  and 
cured  on  land  have  not  shown  any  signs  of  having  been  hurt  by  the  sea  water,  although 
exposed  to  the  action  of  the  waves  of  the  North  Sea  for  about  12  years,  while  the  same 
mixtiire  subjected  to  percolation  shortly  after  being  made  Ib  cracking  and  disin- 
tegrating. It  is,  in  fact,  generally  conceded  that  blocks  show  less  resistance  to  the 
action  of  the  water  if  immersed  immediately  after  completion.  In  Europe  a  very  rich 
mixture  Ib  required;  a  great  many  engineers  add  trass,  puzzolana  or  some  other  silidous 
material  to  the  mixture.  This  should  be  finely  ground  and  thoroughly  mixed  with 
the  cement  before  the  concrete  is  made.  Commander  Luigi  Luiggi  is  a  strong  advo- 
cate of  the  use  of  puzzolana  in  concrete  to  be  used  in  sea  water. 

The  use  of  silicious  materials  is  not  essential,  however.  The  writer  a  ehort  time 
ago  had  the  opportunity  of  examining  the  United  Fruit  Co. 's  dock  at  Almirante, 
Panama,  in  company  with  Mr.  T.  Howard  Barnes,  member  American  Society  Civil 
Engineers,  the  designer  and  chief  engineer.  This  pier  is  supported  on  wooden  piles 
protected  from  the  teredo  by  a  reinforced  concrete  ehell  and  built  up  to  grade  with 
ferroconcrete  i)osts,  beams,  and  deck.  The  structure  was  about  seven  years  old  when 
visited  by  the  writer.  The  prevailing  effort  during  the  construction  was  to  make 
as  dense  and  impermeable  concrete  as  possible,  this  evidently  had  oeen  accomplished, 
as  the  wharf  was  in  perfect  condition,  excepting,  peihape,  a  few  isolated  spots  where 
the  reinforcement  had  been  placed  too  near  the  surface  and  rust  marks  were  plainly 
visible;  these,  however,  were  being  repaired.  The  concrete  was  mixed  1  part  of 
cement,  2  parts  of  sand,  and  4  parts  of  broken  stone,  the  condition  of  the  pier  con- 
clusively proved  that  this  was  the  correct  mixture  for  the  materials  used;  it  is  very 
necessary  that  the  materials  be  studied  and  analyzed  before  the  proportions  are 
finally  determined. 

Many  experiments  have  been  carried  on  to  determine  the  resistance  of  concrete 
and  reinforced  concrete  to  the  action  of  sea  water.  In  1896  Prof.  Miller  ^  carried  on 
some  experiments  in  the  North  Sea  to  determine  the  effect  of  sea  water  on  concrete. 
Several  plates,  2}  inches  thick,  reinforced  with  iV-iQch  round  rods,  were  built  of 
concrete  mixed  1:2^:2,  the  two  parts  of  stone  consisting  of  beach  gravel  shingle, 
crushed  to  pass  through  a  three-foiu1;hs-inch  ring.  These  plates  were  allowed  to  set 
40  days  before  being  exposed  to  salt  water  and  were  then  set  up  as  the  sides  of  a  tnin- 

>  Inttfniatioiial  ABsoedation  for  Testing  Materials,  Fifth  Congnss,  Copenhagen,  1900. 
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cated  roctangular  pyramid,  resting  on  a  foundation  of  1:3:3  concrete  laid  Id  place. 
All  joints  between  the  plates  were  filled  with  1:2)  mortar  and  grouted  -^th  pure 
cement.  The  ground  inside  the  pyramid  was  paved  with  1:3:3  concrete  about  2 
inches  thick,  the  interior  was  then  filled  with  beach  sand,  a  mixture  of  sand  and  clay, 
and  the  top  of  the  structure  was  covered  with  1:3:3  reinforced  concrete  about  2  inches 
thick.  The  structure  was  built  directly  on  the  beach,  so  located  as  to  be  covered 
with  water  each  high  tide,  it  being  submeiged  at  times  over  a  yard  deep. 

The  concrete  was  carefully  examined  from  time  to  time.  The  first  signs  of  disin- 
tegration was  noticed  in  the  concrete  laid  en  masse  in  sitd.  Holes  began  to  appear 
in  the  top  slab;  these  were  at  first  repaired,  until  finally  it  was  decided  to  abandon 
all  repairs  to  the  concrete  and  let  the  action  of  the  elements  complete  the  destruction. 
As  the  holes  grew  larger,  the  reinforcement  was  exposed,  which  soon  rusted  away, 
eventually  it  was  found  necessary  to  cover  the  top  of  the  structure  with  coarse  sand 
to  protect  the  fill  and  prevent  it  from  being  washed  out. 

After  13  years  the  structiu^  was  demolished,  the  plates  being  preserved.     The 
reinforced  concrete  plates,  which  were  made  on  land  and  were  not  exposed  to  the 
action  of  the  salt  water  until  they  had  been  allowed  to  set  about  six  weeks  behaved 
well,  their  surfaces  being  only  slightly  roughened.    This  was  probably  due  to  the 
physical  action  of  the  drifting  sands.    The  concrete  laid  in  place,  with  little  oppor- 
tunity to  set  before  the  tides  rose  and  covered  it,  soon  showed  signs  of  distress.    This 
concrete  seems  to  have  set  and  hardened  at  first,  and  then  to  have  grown  soft  and 
crumbled  away,  holes  appeared  in  the  surfaces  and  the  reinforcement  was  exposed 
to  the  action  of  the  waves.    The  steel  being  alternately  wet  and  dry  soon  rusted  awsf, 
the  top  slab  would  have  failed  if  it  had  not  been  supported  by  the  filling  of  the  pyramid. 
Fresh  concrete  must  be  protected  from  the  water  and  not  be  exposed  too  soon  to  the 
direct  action  of  the  tides  and  waves.    The  alternate  freezing  and  thawing  in  the  winter 
and  the  wet  and  dry  condition  during  the  summer  will  soon  tend  to  cause  the  structure 
to  fail,  particularly  if  the  mass  is  porous.    The  brownstone  so  much  used  in  building 
in  the  city  of  New  York  30  years  and  more  ago  is  a  very  good  example  of  what  will 
happen  to  a  porous  material  in  a  climate  similar  to  that  enjoyed  by  New  York. 

The  plates  which  were  made  of  a  rich  mixture  and  thorou^ly  cured  on  land  with- 
stood the  attacks  of  the  elements  well,  in  13  years  their  surfaces  were  barely  roughened. 
These  plates,  however,  were  carefully  made,  the  concrete  was  dense,  ^ey  fulfilled 
the  requirements  for  concrete  which  is  to  be  used  in  sea  water.  It  must  be  dense  in 
order  to  be  impermeable  and  impermeability  is  required  of  the  concrete  if  it  is  to 
resist  the  action  of  sea  or  other  water,  which  may  contain  injurious  salts.  There  is  no 
doubt  that  if  Dr.  MGller  had  made  the  field  concrete  of  a  richer  mix  than  the  plates,  it 
would  have  failed.  The  temperature  of  the  water  was  low,  below  60**  F. ,  in  itself  suifi- 
cient  to  retard  the  setting  of  the  cement,  especially  if  the  mass  is  covered  with  water 
a  few  hours  after  completion.  The  concrete  laid  in  place  seems  to  have  been  affected 
chemically,  as  a  whitish  efflorescence  covered  its  sur^e,  a  similar  action  being  observed 
by  Dr.  MGller  in  other  North  Sea  structures  he  examined. 

Europe  has  advanced  in  the  use  of  reinforced  concrete  further  than  America.  It 
is  used  in  the  construction  of  docks,  sea  walls,  breakwaters,  etc.,  and  there  is  no  better 
opportunity  than  abroad  to  study  ferroconcrete  structures.  Flobably  the  best  known 
harbor  works  are  those  of  the  Southampton  Dock  Improvement,  Southampton,  Eng- 
land. The  piers  and  bulkhead  platforms  are  entirely  built  of  reinforced  concrete 
founded  on  armored  piles.  The  piles  are  made  of  a  very  rich  mixture,  1  part 
of  cement  to  3  parts  of  sand  and  gravel  as  dredged  from  the  Solent,  this  makes  a 
mixture  of  1: 2: 2.  The  piles  were  carefully  cast  on  shore,  at  first  in  an  upright  posi- 
tion, later  horizontally  on  the  ground .  The  concrete  was  mixed  fairly  stiff  and  plastic 
and  thoroughly  tamped  in  layers  not  exceeding  6  inches  in  thickness;  after  the  molds 
had  been  removed  the  piles  were  allowed  to  season  for  not  less  than  one  month  before 
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they  were  driven  in  the  work;  in  spite  of  the  rough  handling,  they  were  subjected 
to,  none  of  the  piles  was  broken  during  the  driving. 

Wherever  proper  precautions  have  been  taken  in  constructing  the  ferroconcrete 
piles  to  make  them  dense  and  water-tight,  they  have  invariably  given  satisfaction. 
Mr.  Wentworth-Shields,  chief  engineer  of  the  Southampton  Docks,  England,  re- 
quires 2  inches  of  concrete  as  a  protection  to  the  metal,  and  further  insists  that  the 
piles  have  ample  time  to  cure  before  they  are  driven.  The  thickness  of  the  covering 
varies  considerably,  as  many  opinions  as  there  are  engineers  expressing  them,  but 
they  are  all  in  accord  in  insisting  on  a  richer  concrete  when  it  is  exposed  to  the  action 
of  the  sea  water,  and  every  effort  should  be  made  to  obtain  as  impermeable  a  mass  as 
possible.  Commander  Luigi  Luiggi  requires  an  exterior  skin  of  1:1,  which  engineers 
consider  water-tight.  The  concrete  must  be  very  compact  about  the  reinforcement. 
Goi.  Edward  Burr,  United  States  engineer,  recommends  that  the  surface  of  the  con- 
crete be  finished  with  two  coats  of  neat  cement  well  brushed  in.  Structures  finished 
in  this  manner  have  successfully  resisted  the  severe  climates  of  northern  United 
States. 

Frequently  iron  which  has  been  embeded  in  concrete  for  years  has  been  uncovered 
and  found  to  be  free  from  rust,  thus  showing  that  concrete  can  and  does  act  as  a  pro- 
tection, as  may  be  seen  from  the  following  quotations: 

Some  alterations  in  a  dock  (Liverpool)  had  required  the  breaJdne  through  of  one 
of  the  walls  in  which  were  several  three-fourths-incn  rods.  They  had  been  in  the  work 
for  some  years,  and  were  absolutely  without  rust.    *    *    * 

In  Berun,  1880,  he  also  saw  the  concrete  work  which  formed  the  lower  half  of  a  sewer 
then  under  construction  and  still  exposed  to  the  sun .  The  interior  was  actually  dusty, 
while  the  ground- water  stood  above  the  bottom  of  the  sewer  on  the  outside,  proving 
that  with  good  materials  and  workmanship,  it  was  entirely  practicable  to  make  water- 
tight concrete.    *    *    *.i        • 

In  1907  a  block  was  broken  off  from  the  pier  constructed  in  the  Bay  of  Audieme, 
France.  The  anchoriuR  steel  rod  was  in  a  perfect  state  of  preservation,  although  it 
had  been  embedded  in  me  sea  water  since  1848.' 

A  steamer  was  in  collision  with  the  coal  wharf,  at  Southampton,  some  piles  were 
broken,  and  this  accidoit  exposed  the  reinforcement  which  was  found  to  be  free  from 
rust,  a  few  days  sufficed  to  repair  the  damage  and  the  dock  was  hardly  out  of  commis- 
sion. That  the  steel  was  not  rusted  indicated  that  the  concrete  was  impermeable 
uid  was  properly  protecting  the  reinforcement  from  the  seawater,  and  as  long  as  this 
is  the  case,  there  is  little  danger  of  the  dock  failing. 

Numerous  other  examples  could  be  cited,  where  iron  has  been  embedded  in  con- 
crete over  100  years  and  on  being  uncovered  was  found  to  have  been  thoroughly 
{protected  by  the  concrete  envelope. 

Reinforced  concrete  has  been  put  to  many  uses,  thus  in  Italy  and  other  countries, 
we  find  reinforced  pontocms  for  bridges  and  reinforced  ferry  boats,  caissons  lor  foun- 
dations are  built  on  shore,  launched  and  towed  to  the  site  of  the  work  and  there  sunk 
to  place,  being  filled  with  concrete.  The  breakwater  at  Zeebrugge  at  the  entrance 
of  the  Bruges  Canal  was  built  in  this  manner.  The  caissons  were  st(Nred  in  the  basin 
at  the  mouth  of  the  canal,  where  the  writer  examined  some  of  them  which  had  been 
lying  there  for  several  months  and  found  no  signs  of  leaks.  These  caissans  had,  how- 
ever, been  manu^tured  on  land  and  had  been  allowed  to  season  before  they  were 
placed  in  the  water  and  this  probably  had  a  great  deal  to  do  with  the  condition  at  the 
time  of  the  writer's  visit  to  Zeebrugge. 

The  Dutch  have  used  reioiorced  concrete  to  a  great  extoit  in  protecting  their  shores, 
in  the  construction  of  groynes,  breakwaters,  such  structures  being  exposed  to  the 
violence  of  the  most  severe  storms  and  hurricanes  and  therefore  thoroughly  tested 


1  Transaotioiis  Am.  Boo.  C.  £.,  Vol.  LXn,  p.  150. 
*  National  ABsodation  of  Cement  Users,  vol.  7,  p.  883. 
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as  to  efficiency.  Groynes  built  at  Groot,  Keeten,  and  Vlieland  in  1910  *  were  made 
of  concrete  mixed  1  part  of  cement,  one-third  part  of  tiass,  one-third  part  of  aand, 
and  2}  parts  of  gravel  and  1  part  of  cement  and  one-half  part  of  trass,  3  parts  of  sand 
and  4i  parts  of  gravel,  respectively.  The  cement  used  was  slow  setting  and  the 
trass  was  added  to  the  concrete  as  an  additional  protection  against  the  chemical 
action  of  the  sulphates  contained  in  the  sea  water.  The  use  of  trass  or  other  ailicecms 
materials  added  to  the  cement  is  advocated  by  many  European  engineers,  and 
wherever  it  has  been  used  better  results  have  been  obtained  than  with  concrete  mixed 
without  any  additional  material.  The  mixtures  were  made  rich  so  as  to  thoioug^y 
protect  the  reinforcement  from  the  water.  Even  with  the  addition  of  pozzolana, 
the  resulting  concrete  is  better  if  permitted  to  thoroughly  season  before  being  sub- 
jected to  the  action  of  the  waves  and  water  generally;  in  hct,  no  matter  how  rich 
the  mixture  may  be,  the  concrete  which  has  been  cured  before  being  placed  in  the 
water  will  wear  more  satis&u^torUy  than  that  which  is  subjected  to  its  action  immedi- 
ately after  it  has  been  made,  or  that  which  has  been  deposited  directly  in  water. 

Concrete  has  been  deposited  under  water  on  the  Great  Lakes  with  great  sacceaB  by 
Mr.  Clarence  Coleman,  who  constructed  during  the  winter  of  1901 '  subaqueous 
blocks  of  monolithic  concrete  at  the  outer  end  of  the  north  pier  of  the  Duluth  Ship 
Canal.    The  concrete  was  laid  in  20  feet  of  water,  the  work  being  commenced  about 
the  end  of  November.    The  concrete  consisted  of  20  pounds  of  cement,  one-half  cubic 
foot  of  sand,  and  1  cubic  foot  of  pebbles,  mixed  very  wet,  and  deposited  by  means 
of  a  1-yard  bucket  with  doors  at  the  bottom,  which  allowed  the  concrete  to  be 
deposited  with  the  minimum  disturbance.    In  April,  1902,  the  molds  were  removed 
and  the  concrete  examined.     The  face,  which  could  be  seen  for  a  distance  dowa 
from  12  to  15  feet,  presented  a  good  appearance;  further  tests  made  since  have 
proven  the  mass  to  be  a  first-class  concrete.   This  worki  which  was  part  of  the  im|m>ve- 
ments  being  carried  on  by  the  United  States  Engineering  Corps  on  the  Lakes,  was 
the  pioneer  work  and  in  many  other  places  concrete  has  been  equally  succesafully 
placed  directly  in  fresh  water,  following  Mr.  Coleman's  plan,  and  using  the  same 
care  that  he  always  insisted  upon. 

Although  the  face  of  the  concrete  laid  subaqueously  may  be  firm  and  hard  and  may 
wear  well,  erosion  occurs  above  the  low  water  line  particularly  if  the  structure  is  ex- 
posed to  the  batter  of  the  waves  or  the  direct  eroding  of  the  current.  An  interesting 
example  of  the  resistance  to  eroding  of  the  mortar  in  the  longitudinal  joints  of  the 
flooring  of  the  21-foot  high  and  18  feet  10  inches  wide  horseshoe  tail  race  tunnel  of 
the  Niagara  Falls  Power  Company,  was  told  the  writer  by  Mr.  A.  H.  Van  deve, 
M.  Am.  Soc.  C.  E.  During  the  construction  of  these  tunnels  the  greatest  care  was 
exercised  to  obtain  the  best  results,  so  as  to  avoid  future  trouble,  which  eventually 
might  lead  to  a  breakdown.  They  were  lined  with  a  first-class  paving  brick,  laid  in 
mortar  with  shoved  joints,  care  being  taken  to  have  all  the  joints  completely  filled 
with  a  fairly  stiff  mortar,  composed  of  1  part  of  American  Portland  cement  to  3  parts 
of  a  well-graded  sand  containing  considerable  iron  oxide.  As  water  was  continually 
flowing  through  these  tunnels,  the  flooring  was  laid  in  sections,  the  water  being  di- 
verted so  that  the  mortar  had  ample  opportunity  to  set,  in  moist  air,  before  being 
subjected  to  the  action  of  water  flowing  over  it. 

Aiter  the  tunnels  had  been  used  for  about  13  years,  a  thorough  examination  was 
made  of  the  lining  by  Mr.  Van  Cleve.  It  was  found  that  the  longitudinal  jointB 
had  been  cut  out  in  places,  sometimes  for  distances  of  about  200  feet  in  length,  tilie 
mortar  having  been  removed  by  the  scouring  action  of  the  fast-flowing  water  to  a 
maximum  depth  of  about  1  inch.  This  scouring  was  only  noticed  on  the  flooring, 
and  there,  only  in  a  few  instances;  the  remainder  of  the  tunnel  showed  no  signs  of 

I  l>weUth  InteniatiQiial  Coogrofli  of  NaTlgitioii,  Rept  No.  flS. 
*  TnumotiODS  Am.  Soo.  C.  B.,  Vol  LIV,  A,  p.  870. 
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having  been  acted  upon  by  the  water,  which  was  flowing  at  the  rate  of  27  feet  a  second. 
Under  normal  conditions  the  tunnel  is  full  of  water. 

In  order  that  the  concrete  may  better  resist  the  action  of  the  elements,  a  richer  mix 
is  used  to  make  all  exposed  sur&tces,  so  that  the  concrete  may  be  as  impermeable 
as  possible,  or  some  siliceous  material  is  added  to  the  ingredients.  There  is  no  diepute 
as  to  the  \alue  of  the  addition  of  puzzolana,  trass  or  some  other  siliceous  material  to 
the  concrete;  the  old  structures  built  of  puzzolana  and  lime  by  the  Romans  are  stand- 
ing to-day,  the  concrete  being  in  good  condition.  Waterproofing  materials  usually 
contain  considerable  silica.  That  used  at  St.  Louis  on  the  reinforced  concrete  reser- 
voir and  coagulation  plant  ^  contained  60  per  cent  of  silica;  the  concrete  in  this  case 
was  mixed  1  part  of  cement,  1^  parts  of  sand,  and  3  parts  of  limestone  screenings 
run  through  a  three-fourths  inch  mesh,  with  the  addition  of  10^  pounds  of  water- 
proofing to  each  barrel  of  cement.  Especial  care  was  taken  to  make  the  joints 
water-tight,  but  after  the  reservoir  had  been  in  conunission  a  few  leaks  developed 
which,  however,  seem  to  be  gradually  closing  up. 

The  necessity  of  preventing  the  water  from  percolating  through  the  mass  of  the  con- 
crete, particularly  water  containing  sulphates,  is  to  prevent  these  salts  from  acting 
on  the  free  lime,  forming  calcic  sulphate  and  calcic  sulphoaluminate,  salts  which 
occupy  more  space  than  their  component  parts  and  therefore  cause  the  concrete 
to  crack  and  disintegrate.  The  addition  of  trass  and  puzzolana  to  a  certain  extent 
eliminates  this  danger,  but  as  the  action  of  the  siliceous  material  is  slow,  the  danger 
of  deterioration  exists  chiefly  immediately  after  the  concrete  is  exposed  to  the  water; 
therefore  the  concrete  should  have  an  opportunity  to  cure  as  long  as  possible  before 
being  placed  in  the  water.  This  is  borne  out  by  experience.  The  piles  at  Southamp- 
ton, England,  are  wearing  well  below  low  water,  but  above  they  are  not  as  satisfactory, 
the  outer  sur&M^es  scaling  off  in  places.  This  is  undoubtedly  due  to  the  fact  that  the 
pile  proper  had  ample  time  to  cure  in  the  air,  not  less  than  one  month,  while  the 
upper  portion  which  was  built  in  place,  was  exposed  to  the  action  of  the  water  within 
a  comparatively  short  time  after  the  pile  had  been  built  up  to  grade.  Only  a  few  bad 
spots  developed,  however. 

In  conclusion,  the  following  may  be  stated  as  the  conditions  which  are  necessary 
for  an  impervious  concrete,  as  determined  by  the  experience  of  the  writer  and  sup- 
ported by  the  examples  noted  above.  A  dense  concrete  impermeable  to  water  is 
required,  the  mixture  must  be  rich;  in  Europe  very  rich  mixtures  are  specified,  1  of 
cement,  1|  of  sand,  and  3  of  broken  stone.  It  is  impossible  to  lay  down  a  definite 
proportion  of  the  concrete,  for  the  sand  and  broken  stone  or  gravel  must  be  thor- 
oughly examined  and  the  proportion  determined  from  time  to  time  as  the  work  pro- 
greoes,  it  being  not  feasible  to  fix  a  mixture  and  adhere  to  it  during  the  entire  work, 
if  it  is  of  any  magnitude. 

If  the  conditions  are  such  that  the  concrete  must  be  exposed  to  the  action  of  the 
watOT  immediately  after  being  laid  the  mixture  must  be  increased  in  richness.  The 
sand  should  be  a  well-graded,  clean  sand,  free  from  all  foreign  matter  and  injurious 
materials.  The  broken  stone  or  gravel  ahould  be  well-graded,  clean  material,  free 
from  all  matter  injurious  to  the  concrete.  It  should  all  pass  a  three-fourths-inch 
mesh,  when  used  with  reinforced  concrete.  The  cement  should  be  a  slow-setting 
cement— it  should  not  set  within  one-half  hour  after  being  mixed  with  water.  The 
face  should  be  of  a  richer  mixture  than  the  mass  of  the  concrete;  this  should  be  laid 
at  the  same  time  as  the  core  so  as  to  insure  a  good  joint.  Whenever  the  concrete 
must  be  laid  directly  in  the  water  the  forms  should  not  be  removed  until  the  concrete 
has  had  ample  opportunity  to  set.  It  is  not  wise  to  expose  freshly  laid  concrete  to 
the  action  of  the  water  too  soon  after  laying. 

1  Tnoflaotlons  Am.  Soo.  C.  E.,  Vol.  LXXVn,  p.  1062. 
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The  addition  of  some  siliceous  material,  such  as  trass  or  puzzolana,  is  very  effectiye 
in  helping  the  concrete  to  withstand  the  action  of  the  salts  in  the  water.  The  free 
lime  in  the  cement  combines  with  the  silica,  the  concrete  is  more  stable  and  appar- 
ently not  affected  by  the  water;  as  this  process,  however,  is  slow,  concrete  laid  in 
water  en  mass6  in  sitd  should  not  be  exposed  to  the  action  of  the  waves  too  soon  alter 
laying,  even  if  it  has  a  certain  proportion  of  puzzolana  mixed  with  it.  The  chemical 
action  once  started,  the  destruction  of  the  softened  concrete  is  hastened  by  the  abra- 
sive action  of  the  water;  this  being  more  especially  the  case  with  structures  built  in 
tidal  waters  than  with  those  placed  in  still  water.  The  eroding  can  not  be  well 
resisted  by  the  concrete  and  it  is  well  to  protect  the  face  of  the  mass  between  wind 
and  water  with  stone.  All  seas,  whether  fresh  or  salt,  carry  a  certain  amount  of  sand 
in  suspense,  which  thrown  against  the  surface  of  the  concrete  soon  wears  it  away. 

Therefore  if  the  concrete  is  to  withstand  the  action  of  the  water  it  must  be  as  impeiv 
meable  as  possible;  all  materials,  as  well  as  all  workmanship,  must  be  thoroughly 
inspected,  and  everything  must  be  the  beet  of  its  kind.  If  every  precaution  is  taken 
to  assure  a  uniform  dense  mixture,  there  can  be  no  doubt  as  to  l^e  lasting  quaUtieB 
of  the  concrete. 

Adjoununent. 
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SESSION  OF  SUBSECTION  3  OF  SECTION  V. 

Raleigh  Hotel, 
Tuesday  morning,  January  ^  1916. 

Chairman,  John  B.  Whitehead. 

The  session  was  called  to  order  at  9.30  o'clock  by  the  chairman. 

The  Chairman.  TTie  first  thing  on  the  program  this  morning  is  the 
reading  of  a  paper  on  ''Electrical  codes  and  standards,"  by  Dr. 
Edward  B.  Rosa. 

ELECTBICAL  CODES  AND  STANDARDS. 

By  EDWARD  B.  ROSA, 
Chi^Phyndst,  Bureau  of  Standards, 

Electrical  measurmnents,  both  Bcientific  and  commercial,  are  made  in  terms  of  the 
international  dectrical  nnits,  which  have  been  defined  by  international  congiessea 
and  adopted  by  all  ciTilized  countries.  The  names  of  the  units  are  the  same  in  all 
languages,  and  tiieir  yahies  as  defined  by  the  specifications  for  the  fundamental 
standards  are  the  same  eversrwhere.  The  actual  values  of  the  standards,  however, 
depend  upon  how  closely  they  are  reproducible  from  their  specifications  and  how 
nearly  the  specifications  are  followed  in  any  case.  The  fundamental  standards  are 
established  and  maintained  by  several  national  standardizing  laboratories.  By 
means  of  frequent  intercomparisons  of  the  fundamental  and  derived  standards  which 
are  maintained  by  such  laboratories,  the  various  dectrical  and  magnetic  units  are 
maintained  at  uniform  values  to  a  very  high  degree  of  accuracy.  Any  country  which 
does  not  have  a  standards  department  for  the  establishment  and  maintenance  of  elec- 
trical standards  can  have  copies  of  such  standards  certified  at  one  of  the  existing 
national  standardizing  institutions.  Such  certified  copies  may  be  used  for  the  pur- 
pose of  certifying  other  reference  or  working  standards  which  may  readily  be  com- 
pared with  them.  This  may  be  done  in  testing  laboratories  not  sufficientiy  equipped 
to  maintain  fundamental  standards. 

CLASSmOATION  OF  EUBCTBICAL  CODB8  AND  8TANDABDB. 

Electrical  codes  and  standards  may  be  classified  in  various  ways,  as  follows: 

I.  With  respect  to  their  legal  aspect;  depending  on  (a)  whether  compliance  with 
them  is  optional,  or  (6)  whether,  due  to  their  promulgation  or  adoption  by  Federal, 
State,  or  municipal  authorities,  compliance  is  mandatory, 

II.  With  respect  to  their  source;  depending  whether  (a)  they  have  been  prepared 
and  promulgated  by  governmental  agencies,  or  (6)  by  private  associations  or  engi- 
neering societies,  or  (c)  by  the  cooperative  efforts  of  representatives  of  the  public 
and  private  interests. 

III.  With  respect  to  their  subject  matter;  depending  on  (a)  whether  they  pertain 
to  electrical  measurements  (standards  and  methods  of  measurement);  or  (6)  to  the 
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performance  of  instniments  or  machines,  or  the  properties  of  matmals,  (specifi- 
cations and  metiiods  of  testing);  or  (c)  to  questions  of  practice  (rules  and  codes  lor 
construction  and  operation). 

I.  In  the  United  States  very  few  electrical  codes  or  standards  are  made  mandatory 
by  the  Federal  Government.  A  larger  number  have  been  adopted  and  made  manda- 
tory by  State  public  utility  commissions  and  municipalities.  Very  many  are  optionfll 
or  are  observed  by  agreement  only.  Examples  will  appear  in  what  foUows  of  these 
various  cases,  and  it  is  not  necessary  to  go  into  further  particulars  here  with,  regard 
to  the  matter  of  enforcement. 

Many  of  the  codes  and  standards  representing  the  properties  of  materials  or  the 
performance  of  apparatus  or  electrical  practice  are  at  present  in  the  formative  stage, 
and  in  what  follows  some  of  these  codes  now  in  the  making  will  be  included. 

II.  In  the  United  States,  electrical  codes  and  standards  emanate  from  various 
sources,  the  principal  of  which  are  the  following: 

(A)  The  Federal  Oovemment. — ^These  include  (a)  the  standards  of  measureiBent 
which  are  l^ally  binding  throughout  the  country;  (6)  standards  set  by  law  r^arding 
radiocommunication,  or  orders  issued  by  the  Department  of  Commerce;  (c)  various 
standard  specifications  and  codes  whidi  are  prepared  by  the  National  Bureau  of 
Standards  and  which  when  adopted  by  State  commissionB  or  municipalities  have 
legal  forcfe,  but  whith  otherwise  are  not  binding  although  they  are  used  voluntarily 
more  or  less. 

(B)  The  governments  of  the  varUms  States  and  munidpaUties, — ^These  are  determined 
either  by  legislative  enactment  or  by  the  orders  of  public  service  or  industrial  com- 
missions. They  include  the  standards  of  service  set  for  public  utilities,  and  standards 
of  practice  to  reduce  the  danger  to  the  public  and  to  workmen  in  the  industries. 
The  use  of  electricity  in  the  industries  and  in  domestic  life  has  increased  so  rapidly 
that  such  codes  and  rules  of  practice  are  now  much  mcnre  needed  than  a  few  years 
ago.  They  should  be  frequentiy  revised  and  brought  up  to  date,  and  hence  it  is 
undesirable  that  they  be  enacted  into  statutory  law,  but  rather  issued  by  commis- 
sions so  that  revisions  can  readily  be  made  when  needed. 

(C)  Engineering  societies  and  other  associations, — Some  of  the  most  imp<vtantsetB  of 
electrical  standards  have  been  prepared  by  the  American  Institute  of  Electrical 
Engineers  and  other  engineering  societies.  Their  use  is  generally  optional,  but  man- 
datory otdeitB  are  sometimes  based  upon  them. 

One  of  the. most  important  examples  of  electrical  codes  and  standards  not  origin 
nating  in  a  governmental  agency  but  having  a  wide  use  are  the  underwriters'  fiie 
prevention  rules  (the  so-called  National  Electrical  Code)  i»epared  by  the  National 
Fire  Protection  Association,  and  the  standards  issued  by  the  underwriters'  labon* 
tories.  The  former  has  been  adopted  and  enforced  by  many  municipalities,  and  the 
latter  apply  to  electrical  appliances  and  materials  in  general  use. 

III.  'V^th  respect  to  their  subject  matter,  electrical  codes  and  standards  may  be 
divided  into  three  classes,  as  foUows:  (a)  Standards  of  measurement;  (b)  standarde 
of  periormance;  (c)  standards  of  practice. 

(A)  Standards  of  measurement  may  be  divided  into  four  groups,  as  follows: 
1.  Standard  of  lengthy  mass,  and  time. — ^These  are  the  fundamental  units  in  terms  of 
which  all  absolute  measurements  are  expressed,  and,  since  the  electrical  units  are 
based  upon  the  metric  system,  these  fundamental  imits  are  based  upon  tiie  centime- 
ter, gram,  and  second.  The  fundamental  standards  are  the  meter,  the  kilogram, 
and  the  mean  solar  day.  The  meter  and  the  kilogram  are  preserved  under  the 
custody  of  the  International  Conmiittee  at  the  International  Bureau  of  Wel^^ts 
and  Measures  at  Paris.  The  copies  which  have  been  distributed  to  various  govern- 
ments are  the  fundamental  standards  for  the  various  national  standardizing  lab- 
oratories. Standard  clocks  which  maintain  the  unit  of  time  are,  of  course,  cor- 
rected by  astronomical   observations,  in  America  the  Naval  Observatory  being  the 
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Government  agency  for  mich  work.  These  fundamental  standards  underlie,  of  course, 
not  only  electrical  units  and  standards  but  also  the  measurement  of  other  physical 
magnitudes. 

2.  Standardi  of  remUmce,  cwrrent^  and  electromotive  force. — ^The  fundamental  elec- 
trical units  are  the  ohm,  the  amx>ere,  and  the  volt;  these  three  being  connected  by 
Ohm's  law,  only  two  need  to  be  specified  as  fundamental.  It  was  agreed  at  the  1908 
Electrical  Congress  to  consider  the  ohm  and  ampere  as  the  two  fundamental  units, 
but  the  volt,  as  expressed  by  the  lvalue  of  the  Weston  normal  cell,  was  recognized  as 
the  unit  to  be  ordinarily  used  as  ^e  second  unit,  in  practice  the  ampere  being  derived 
from  the  ohm  and  volt. 

The  international  ohm  is  defined  injterms  of  the  resistance  of  a  column  of  mercury 
of  specified  dimensions  at  a  definite  temperature.  Its  value  is  expressed  in  terms  of 
standard  coils  of  wire,  and  only  at  infrequent  intervals  are  the  wire  standards  referred 
back  to  the  fundamental  mercury  standard. 

The  international  ampere  is  defined  in  terms^of  the  quantity  of  pure  silver  which  it 
will  deposit  per  second  from  a  solution  of  silver  nitrate  in  water.  The  operation  must 
be  carried  out  with  great  care,  and  in  order  to  obtain  results  of  the  highest  precision 
very  complete  facilities^and  much  time  are  required. 

The  international  volt  is  defined  in  terms  of  the  electromotive  force  of  the  Weston 
normal  cell,  the  latter  being  made  of  very  pure  materials  put  together  with  the  greatest 
of  care,  and  the  mean  value  taken  of  a  large  number  of  such  cells  kept  at  constant 
temperature. 

3.  Standards  of  capacity,  inductance,  and  other  derived  electneal  and  magnetic  quan- 
tities,— Standard  condensers,  standard  mutual  and  self-inductances,  standards  of 
magnetic  induction  or  permeability,  and  other  electrical  and  magnetic  quantities  are 
derived  from  the  ohm  and  the  volt,  and  the  fundamental  units  of  lengtii,  mass,  and 
time,  and  such  standards  are  maintained  at  national  laboratories,  and  copies  are  certi- 
fied for  use  by  scientific  and  industrial  laboratories.  As  some  of  these  standards  are 
more  or  less  altered  by  secondary  effects  at  high  frequencies  or  under  other  variations 
of  condition,  standards  are  frequently  designed  and  certified  for  a  particular  range  of 
frequencies,  or  for  use  under  particular  conditions. 

4.  Radioactivity,  candlepower,  and  illumination. — ^The  international  radium  standard 
is  preserved  under  the  auspices  of  an  international  committee,  and  copies  have  been 
supplied  to  certain  national  standardizing  laboratories  which  are  prepared  to  certify 
radium  and  radioactive  substances  in  terms  of  such  standards.  Owing  to  the  high  cost 
of  radium  and  its  importance  in  medical  and  scientific  research,  it  is  frequently  impor- 
tant that  reliable  official  measurements  of  radium  and  other  radioactive  materials  be 
made,  and  a  standard  preserved  by  the  Government  is  necessary. 

Owing  also  to  the  use  of  a  great  variety  of  radioactive  preparations  and  water,  it  is 
important  that  accurate  measurements  by  reliable  methods  should  be  made,  and  the 
results  of  such  measurement  be  available  to  the  public. 

Oandlepower  and  illumination  measurements  are  made  in  terms  of  the  international 
candle  which  is  maintained  internationally  by  several  Governments,  and  interna- 
tional comparisons  are  made  from  time  to  time  to  maintain  the  highest  possible  uni- 
formity. Temperature  is  not  an  electrical  quantity,  but  accurate  measurement  of 
temperature  is  necessary  in  electrical  testing,  and  the  proper  rating  of  electrical 
machines  and  the  realization  of  specifications  also  depends  upon  the  correct  measure- 
ment of  temperature. 

(B)  Standards  of  performance  may  be  divided  into  four  groups,  as  follows: 

1.  Standardization  rules  of  the  American  Institute  of  Electrical  Engineers. — ^The  rules 
include  definitions  and  nomenclature  and  data  which  form  a  basis  for  ratings  and 
specifications  for  electrical  machinery. 

These  rules  have  been  gradually  developed  by  the  American  Institute  of  Electrical 
Engineers,  its  standards  committee  having  revised  and  extended  them  several  times 
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during  the  past  10  years  with  the  cooperation  of  the  manufacturers  of  electrical  appa- 
ratus and  machinery )  other  engineering  societies,  and  the  Bureau  of  Standards.  In  the 
course  of  the  latest  revision  a  large  amount  of  investigation  was  carried  out  by  some  of 
the  electrical  manufacturers  in  order  to  obtain  more  reliable  information  on  which  to 
base  the  ratings  of  electrical  machinery.  The  institute  has  also  had  the  cooperatioii 
of  the  International  Electrotechnical  Commission,  and  the  Engineering  Standards 
Conmiittee  of  Great  Britain  in  this  work.  These  rules  represent  the  best  opinion  and 
practice  in  electrical  engineering  in  America,  and  are  of  great  value  in  unifying 
practice. 

2.  Meier  code  of  the  National  Electric  Light  Auociation  and  AstodatUm  qf  Mdiaon 
lUtaninating  Companies,— TMb  code,  which  was  prepared  by  committees  of  ^leee 
two  associations  with  the  assistance  of  the  Electrical  Testing  Laboratories  of  New 
York,  gives  a  very  full  discussion  of  the  testing  of  watthour  meters  and  epedficatioos 
as  to  their  periormance. 

Electrical  energy  for  light,  heat,  and  power  is  sold  principally  by  meter,  the  eneigy 
being  expressed  in  kilowatt  hours  and  the  instruments  being  called  watthour  meteis. 
Their  construction  and  operation  is  usually  quite  different  for  direct  current  and 
alternating  current  circuits,  and  structural  differences  occur  according  to  the  capBoty 
and  the  voltage  of  meters,  and  characteristics  of  the  circuit  on  which  they  are  used. 
This  code  specifies  a  complete  series  of  tests  (with  limits  of  error  or  variation  in  each 
kind  of  test)  to  be  made  on  samples  of  meters  selected  to  represent  given  types  of  meten 
or  large  lots,  which  may  be  either  new  or  meters  taken  from  service.  Several  State 
utility  commissions  require  such  type  tests  to  be  made  before  meters  are  approved 
for  use,  and  the  code  prepared  by  these  two  associations  has  been  the  basis  for  the  roles 
adopted  by  these  States,  as  well  as  the  basis  for  the  rules  of  the  Hydroelectric  Oommis- 
sion  of  Canada.  At  the  present  time  these  associations  and  the  Bureau  of  Standards 
are  cooperating  in  revising  the  code.^ 

3.  Standards  qf  the  American  Society  for  Testing  Materials.— Theae,  so  far  as  they  apply 
to  electrical  materials,  include  specifications  for  the  determination  of  the  core  loss 
in  sheet  steel  used  for  electrical  purposes  and  for  the  measurement  of  the  permeabil- 
ity under  standard  conditions,  together  with  complete  directions  for  selecting  samples 
for  such  tests.  Also  specifications  have  been  developed  for  the  conductivity  and 
tensile  strength  of  hard,  medium,  and  soft-drawn  copper  wire  for  use  in  the  construe* 
tion  of  electrical  apparatus  and  machines,  and  for  overhead  and  underground  trans- 
mission of  electric  power. 

The  standard  specifications  of  this  society  are  prepared  by  committees  representing 
the  manufacturers  and  the  users  of  the  materials,  the  Bureau  of  Standards  being 
represented  on  many  of  their  committees.  The  committee  on  testing  of  magnetic 
materials  has  secured  the  adoption  by  manufacturers  generally  of  uniform  methods 
of  testing,  these  methods  having  been  thoroughly  investigated  at  the  Bureau  d 
Standards.  This  insures  more  nearly  uniform  results  than  would  otherwise  be  possible. 

4.  Standards  isstted  by  the  Bureau  of  Standards. — These  include  specifications, 
tables,  and  numerical  data.  Specifications  for  incandescent  lamps  (carbon  and 
tungsten)  which  are  prepared  in  conjunction  with  the  manufacturers  of  lamps  and 
are  used  by  the  Government  in  the  purchase  and  testing  of  lamps.  These  specifica- 
tions are  contained  in  bureau  Circular  13,  the  sixth  edition  of  which  has  recently 
been  issued. 

Incandescent  electric  lamps  are  a  good  example  of  a  product  which  requires  expert 
inspection  and  testing  but  which  because  of  its  cost  must  be  done  on  a  large  scale  to 
make  it  practicable.  Certain  defects  of  construction  of  such  lamps  can  be  determined 
by  competent  inspection,  but  the  efficiency  and  life  require  laboratory  tests  which  are 

1  In  England  thore  Is  a  meter  code  prepared  by  the  engineering  standards  committee  for  new 
and  roles  for  old  meters  are  promulgated  by  the  board  of  trade. 
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made  upon  carefully  selected  eampleay  and  which  require  very  special  equipment* 
The  specifications  are  based  on  the  combined  experience  of  the  manufacturers  and 
the  Bureau  of  Standards,  which  bureau  inspects  more  than  a  million  lamps  a  year 
for  the  Federal  Government  and  makes  life  tests  on  samples  selected  for  the  purpose. 
These  tests  tend  to  keep  the  quality  up  to  the  best  that  can  be  made,  and  as  the  lamps 
for  the  Government  are  selected  from  stock  almost  at  random,  the  testing  done  by  and 
for  the  Government  tends  to  keep  up  the  standards  for  the  entire  output.  Specifi- 
cations for  the  new  gas-filled  incandescent  lamps  have  not  yet  been  formulated,  as 
experience  with  them  is  still  limited.  Such  specifications  will,  however,  be  prepared 
as  soon  as  sufficient  information  is  available  for  the  purpose.  Any  manufacturer 
who  claims  to  make  lamps  of  the  highest  grade  can  demonstrate  the  quality  of  his 
product  by  having  tests  made  at  the  Bureau  of  Standards.  This  is  an  advantage  to 
those  who  make  high-grade  lamps  and  a  protection  to  purchasers  against  those  who 
do  not. 

(6)  Specificationi  Jor  transjormers.— These  apply  to  air-cooled,  oil-insulated  trans- 
lonners  for  2,200  volta.    They  are  contained  in  bureau  Circular  22. 

This  specification  appUee  to  the  type  of  transformer  most  extensively  used  by  the 
electrical  companies.  In  its  preparation  the  bureau  had  the  cooperation  of  all  the 
manufacturers  of  transformers.  The  specification  now  needs  revision,  and  other 
specifications  ought  to  be  prepared  for  other  types  of  transformers.  It  is  mentioned 
here  chiefiy  as  an  example  of  a  standard  for  electrical  apparatus  which  can  best  be 
prepared  by  a  standardizing  institution  acting  in  conjunction  with  the  manufacturers. 

(c)  Tables,  nomenclature ^  and  apecificationa  for  copper  wire  and  cableg. — Contained  iir 
bureau  Circulars  31  and  37.  The  Bureau  of  Standards  made  a  thorough  investiga- 
tion of  the  conductivity  of  commercial  copper  wire,  and  also  its  variation  with  tem- 
perature and  density,  samples  having  been  obtained  from  many  producers  and  users 
in  America  and  also  from  England,  France,  and  Germany.  The  results  were  reported 
to  the  American  Institute  of  Electrical  Engineers  and  the  American  committee  of  the 
International  Electrical  Commission.  Through  the  efforts  of  the  latter,  acting  in 
cooperation  with  the  Bureau  of  Standards,  international  agreement  was  secured  as 
to  the  values  of  the  resistivity,  density,  and  temperature  coefficients  to  be  recognized 
in  copper-wire  tables  and  in  official  testing.  The  Bureau  of  Standard9  computed 
the  tables  and  prepared  a  full  discussion  of  the  subject,  which  is  published  with  the 
tables.  This  secures  for  the  first  time  international  uniformity  on  this  question,  and 
aids  materially  in  securing  agreement  as  to  the  rating  and  testing  of  electrical 
machinery. 

(d)  Spedficatums  for  electrical  inatrumenta, — ^These  have  not  been  prepared  in  the 
form  of  specifications,  although  several  publications  have  given  results  of  tests  and 
shown  the  performance  of  some  of  the  more  commonly  used  electrical  measuring 
instruments. 

There  is  need  of  formal  specifications  for  such  electrical  instruments,  but  there  are 
80  many  kinds,  sizes,  and  qualities  to  meet  the  needs  for  a  multitude  of  uses  that  it  is 
difficult  to  formulate  exact  specifications.  A  comprehensive  publication  giving  the 
results  of  an  extensive  and  careful  series  of  tests  of  such  instruments,  in  which  they 
would  be  classified  according  to  their  performance  and  intended  use,  would  be  very 
valuable.  But  it  would  be  a  serious  undertaking  to  do  the  work,  and  unless  done 
very  thoroughly  it  would  be  of  Uttle  value. 

Standards  of  practice  may  be  divided  into  the  following  eight  groupa  Some  of  them 
have  not  yet  been  issued,  but  are  included  in  order  to  indicate  the  range  of  subjects 
that  should  be  covered  by  such  standards. 

1.  National  Electrical  (Fire)  Code,  issued  by  the  National  Fire  Protection  Assoda- 
tion  and  prepared  by  the  electrical  committee  of  this  association  with  the  coopera- 
tion of  manufacturers  and  others  interested,  including  the  Bureau  of  Standards. 
This  code  is  used  by  the  various  underwriters'  bureaus  in  their  inspections,  and  has 
68436— 17— VOL  vi 45 
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alflo  been  adopted  widely  by  municipalities  as  a  standard  of  construction,  particu- 
larly for  interior  wiring.  The  rules  are  drawn  primarily  with  respect  to  the  fire 
hazard. 

This  code  is  the  most  extensively  used  and  best  known  of  any  electrical  code  in  the 
world.  It  has  an  immense  influence  for  good  on  electrical  construction.  Insurance 
rates  depend  to  some  extent  upon  how  nearly  the  provisions  of  this  code  are  observed, 
and  the  various  inspection  bureaus  make  the  code  the  basis  for  their  inspections.  It 
is  revised  once  in  two  years. 

The  National  Fire  Protection  Association  is  an  association  of  associations,  many  of 
the  constituent  bodies  being  fire  insurance  organizations,  but  many  engineering 
associations  and  other  similar  bodies  are  also  included. 

2.  The  National  Electrical  Safety  Code. — This  is  a  proposed  code  not  yet  in  use, 
although  it  has  been  published  in  preliminary  form,  as  bureau  Circular  54  and  the 
Bureau  of  Standards,  which  has  been  preparing  it,  has  received  the  cooperation  of  all 
the  electrical  utilitites  which  are  affected,  together  with  State  commissions,  munici- 
palities, casualty  insurance  companies,  and  other  organizations  which  are  interested 
in  the  subject  of  a  national  electrical  safety  code  that  could  be  adopted  as  a  standard 
for  construction  and  operation,  and  administered  by  State  commissions  and  munici- 
palities. It  includes,  beside  definitions  and  engineering  data  and  a  full  discussion 
on  methods  of  grounding  circuits  and  equipment,  foiur  sets  of  rules,  as  follows: 

(a)  Rules  for  central  stations  and  substations. 

(5)  Rules  for  overhead  and  underground  line  construction  and  maintenance  for  the 
transmission  and  distribution  of  electrical  energy  and  intelligence. 

(c)  Rules  for  the  installation  and  maintenance  of  apparatus  and  machinery  for 
the  utilization  of  electricity. 

(d)  Rules  for  safeguarding  employees  when  working  on  electrical  equipment  and 
overhead  and  underground  electric  lines. 

A  fifth  brief  section  wiJl  ultimately  be  included  giving  rules  and  precautions  for 
avoiding  electrical  hazards,  intended  for  the  use  of  the  general  public. 

This  code  is  of  far  reaching  importance,  inasmuch  as  it  not  only  pro^ddee  rules  for 
the  safe  installation  and  operation  of  electrical  apparatus  and  lines,  but  amounts  in 
some  respects  to  a  standardization  of  electrical  construction  and  operation. 

With  the  rapid  increase  in  the  use  of  electricity  for  light  and  power,  and  the  increase 
in  voltages  of  transmission  and  distribution  in  cities,  the  need  for  carefully  formu- 
lated rules  that  will  protect  the  public  and  yet  not  unnecessarily  burden  the  industry 
has  been  increasingly  felt.  There  are  many  di^erent  interests  affected,  these  includ- 
ing the  electric  light  and  power  companies,  the  telephone  and  tel^^ph  companies, 
the  steam  and  electric  railway  companies,  the  manufacturers  of  electrical  maddnery 
and  appliances,  the  casualty  and  fire  insurance  interests,  the  state  public  utility  and 
industrial  commissions,  and  the  municipal  governments. 

The  Bureau  of  Standards  is  preparing  the  code  with  the  cooperation  of  all  these 
interests,  and  in  the  near  future  will  have  it  so  far  perfected  as  to  publish  the  second 
edition  of  the  rules  which  will  be  offered  for  tentative  adoption  and  trial.  The  inten- 
tion is  to  revise  them  after  one  year's  preliminary  use  before  their  formal  adoption  as 
a  whole. 

In  the  course  of  the  work  the  representatives  of  the  bureau  have  held  conferences 
in  different  parts  of  the  country  with  the  engineers  of  the  utility  companies  and  the 
public  utility  commissions,  and  have  collected  a  vast  amount  of  information  and 
experience  which  has  been  utilized  in  the  thorough  revision  of  the  first  printed  edition 
of  the  code.  No  such  thorough  study  was  perhaps  ever  given  to  a  similar  code  of  rules 
before  its  adoption  by  any  administrative  authority  for  general  use. 

3.  Jiules  for  electric  service. —-The  forthcoming  circular  No.  56,  of  the  Bureau  of 
Standards,  will  have  a  complete  discussion  of  rules  for  electric  service  such  as  have 
been  adopted  by  State  commissions  and  municipalities,  together  with  a  consideration 
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of  the  factors  whidi  together  constitute  good  service  and  the  requirements  that  can 
be  made  ae  to  accuracy  of  meters  and  the  frequency  of  their  tests,  continuity  of  service, 
uniformity  of  voltage  and  frequency,  lamp  inspections  and  renewals,  and  other 
aspects  of  the  supplying  of  electric  service  by  public  utilities. 

There  is  also  a  digest  of  all  rules  and  laws  now  in  force  concerning  electric  service 
and  suggested  sets  of  rules  suitable  for  the  use  of  State  conmiissions  and  cities.  The 
following  is  a  list  of  the  main  sections  of  the  circular,  which  contains  270  pages  and 
will  shortly  be  issued. 

I.  The  adequacy  and  safety  of  electric  service. 

II.  Meters  and  instruments. 

III.  Standardizing  laboratories  of  State  public  service  commissions. 

IV.  Rules  and  regulations  for  electric  service  as  adopted  by  State  commissions. 

V.  Suggested  rules  for  the  r^ulation  of  electric  service  by  State  commissions. 

VI.  The  regulation  of  electric  service  by  city  ordinance. 

VII.  Suggested  ordinances  for  the  r^ulation  of  electric  service  in  towns  and  cities. 

1.  For  towns  and  small  cities. 

2.  For  cities  generally. 

3.  For  larger  cities. 
Appendix  I,  Stat«  laws. 

1.  Summarj'  of  State  laws  now  enacted  providing  for  the  regulation  of  electric 
service. 

2.  Summaiy  of  laws  relating  to  accidents  and  safety  provision  under  the  jurisdiction 
of  public-service  conmiissions. 

Appendix  II,  tables. 

Appendix  III,  IV,  and  V.    Recent  conunission  rules. 

Appendix  VI,  bibliography, 

4.  Rules/or  telephone  service. — Very  few  such  rules  have  as  yet  been  issued  by  State 
commissions  or  municipalities.  The  Bureau  of  Standards  has  so  far  published  nothing 
on  this  subject,  although  it  has  assisted  State  commissions  in  the  preparation  of  such 
rules.  There  is  need  for  standards  of  performance  and  of  practice  to  be  formulated  in 
connection  with  telephone  service.  Such  standards  should  deal  with  the  quality  of 
instniments  and  of  line  construction  with  respect  to  transmission,  the  quality  of 
switchboard  service,  tests,  and  inspections  by  the  company,  and  other  factors  which 
determine  the  quality  and  eflSciency  of  telephone  service.  Such  factors  vary  widely 
under  different  conditions,  but  can  be  determined  and  specified  lor  typical  cases. 

5.  Rules  for  electric  railtoay  service. — Very  few  rules  of  this  kind  have  as  yet  been 
issued  by  commissions  or  municipalities,  but  a  thorough  study  of  the  subject  of  good 
service  in  urban  transportation  is  needed.  Such  a  study  would  take  account  of 
schedules  and  routing  of  cars,  their  size  and  siating  capacity,  quality  and  care  of 
cars,  heating  and  lighting  of  cars,  signals  and  safety  devices,  and  other  factors  which 
affect  the  quality  of  service.  Suitable  general  rules  and  regulations  could  be  drawn, 
although  the  conditions  vary  so  much  in  different  places  that  special  orders  would 
probably  have  to  be  depended  upon  largely  to  supplement  and  modify  general  rules. 

6.  Rules  for  electrolysis  preventUm. — Special  ordinances  have  in  some  cases  been 
passed  with  respect  to  the  prevention  of  electrolytic  damage  by  street  railway  currents, 
but  no  general  code  of  rules  has  ever  been  prepared  in  this  country.  The  damage  is 
usually  due  to  street  railway  current  which  flows  away  from  the  grounded  return  and 
passes  through  the  pipes  and  cable  sheaths  of  other  companies,  causing  damage  very 
frequently  where  the  current  leaves  such  pipes  or  cable  sheaths  and  in  some  cases 
where  it  enters.  The  street  railway  companies,  light  and  power  companies,  telephone 
and  telegraph  companies,  gas  and  water  companies,  fire  and  district  telegraph  systems, 
and  municipalities  are  all  concerned  in  this  question.  The  board  of  trade  rules  in 
England  and  the  rules  issued  in  Germany  have  had  a  very  pronounced  effect  upon 
construction  methods  and  freedom  from  electrolysis  damage  in  those  countries.  There 
is  a  joint  committee  representing  the  utilities  concerned  which  is  studying  the  subject 
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in  thk  country,  but  no  rules  have  as  yet  been  formulated.  The  Bureau  of  Standards 
has  issued  a  large  number  of  papers  on  different  nspects  of  this  subject,  the  principal 
of  which  are  the  following  ''Technological  Papers: " 

15.  Sui:face  insulation  of  pipes  as  a  means  of  preventing  electrolysis. 

18.  Electrolysis  in  concrete, 

25.  Electrolytic  corrosion  of  iron  in  sftils. 

26.  Earth  resistance  and  its  relation  to  electrolysis  of  undeiground  stnictur«8. 

27.  Special  studies  in  electrolysis  mitigation. 

28.  Methods  of  making  electrolysis  surveys. 

32.  Special  studies  in  electrolysis  mitigation,  No.  2.  Electrolysis  fiom  electric 
railway  ciurents  and  its  prevention— E^tperimeatal  test  on  a  system  ol  insulated 
negative  feeders  in  St.  Louis. 

52.  Electrolysis  and  its  mitigation. 

54.  Special  studies  in  electiolyBis  mitigation— A  report  on  conditions  in  Springfield, 
Ohio,  with  insulated  feeder  system  installed. 

55.  Special  studies  in  electrolysis  mitigation — ^A  preliminajry  study  of  decttolyais 
conditions  in  Elyria,  Ohio,  with  recommendations  for  mitigation. 

Much  information  useful  in  compiling  a  general  code  of  rules  on  the  subject  of 
electrolysis  prevention  is  contained  in  the  above  publications.  Other  recent  publi- 
cations would  also  be  useful  in  such  work. 

7.  Inductive  interference  between  power  circuits  and  telephone  lines. — ^This  is  a  subject 
which  has  been  investigated  in  California  by  a  joint  committee  repjeaenting  the 
power  and  telephone  companies  and  the  State  commission,  and  some  preliminary 
rules  prepared.  Other  State  commissions  are  considering  the  adoption  of  rules,  but 
so  far  no  definite  general  code  of  rules  has  been  prepared  on  the  subject.  It  is  a 
national  problem,  and  could  well  be  taken  up  in  a  national  way  by  the  proper  agency. 
It  would  require  considerable  experimental  work  and  v^t^  thorough  study  ol  practical 
conditions.  Without  fiurther  thorough  study  the  preparation  of  rulos  on  the  subject 
can  not  be  done  satisfactorily. 

8.  The  Federal  law  regukUmg  radiocommunimtian  and  reguMiom/or  the  DepartmaU 
of  Commerce. ^Ihae^  have  to  do  with  the  wave  lengths  fmd  logarithmic  decrements 
of  the  radiation  employed  in  wireless-telegraph  communication^  the  mngeof  transmis- 
sion of  the  reserve  apparatus  which  is  required  by  law  on  passenger  ships,  the  preaence 
of  harmonics  which  interfere  with  transmission  when  using  other  wave  lengths  than  the 
fundamental,  the  location  ol  transmission  stations  so  as  to  cauae  the  least  interlerance 
with  one  another,  and  other  aspects  of  radiocommunication.  This  is  a  sal^ect  <rf 
international  interest,  and  in  view  of  the  increasing  range  of  radiocommunication  and 
its  rapidly  increasing  use,  ci  very  great  importance.  In^>ections  are  made  under 
Federal  law  and  department  regulations  specifying  standards  ol  performance  and  of 
practice. 

It  will  be  seen  from  the  foregcnng  that  aside  from  the  fundamental  units  of  meao- 
uiements  and  the  standards  which  embody  them,  the  values  of  which  rest  upon 
international  agreement  and  in  the  United  States  have  the  sanction  of  Fedeial  law, 
the  only  codes  or  standards  that  are  made  mandatory  by  the  Federal  (rov^nment 
are  those  relating  to  radiocommunication.  All  others  are  either  optional  in  use 
or  are  enforced  by  State  commissions  or  municipal  authority.  It  is,  of  course,  desir- 
able that  all  audi  codes  and  standards  be  very  carefully  prepared  and  be  revised 
at  frequent  intervals  in  order  that  they  may  be  kept  abreast  of  current  needs  and 
practice.  It  is  also  important  that  they  be  as  nearly  uniform  as  possible  thiou^out 
the  country.  Important  differences  in  different  States  or  cities  are  sources  of  con- 
fusion and  make  it  more  difficult  for  manufacturers  to  supply  materials  or  apparatus 
or  safety  devices  that  comply  with  legal  requirements,  and  also  considerably  increase 
the  cost  of  comi^ying  wiUi  such  requirements.  On  the  other  hand,  the  uniform 
<"^nuirementB  of  nationally  accepted  codes  are  more  likely  to  be  carefully  considered 
^  be  more  nearly  adequate  without  involving  undue  hardships. 
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Another  advantage  of  national  codes  and  staadardfi  as  contia^^  with  local  regu- 
lations is  the  greater  uniformity  in  their  interpretation^  and  the  c^portunity  of  appeal- 
ing to  the  national  agency  which  prepares  the  codes  in  cases  of  disagreement  as  to 
their  meaning  or  application.  It  is  because  of  these  important  advantages  of  uni- 
formity in  codes  and  standards  that,  in  the  absence  of  national  codes  having  l^al 
sanction  by  the  Federal  Government,  the  Bureau  of  Standards  has  been  called  upon 
so  frequently  either  to  prepare  codes  or  standards  of  practice  or  to  assist  engineering 
societies  and  State  and  municipal  authorities  in  the  preparation  of  such  codes. 

The  advantages  of  international  uniformity  in  such  codes  and  standards  are  very 
evident.  Some  variations  are,  of  course,  necessary  in  different  countries,  but  in 
so  far  as  extended  experience  and  careful  study  in  one  country  can  be  made  avail- 
able in  other  countries  it  is  desirable  to  do  so.  International  commerce  in  electrical 
instruments,  apparatus,  and  madiinery  would  be  greatly  facilitated  if  international 
agreement  had  been  secured  as  to  the  specificatLons  and  as  to  the  methods  and  mean- 
ing of  tests.  Such  machinery  and  apparatus  can  not,  of  course,  be  judged  merely 
by  its  appearance  or  by  its  rated  or  guaranteed  performance.  Unless  the  specifi- 
cations and  tests  mean  the  same  thing  in  different  countiies,  misunderstanding  and 
disappointment  will  often  result,  and  future  dealings  be  hampered.  Complete 
understanding  as  to  standards  of  performance  is  therefore  of  great  importance.  And 
international  uniformity  as  to  standards  of  practice^  or  at  least  a  complete  under- 
standing regarding  them,  would  be  of  great  advantage  in  buying  and  selling  appa- 
ratus and  machinery  for  use  in  the  various  public  utilities.  The  International  Elec- 
trotechnical  Commission  has  in  the  last  few  years  done  valuable  work  toward  securing 
international  uniformity  as  to  nomenclature  and  specifications,  but  unhappily  its 
work  has  been  interrupted  by  the  Eiuropean  war.  Is  it  not  practicable  and  desirable 
that  something  be  done  in  this  direction  by  and  among  Fan  American  countries? 

It  is  not  enough,  however,  to  agree  upon  definitions  and  specifications,  and  upon 
kinds  and  methods  of  tests.  It  is  important  also  to  have  tests  made  systematically 
to  determine  whether  the  specifications  are  met,  and  in  many  cases — especially 
in  international  trade^--such  tests  should  be  made  by  responsible  and  disinterested 
xB0titutioiis  *  not  in  any  wmy  connected  with  the  parties  to  the  transaction.  U  in 
this  way  the  quality  of  the  goods  and  compliance  with  specifications  are  ascertained 
before  shipment,  one  of  the  most  serious  difficulties  in  establishing  international 
commerce  on  a  permanent  basis  will  have  been  surmounted. 

International  cooperation  on  such  questions  tends  not  only  to  facilitate  trade, 
but  also  to  promote  a  good  understanding  among  the  people  of  different  countries. 
HiiB,  in  turn,  tends  to  promote  the  material  welfare  and  friendly  relations  of  such 
countries,  and  hence  such  cooperation  should  be  encouraged  by  Governments. 

The  Acting  Chairman.  Grentlemen,  you  have  heard  Dr.  Rosa's 
paper  and  know  how  important  a  contribution  it  is;  and  how  im- 
portant are  the  principles  to  which  he  has  called  attention  and  the 
desirability  of  codes  and  standards,  not  only  within  our  own  borders, 
but,  more  important  still,  throughout  this  continent  and  even  the 
world. 

The  paper  is  now  open  for  discussion. 

Mr.  J.  S.  Stone.  It  is  a  very  significant  fact  that  the  only  rules 
which  are  international  in  relation  to  electrical  practice  are  the  rules 
regarding  radiotelegraphy.  This  is  a  matter  which  will  very  soon 
have  to  be  taken  up  and  revised.  I  believe  that  when  this  revision 
takes  place  it  will  be  extremely  desirable  that  a  Pan  American  agree- 

» The  Electrical  Testing  Laboratories  of  New  York  is  such  an  institution. 
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meiit  be  substituted  for  the  agreement  which  we  now  have,  based 
upon  the  London  convention. 

The  niles  estabUshed  at  the  London  convention  have  militated 
against  the  development  of  radiotelegraphy  perhaps  more  than  any 
other  one  force  or  circumstance.  The  principal  difSeulty  that 
confronted  wireless  telegraphy  in  the  early  days  was  the  difficiilty 
arising  from  interference  between  neighboring  stations,  and  the 
London  convention  enhanced  that  difficulty  very  materially  by  taking 
away  from  the  commercial  radio  stations  the  opportxmity  to  make 
use  of  selectivity  in  avoiding  this  interference.  In  other  words,  by 
the  Ijondon  convention  all  communication  between  commercial  ship 
stations  was  practically  confined  to  two  wave  lengths ;  so  the  oppor- 
tunity of  using  selectivity  to  avoid  interference  was  taken  out  of 
the  field. 

We  may  very  soon  have  an  opportunity  to  establish  a  code  of  rules 
pertaining  particularly  to  this  hemisphere,  a  Pan  American  code  of 
rules,  since  the  conditions  on  this  side  of  the  Atlantic  are  so  com- 
pletely different  from  what  they  are  on  the  other  side.    The  terms 
of  the  London  convention  were  dictated  largely  by  the  fact  that  the 
European  Governments  were  very  heavily  armed,  and  their  navies 
and  armies  were  considered  vastly  more  important  by  them  than 
their  industries.    Their  merchant  marine  was  secondary  to   their 
fleet.    In  this  country,  in  spite  of  the  fact  that  we  do  not  under- 
estimate the  importance  of  our  fleet,  we  do  think  a  great  deal  more  of 
our  merchant  marine  and  conmierce;  and  I  think  that  would  be 
true  also  of  the  South  American  countries.    So,  we  ought  not  to  be 
held  to  a  set  of  nil(^  dictated  by  military  nations,  but  by  American 
nations. 

Mr.  John  H.  Hogan.  Mr.  Chairman,  Mr.  Stone's  recommendation 
might  be  more  fxilly  discussed  after  the  presentation  of  Lieut.  Dagas- 
san's  paper.  I  understand  that  it  deals  with  the  same  matters,  and 
then  we  can  go  into  it  quite  fully. 

The  Chaikman.  Is  there  any  further  discussion  of  Dr.  Rosa's 
paper  ?  If  not,  we  will  proceed  to  the  next  paper,  by  F.  G.  Jewett, 
entitled,  *' Recent  telephone  and  telegraph  developments.'*  Mr. 
Jewett  is  unable  to  be  here,  and  Mr.  Shreve  will  read  his  paper. 


SOME  RECENT  DEVELOPAlENTS  IN  TELEPHONY  AND  TELEGRAPHY. 

By  FRANK  B.  JEWETT, 
Chief  Enginter^  Western  Electric  Co, 

With  an  art  such  as  that  of  telephony  and  telegraphy  which  has  been  either  wholly 
or  in  laige  part  developed  within  the  last  30  years,  it  is  difficult  to  cover  in  an  article 
of  a  few  thousand  words  all  that  might  be  construed  under  the  term  ''recent  develop- 
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mente. "  It  is  even  difficult  to  determine  what  should  he  classified  as  recent  develop- 
ments. 

As  soon  as  the  researches  and  discoveries  of  scientists  and  inventors  along  any  line 
show  signs  of  developing  into  an  art  which  will  aid  in  the  every-day  life  of  mankind, 
a  great  stimulus  is  g^ven,  not  only  to  a  betterment  of  the  physical  means  for  affording 
the  service,  but  also  to  the  development  and  exploitation  of  the  commercial  possi- 
bilities made  available  by  the  new  art  and  to  the  production  of  an  operating  oiganiza- 
tion  which  will  render  the  physical  equipment  most  fully  available  for  the  com- 
mercial needs.  Thus,  it  happens  that  in  the  field  of  telephony  and  telegraphy,  both 
wire  and  radio,  great  strides  have  been  made  during  the  past  few  years  in  perfecting 
the  commercial  and  operating  organizations  which  have  been  found  necessary  to 
make  the  work  of  the  scientist  and  engineer  fully  available  to  the  public.  In  what 
follows  no  attempt  has  been  made  to  cover  any  features  of  these  latter  developments. 
This  seemed  the  more  necessary  since  the  commercial  and  traffic  needs  of  no  two 
countries  are  exactly  alike  and  a  full  presentation  of  the  subject  would  require  more 
space  and  more  particularly  laiger  knowledge  than  the  author  possesses.  In  limiting 
Ihe  paper  to  the  physical  and  engineering  aspects  of  telephony  and  telegraphy  an 
attempt  has  been  made  further  to  confine  it  to  those  developments  which  have  brought 
about  rather  radical  changes  in  the  existing  state  of  the  art  or  which  bid  fair  to  bring 
about  such  changes  in  the  future. 

Before  passing  on  to  a  consideration  of  these  recent  physical  and  engineering  develop- 
ments, it  mig^t  be  well  to  point  out  that,  contrary  to  a  more  or  less  general  belief, 
most  of  the  i>hyHical  developments  have  followed  as  a  direct  result  of  commercial  or 
traffic  operating  requirements,  rather  than  as  the  result  of  a  priori  considerations  on 
the  part  of  the  scientist  and  the  engineer.  Although  not  universally  true  a  large 
majority  of  the  radical  physical  changes  have  resulted  from  studies  and  developments 
made  with  a  view  to  extending  the  existing  possibilities  of  telephony  or  telegraphy 
to  cover  some  new  or  more  promising  field. 

In  selecting  the  items  to  be  considered  the  endeavor  has  been  to  touch  upon  those 
changes  in  the  physical  art  of  telephone  and  telegraph  transmission  which  would  be 
of  interest  to  all  of  the  members  of  the  Pan  American  Scientific  Congress,  irrespective 
of  any  commercial,  geographic,  or  climatic  conditions  which  mi^t  be  peculiar  to  any 
given  locality.  In  other  words,  the  attempt  has  been  to  select  those  developments 
which  tend  to  improve  or  modify  fundamental  conaderations  in  the  application  of  the 
art  of  intelligence  transmission  electrically.  The  only  exception  to  this  is  in  the 
brief  discussion  of  apparatus  intended  primarily  for  use  under  tropical  and  semi- 
tropical  conditions.  To  a  large  proportion  of  the  members  of  the  congress  this  is 
really  a  fundamental  consideration  which  must  underlie  the  proper  engineering  of 
the  physical  plant  needed  to  give  service. 

Although  the  present  state  of  the  art  has  closely  interlaced  the  requirements  of 
wire  and  radio  telephone  and  telegraph  developments,  and  although  the  future  seems 
to  indicate  an  even  closer  tying  together  of  all  phases  of  electrical  intelligence  trans- 
mission systems,  it  is  difficult  in  a  short  paper  to  treat  the  important  advances,  except 
in  relation  with  the  particular  field  to  which  they  <most  closely  pertain.  For  this 
reason  the  discussion  has  been  divided  into  three  main  parts:  (1)  Wire  telephony, 
(2)  wire  telegraphy,  and  (3)  radio  commimication,  both  telephonic  and  telegraphic. 

WIRE  TELEPHONY. 

Since  the  whole  present  art  of  wire  telephony  is  the  result  of  only  40  years'  work, 
almost  anything  mig^t  be  construed  as  a  "recent  development.*'  Ten  years  has, 
however,  been  taken  as  the  period  to  be  covered,  and  since  any  major  development 
in  the  art  requires  considerable  time  for  its  working  out,  the  results  of  the  work  during 
the  past  10  years  can  only  be  properly  apinredated  by  considering  the  state  of  the 
telephone  art  some  time  prior  thereto;  for  example,  about  1900. 
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L6t  UB  review,  therefore,  the  situation  in  the  telephone  field  ftt  the  beginning  «f 
the  present  century. 

By  1900  the  telephone  Art  was  rapidly  emerging  from  tike  e»  -when  liie  inventor 
rathet  than  the  engineer  was  supreme  in  the  field.  The  experience  gained  durmg 
the  proceeding  2$  years,  ^pplemented  by  the  appHeation  of  sound  engineetiog 
principles,  had  indicated  certain  thitgs  as  being  fundamental  to  t^e  proper  ettenakM 
of  commercial  telephony.  Hie  trend  of  further  development  and  the  correct  tnetfaoda 
to  be  followed  were  also  becoming  clear. 

Among  other  things,  the  necesdty  for  using  metallic  circuits  had  beeA  ptvrtm. 
beyond  petadveiiture.  So,  too,  the  employment  of  the  relatively  bigh-iniced  htad- 
drawn  copper  lin^  wii'e  had  been  ihown  to  be  economically  cheaper  and  mote  satiB- 
factory,  all  things  considered,  than  the  inexpensive  iron  and  steel  wire  originally 
employed  for  both  telephone  and  telegraph  circuits.  Moreover,  the  ftdlacy  of  bttikUng 
expensive  long-distance  open-wii'e  pole  lines  and  terminating  them  in  live  cities  in 
small  wire  cables  was  beginning  to  be  fully  appreciated  and  the  engine^ing  of  the 
wire  plant  was  already  bMng  dt>ne  on  a  scientific  basis.  TMs  bacds  was  that  the  wire 
plant  as  a  Whole  ^ould  be  in  cost  e^uilibrrum  when  considelred  from  a  tranmifeBliia 
standpoint.  In  a  plant  iHk^:e  such  cost  equilibrium  exists,  tii«  increansd  Mmiittl 
ttkeage  requiiidd  to  give  a  fixed  increment  of  imprevement  in  ^^insmissiou  is  Uie  mam, 
irrespective  of  the  part  of  the  plant  in  which  the  improvement  is  made.  Tho  full 
appreciation  of  this  fundamental  requirement  and  its  extended  applioatton  haa  proba- 
bly don^  more  than  any  one  thing  to  eliminate  gross  variations  in  the  giaiies  of  traaa- 
minion  furnished  in  different  localities  and  greatly  to  reduce  plant  costs. 

Fifteen  years  ago  the  possibility  of  improving  the  transmitsion  effideacy  of  tete- 
phone  cih^uita  by  the  periodic  intrbductiLon  of  loading  coils  was  not  commercially 
known.  Little  or  no  progress  had  M  yet  been  made  in  the  art  of  secuiing  a  thiid  er 
''phantom"  metallic  circuit  frem  two  ordinary  metallic  circtdts.  Amplify^ 
devices,  which  were  among  the  earliest  dreams  of  the  telephone  inventor  and  en^neer, 
were  still  in  a  etude  state  of  undeveloped  labonit<^  equipment.  Fifteen  years  ago 
the  telephone  engineer,  except  in  ft  few  localities,  had  had  relatively  little  expetionce 
in  the  preblem  <^  operating  in  close  preximity  to  electric  xxmer  eireuits  of  extn  Mgb 
potential.  To  be  sure,  the  introduction  of  street  railways  asid  kyw^tension  lighting  and 
po#er  circuits  had  already  brought  with  them  the  necessity  for  radical  changes  in  the 
tslepfaone  art.  But  the  single-phase  railway  and  the  high-po4«tttial  tianskDiaskm 
dreuit  em]Midying  htmdreds  of  thousands  of  volts  dM  not  tiien  exist. 

In  the  matter  of  substation  appamtui»-4hat  is,  Mnsmitften,  receivers,  and  asso- 
ciated device,  the  telephone  art  had  become  somewhat  stabilifled.  The  bipolar 
type  of  recover  wtis  in  geneml  use,  as  was  also  some  form  of  muliicontaet  micrephMie. 
In  America,  where  the  ultimate  scope  of  telephony  was  recogniaed  to  Indude  ^  m^ 
veittd  long-distance  service  as  woll  As  purely  local  service,  the  B(Aid  back  graiktllar 
button  type  of  carbon  transmitter  had  come  to  be  standard.  In  Europe,  where  the 
conditions  Of  a  xmrely  looal  or  at  best  b  very  short  distance  tranrtniarion  seemed  to  p(te> 
vail,  a  mo^  mictophonii  type  of  instrument  was  prefeited.  In  both  continents  tiiwe 
was  already  a  drift  away  from  the  eariief  forms  of  fixed  or  wall  tfp^  subscribers'  instm- 
ments,  and  the  desk  stand  and  hand  s^t  were  beginning  to  appear. 

In  the  central  office  the  myriads  of  invent&ons  which  had  boon  proposed  and  tried 
out  were  gradually  giving  way  to  apparatus  which  embodied  the  best  of  all  that  had 
been  suggested.  So-called  automatic  systems  for  central  office  operation  were  begin- 
ning to  be  exploited,  but  the  giBat  bulk  cf  telephone  engineering  yma  on  the  basis  of 
manual  switchboards,  which,  to  be  sure,  involved  many  funotions  not  manwJIjr 
peifofued.  In  fact,  nobody  as  yet  had  had  sufficient  experience  to  say  definitoij 
where  the  ultimate  development  of  oebtral  office  switdibaards  was  likely  te  lead» 

Such,  in  brief,  was  the  state  of  the  art  in  the  ihore  important  parts  ef  wire  teUf^eay 
15  years  ago.    A  comparison  of  the  then  existing  art  with  that  of  to^^lay  and  a  i 
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dt  irhftt  had  be^  docM  in  th&  iMt  10  years  can  best  be  made  by  a  stiltement  of  the 
impttftemiitiiB  iti  each  ptihdpttl  like.  Thiif  stirvey  will  altk>  t>^ntiit  of  xMaking;  some 
sort  of  a  haeard  as  id  the  ftitute  development  irhich  may  be  expected  lA  the  field  df 
wii^  telepliofty. 

Phmum  eiMtiu.^kB  is  well  blown,  io-called  **tAantoi4i''  cihiUitBi*e  thoeemetallit 
telephotie  cih;oitd  wMch  ate  ebtaihed  "by  coAiblning  two  oltlinaity  metaUie  telephone 
dKitdtd  in  sudi  a  way  ttriit  a  thitd  metallic  telephone  dretiit  is  secUrtd  without  pro- 
^hKing:  any  mtitual  intey^nce  with  efthef  of  the  cemponent  cii^<^ts  and  Witfaotit 
causing  any  nuiitual  i^t^^tfeuce  between  these  compbnent  circuits.  OentideiM  fi^m 
the  theoretical  standpoint  alone;  the  pr6bletti  is  a  simple  oiie,  since  it  Ibbnsistfl  merely 
ifi  ^  arranging  fht  circuits  ahd  tke  terminal  appamtbs  that  the  cum^ut  in  one  tide  of 
the  phantdm  divider  equally  between  the  two  Wire»  of  bne  physical  circuit,  while 
the  cuhrettt  tn  theotl^r  side  of  the  phantom  divides  equally  between  the  twd  wire^  nf 
the  second  physical  cilicUit,  a  further  provieb  being  that  the  ahrangetnent  ehall  be 
Mdtal^y  balanced  both  electtnnmgnetically  and  electro^tically.  Under  these 
conditions,  them  is  no  tendency  for  current*  in  the  phantom  circuit  to  produce  bircU- 
laitlng  currents  in  the  component  physical  circuits,  ndf  do  cimilating  currents  in  thb 
latter  tend  te  pw&uce  a  cnrculatfng  current  in  the  phantom. 

l*echtricaUy  the  realisation  of  this  ^eeretical  ideal  i^  e^i^niely  di^ult.  Since 
in  the  transmi^on  of  dpeech  we  ate  dealing  With  a  band  of  high  frequency  alternating 
cctfrents  it  does  not  suffice  to  have  the  drcuiti  and  terminal  appttrktu«  bidanced  me^ly 
with  regard  to  their  ohmic  resistance.  They  must  also  be  balance  With  regard  to 
mutual  capacities  aJnd  IndUetancee,  not  for  k  aingle  frequency  albne  but  for  a  mdlti- 
1)licity  of  frequencies,  if  the  neceflsary  freedbm  from  cross  ihterfeWhce  Is  tb  be  obtained. 

With  ^  conditions  which  existed  at  the  beginuing  of  th<^  pi^nt  century,  heftiieT 
the  Bnee  themselves  nor  the  terminal  apparatus  were  stdtably  balanced  ibT  the  intto- 
ductiott  of  the  phantbm  principle.  All  df  the  baWee  then  in  s^ce  were  constructed 
irfth  a  view  to  eecuring  freedom  ftrom  interference  between  simple  metallic  citcuiti. 
'So  il^  With  bpen  wlt^  lines,  WMch,  idl^ugh  t^anspoeed  according  to  definite  rUM, 
were  designed  merely  to  provide  fre^otn  ftbm  bTose  interference  between  bii^ctiite 
operated  on  an  ordiikty  metallic  baeis.  The  terminal  apparatus  in  general  Uee  at 
ihat  time,  alttiough  reaeonably  iteti^skctory  for  the  ^rvlcet  originally  intended,  was 
even  more  hopeless  than  the  lined  from  the  standpoint  bf  phantbm  bperation. 

During  I9i«  years  between  1900  and  1906  oi- 190:^  great  MTldes  were  made  in'iiie 
applicatibn  of  phantom  operation.  A  trahspo^tibn  system,  permitting  t^  t^e  of 
phantom  circuits  on  open  wire  lines,  was  developed  and  the  neceesaxy  mechanical 
deMs  lor  interchanging  th^'  WiTee  Were  wbTked  btlt.  Phantom  lepe^ting  coils  were 
designed  and  the  art  bf  their  mamifacture  develb^.  Little  br  no^progtesb,  however, 
was  made  in  the  matter  of  subceesfully  adapting  eaibie  con^ttuction  to  tiie  requirements 
of  phantom  operation.  ' 

'  Th^  condition  at  about  the  beginning  bf  1907  Was,  therefbre,  bne  in  which  there  Was 
a  ft^y  laige  and  eucce«ehil  applibation  of  the  phantbm  pHndple  bn  nbnlbaded  open- 
wire  pble  lines  Which  terminated  directly  at  eentrti  bfflcee  br  terminated  threugh 
relatively  short  lengths  of  cable.  Where  the  toll  Hnee  Bad  tb  be  brbught  into  tJ^ 
central  offices  through  long  lengths  of  cable,  it  was  necessary  either  tb  place  tiib  phan- 
tom repeating  coils  at  the  junction  of  the  cable  with  the  open-wire  toll  line  bt'  (to 
endeavc^,  by  a  procese  bf  etperimental  eelectibn,  to  find  a  imfBcient  nnmb«^  bf  inter- 
ferenee^free  pair  combinations  in  ihefcai>le.  I^efimtoftheeekltemativeewasbighly 
objectionable,  both  from  the  standpoint  of  mailitenance  on  the  t^bil^  and  more  par- 
ticularly becauee  it  prectibaliy  eliminated  half  bt*  the  wifee  frem  the  pewibility  bf  use 
to  Mipetimpoeed  teiegraphyi  1^  second  alternative  was  timM  equii^ly  bbjec- 
tfbuable  becau^  every  repair  tb  tlie  cable  required  a  re^lectibn  of  t^dns: 

At  this  time  (1907)  there  Were  nb  means  known  fbr  combining  the  phantom  principle 
with  the  benefits  frem  loading  now  tb  be*  deeeribed. 
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Loading,— Although  Oliver  Heavyside  had  shown  mathematically  in  the  early 
days  of  telephone  development  that  material  improvements  in  the  transmiaaicm 
efficiency  of  circuits  would  result  from  increasing  their  seli  inductance  in  a  unifonn 
fashion,  it  was  not  until  the  latter  part  ot  the  last  century  that  any  scheme  was  eug- 
gested  for  the  practical  application  of  Heavyside's  work.  During  the  two  or  three 
years  immediately  preceding  1900,  Prof.  M.  I.  Pupin,  of  Columbia  Universit/,  and 
Mr.  George  A.  Campbell,  of  the  American  Telephone  &  Telegraph  Co.,  working  inde- 
pendently, showed  that  by  the  insertion  of  suitable  inductance  coils  at  int^^rals 
regularly  spaced  over  the  length  of  the  line  the  effect  of  a  distributed  inductance 
could  be  simulated  to  any  desired  degree  of  precision. 

This  invention  of  so-called  'dumped"  or  "coil"  loading  came  at  a  most  opportune 
time  in  the  development  of  the  telephone  industry  in  the  United  States.  By  1900 
telephone  service  requirements  within  the  laiger  urban  areas  and  on  the  long-distanoe 
toll  lines  were  taxing  the  then  known  methods  of  transmission  to  the  limit.  In  cities 
such  as  New  York  the  number  of  circuits  required  for  inter-office  trunk  purposes  had 
become  so  great  that  it  was  no  longer  feasible  to  carry  them  on  open-wire  pole  lines 
in  the  streets.  The  only  known  alternative  was  the  employment  of  heavy  gauge 
conductor  cables,  whose  use  would  entail  vast  expenditures  for  copper  and  conduit 
space  and  which  even  then  would  provide  an  inferior  grade  of  transmission.  For 
this  service  the  benefits  to  be  derived  from  loading  offered  a  most  welcome  relief  b j 
insuring  the  possibility  of  obtaining  the  necessary  grade  of  transmission  through  cables 
with  small  gauge  wires. 

The  problem  in  the  long-distance  toll  line  field  was  somewhat  different.  Here  it 
was  not  so  much  a  question  of  securing  more  circuits,  but  of  extending  the  range  of 
transmission,  or  bettering  the  service  over  existiDg  circuits.  With  the  laige  size  of 
copper  conductors  then  in  use  on  the  longer  lines,  it  was  clear  that  no  practical  tnns> 
mission  benefits  would  be  derived  from  a  further  increase  in  the  weight  of  metal,  while 
such  an  increase  would  necessitate  a  large  addition  to  the  item  of  line  costs.  It  was 
seen  at  once  that  if  coil  loading  could  be  applied  to  open-wire  lines  the  effective  range 
of  the  circuits  could  be  very  greatly  increased. 

Under  the  economic  spur  of  these  two  requirements  the  engineers  of  the  Bell  system 
attacked  vigorously  the  problem  of  producing  inductance  cqIIb  which  would  fulfill 
the  requirements  set  forth  by  Pupin  and  Campbell.  Although  the  mathematical 
solutions  had  been  obtained  and  their  accuracy  demonstrated  in  the  laboratory,  the 
practical  problem  of  physical  application  to  existing  telephone  circuits  had  yet  to 
be  completed. 

To  be  effective,  loading  coils  must  provide  the  required  inductance,  without  at 
the  same  time  too  greatly  increasing  the  effective  resistance  of  the  line.  With  the 
materials  at  first  available  it  was  feared  that  the  only  feasible  way  of  obtaining  the 
desired  transmission  results  would  be  through  the  employment  of  air-coie  coils. 
Coils  of  this  type  were  actually  constructed  and  installed  on  some  of  the  earlier  expoi- 
mental  loading.  While  fairly  efficient  in  the  matter  of  the  ratio  of  inductance  to 
effective  resistance,  these  coils  were  abncnrmally  large  and  had  the  very  serious  defect 
of  producing  a  large  stray  magnetic  field,  so  that  it  was  impossible  to  locate  more  than 
a  few  coils  in  close  proximity  to  one  another  without  encountering  serious  cross  inter- 
ference. 

This  early  work  showed  the  absolute  necessity  of  producing  a  magnetic  core  type 
of  inductance  coil.  The  solution  of  this  problem  led  ultimately  to  the  develoimient 
of  the  fine  iron  wire  toroidal  core  type  <d  loading  coil,  which  is  now  standard. 

By  1906  suitable  coils  had  been  developed  for  loading  both  cable  and  open  wiie 
circuits  of  the  ordinary  metallic  type.  In  the  cable  plant  loading  was  common  for 
all  of  the  longer  inter-office  trunks  in  cities  and  loaded  underground  toll  cables  between 
cities  were  beginning  to  be  installed.  In  the  open  wire  plant  loading  was  common 
for  everything  except  the  larger  sizes  of  copper  wire  which  were  employed  in  the  very 
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long  distance  services.  The  loading  of  such  wires  had  not  as  yet  proved  feasible  due 
to  the  fact  that  with  the  construction  then  standard  the  reduction  in  transmission 
efficiency  in  times  of  wet  weather  was  so  great  that  the  loaded  circuit  was  at  times 
actually  poorer  than  a  corresponding  nonloaded  circuit. 

At  the  time  in  question  (1906-7)  no  progress  had  been  made  in  the  application  of 
loading  to  circuits  operating  on  the  phantom  principle.  In  laying  out  tiie  plant  the 
telephone  engineer  was  consequently  confronted  with  the  necessity  of  choosing 
either  to  avail  himself  of  the  benefits  of  better  or  more  extended  transmission  through 
loading  or  of  greater  circuit  ^tcilities  through  phantoming — ^he  could  not  obtain  both. 

In  this  connection  it  is  interesting  to  note  that  whether  the  choice  was  loading  or 
phantoming,  the  successful  operation  of  plant  necessitated  a  very  much  higher  degree 
of  line  construction  and  maintenance  than  had  hitherto  been  deemed  necessary. 

Developnunt  of  phantom  loading  and  duplex  cable, — ^The  engineers  of  the  Bell  system 
were  fully  alive  to  the  disadvantages  of  the  conditions  just  described  and  at  once 
commenced  developments  looking  to  their  elimination.  The  resiilt  has  been  that 
during  the  past  eig^t  or  nine  years  the  problem  of  loading  large  gauge  open  wire 
eircmts  has  been  solved,  the  use  of  loading  has  been  extended  to  circuits  operating 
«Q  the  phantom  principle,  and  the  method  of  manufacturing  cable  has  been  completely 
levised,  so  that  today  practically  no  large  gauge  telephone  cables  are  constructed 
except  those  in  which  all  of  the  wires  are  available  for  loading  and  phantom  operation. 

Incidental  to  these  developments  but  of  a  practical  importance  almost  eqiial  to  the 
major  developments  themselves,  have  been  the  working  out  of  the  methods  necessary 
properly  to  install  and  load  this  new  or  so-called  ''duplex"  type  cable. 

Present  state  of  the  art  vnth  regard  to  loading ^  phantoming,  and  duplex  cables, — Coinci- 
dent with  the  successful  adaptation  of  loading  to  phantom  circuits  and  the  production 
«f  a  cable  suitable  for  loaded  phantom  operation  came  a  rapid  application  of  these 
developments  in  the  extension  and  betterment  of  long-distance  service.  While 
these  applications  were  made  principally  in  the  United  States,  they  have  also  been 
put  into  use  in  Europe  and  in  some  parts  of  South  America,  notably  at  the  Isthmus 
«f  Panama.  At  the  present  time  it  is  standard  practice  in  the  United  States  to  have 
all  of  the  longer  open  wire  Unes  equipped  with  phantom  loading,  to  have  these  lines 
«nter  the  central  offices  through  loaded  phantom  cables  and  to  connect  the  principal 
cities  with  loaded  phantom  circuits  in  underground  cable.  The  most  noteworthy 
application  of  phantom  loading  to  the  open  wire  plant  is  in  the  transcontinental 
telephone  circuits  between  New  York,  Boston,  and  other  Atlantic  seaboard  cities 
and  the  Pacific  coast,  while  the  most  noteworthy  application  of  loaded  phantom 
cables  is  between  Boston  and  Washington,  where  the  circuits  are  carried  in  loaded 
underground  cable  pairs  for  a  distance  of  approximately  500  miles.  In  England  an 
underground  loaded  phantom  cable  between  London  and  Liverpool  is  now  nearing 
completion. 

As  illustrative  of  the  extent  to  which  loading  has  been  applied  to  telephone  circuits 
in  the  United  States  within  the  last  10  or  12  years,  it  might  be  noted  that  there  are 
today  in  service  approximately  350,000  miles  of  loaded  inter-office  trunk  circuit, 
34,000  miles  of  loaded  undergroimd  toll  circuit,  and  200,000  miles  of  loaded  open 
wire  lines.  The  average  extension  in  the  range  of  transmission  by  the  use  of  loading 
is  from  two  to  three  times. 

TcUphont  amplifiers, — While  the  idea  of  telephone  amplifying  devices  is  almost 
as  old  as  the  telephone  art  itself,  it  has  been  only  within  the  last  four  or  five  years 
that  anything  approaching  successful  application  of  this  idea  has  been  made. 

Two  problems  are  involved  in  the  application  of  amplifiers  to  ordinary  two-way 
telephone  circuits.  One  is  the  problem  of  the  amplifier  instrument  itself  and  involves 
fundamentally  the  construction  of  an  instrument  which  will  add  energy  from  a  local 
source  to  the  telephone  circuit  under  the  control  of  the  attenuated  telephone  ciurent 
from  the  distant  transmitting  station.    To  be  successful  the  instrument  must  have 
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snch  chatacteristiee  that  no  appfociable  distonion  of  the  speech  is  produced  in  ltd  I 

operation.  ' 

The  othei^  id  the  problem  of  so  inperthig  the  amplifying  device  in  the  telephone 
line  that  it  will  work  equally  well  in  both  directions  and  witliotit  feny  teadelicy  to 
'*sittg,"  i.  e.,  to  operate  in  a  lockl  closed  cycle.  j 

Both  of  these  problems  were  fat  matiy  jeai^  fonddable  and  ntidutmounted  obdtaclee. 
Recently,  however,  both  have  been  solved  and  the  engineer*  bf  the  Bel!  Telephone 
system  have  developed  a  number  of  types  of  amplifying  devices  capable  of  applicii- 
tion  to  either  nonloaded  or  loaded  cihiuits  In  cable  of  open  tdre.  All  of  theeo  differ- 
ent types  are  in  iticcessful  operation  tb-day.  The  application  of  ampliflets  to  loaded  | 
circuits  is  particularly  difl&cult  on  account  of  the  peculiar  chamcteristicb  of  such  f 
circuits,  and  the  solution  has  involved  many  rttdi^  changes  in  the  pteviously  existing 
art  of  loading. 

Ttunsmilters  and  reteirers.—Althon^h  the  fundartieutal  principles  employed  in 
the  manufacture  of  t^mmerdal  fjansmittefs  and  receivers  have  not  undergone  radical 
chatige  within  the  past  W  years,  thefe  have  been  inarlced  advances  in  ^e  constme- 
tion  of  the  apparatus.    In  particular,  transmitters  have  beeh  adapted  tor  use  intet-  ] 

changeably  on  local  and  common  battefy  systems.    They  have  be^n  made  much  i 

more  nigged,  with  better  "quality**  and  louder  Volume,  than  the  iiistruments  stand- 
ard 10  years  ago.  j 

An  even  more  marked  improvement  has  been  made  in  connection  with  receivers 
due  to  the  employment  6f  pole  pieces  whidi  are  electrically  welded  to  tlief  permftn^t 
magnet  portion  of  ttie  receiver. 

Special  transmitters  and  receivers  fbr  a  variety  of  services  have  been  develops. 
In  particular,  throat  and  chest  transmitters,  ivhich  operate  directly  from  the  musculkr 
movements  caused  by  the  operation  of  speaking,  have  been  constructed  for  aero]>Iarte 
and  mine-rescue  work,  where  ordinary  type  insituments  t^an  not  be  Employed.  Spe- 
cial transmitters  have  also  been  developed  for  employment  in  theaters,  churches, 
and  other  auditoriums  for  the  purpose  of  enabling  partially  deaf  persons  to  uhd^b- 
stand  better  what  is  being  said.  Special  telephones  have  also  been  developed  for 
stethoscopic  and  cardiographie  obseTxations. 

Loud-speahing  teUpTioru  apparatxu.—WiWe  the  successful  completion  of  the  lt>ading 
and  amplifier  developments  which  have  made  transcontinental  telephony  possible 
have  completely  eliminated  the  necessity  and  desirability  for  loud-speaking  telephene 
apparatus  for  general  telephone  service,  the  last  three  or  four  years  have  seen  material 
progress  in  the  development  of  such  equipment  for  sp^alized  services.  In  particu- 
lar, there  has  arisen  a  demand  for  loud-  speaking  telephonic  equipment  for  announcing 
purposes,  for  passing  signals  and  orders  to  switch  towers  klong  railway  lines,  and  tot 
use  in  connection  with  moving  pi(iture^.  While  active  development  work  on  thfd 
kind  of  apparatus  is  still  in  progress,  much  has  already  been  done  to  meet  the  demands 
which  have  arisen.  For  many  of  the  services  amplifying  devices  are  used  in  con- 
junction with  special  transmitters  and  receivers. 

Telephone  drcuits  toith  supeHmposed  telegraph.— Whfl&  the  original  application  of 
ordinary  ground  line  telegraph  operation  to  Wires  normally  employed  for  telephone 
service  was  made  a  good  many  years  ago,  notable  improvrements  in  the  equip- 
ment have  been  made  during  the  last  10  or  12  years.  The  development  of  phantom* 
ing  and  loading,  and  particularly  the  combination  of  the  two  introduced  miny 
difficulties  into  the  successful  operation  of  superimposed  telegraph  circiuts.  With- 
in the  last  few  years  it  has  been  necessary  to  redesign  completely  the  terminal 
apparatus  used  at  the  central  office.  In  addition,  the  presence  of  the  tel^ltiph  curw 
rent  necessiated  a  special  design  of  loading  coil  for  use  on  very  long  circuits  in  order 
to  avoid  impairment  of  speech  quality. 

All  of  these  difficulties  have  been  overcome  and  the  situation  to-day  is  one  in  which 
every  wire  in  a  modern  telephone  toll  plant  is  available  for  operation  as  a  grounded 
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telegraph  circuit,  irrespective  of  whethpr  the  wire  fornu^  part  of  a  loaded  circuit 
or  a  loaded  phautom  circuit  and  irrespective  of  whether  it  is  in  cable  or  open  wire. 
Further,  the  telegraph  circuit  so  produced  is  suitable  for  the  highest  class  of  duplex 
operation.  In  the  United  States  there  are  thousands  of  mile^  oi  such  ei^periroposed 
telegraph  circuits  in  daily  operation. 

Interference  from,  high  teraion  lighting,  power,  an4  railway  circuits. — Within  the  last 
IQyeors  the  art  of  electric  transmission  of  power  has  undergone  radical  changes  and 
the  whole  art  of  single  phase  alternating  current  railway  operation  has  come  into 
existence.  Developments  of  a  protective  nature  for  telephone  and  telegraph  cir- 
cuits have  kept  pace  with  the  developments  in  the  disturbing  circuits. 

The  most  notable  results  have  been  obtained  in  connection  with  the  operation  of 
telephone  and  telegraph  lines  in  proximity  to  single-phase  alternating-current 
railways.  In  this  type  of  power  tranemission  circuit  the  inductive  effects  may  be 
felt  at  distances  measured  by  miles  rather  than  by  feet,  while  on  wires  in  close 
proximity  to  the  railway  line  the  induced  potentials  may  at  times  reach  hundreds 
or  even  thousands  of  volts.  The  problem  of  protcicting  low- voltage  circuits  against 
these  excessive  potentials  le4  to  the  development  of  w}iat  are  known  as  compensating 
transformers,  which,  althoiigh  causing  some  transmission  loss  when  introduced  into 
the  telephone  circuit,  serve  effectively  to  limit  the  voltage  lise  in  the  circuit  to  a  point 
which  endangers  neither  the  operation  of  the  circuit  nor  the  lives  of  those  employ- 
ing it. 

In  connection  with  high-tension  interference  it  is  interesting  to  note  that  in,  the 
United  States  the  diflScultiee  from  interference  which  beset  the  telephone  and  tele- 
graph engineer  have  reacted  to  produce  material  alterations  in  the  methods  of  power 
circuit  operation  arJginaUy  proposed.  Further,  there  is  to-day  a  concerted  desire  on 
the  part  of  telephone,  telegraph,  and  power  engineers  to  introduce  methods  of  opera- 
tion which  will  be  productive  of  minimum  inconvenience  to  all  concerned. 

The  great  growth  in  the  high-tension  network  which  covers  the  country,  piffticu- 
larly  in  the  thickly-settled  conunerclal  sections,  has  added  hazards  to  life  and  property 
aa  well  as  inductive  disturbance  troubles  to  the  problem  of  the  telephone  and  telegraph 
engineer.  With  the  increasing  complexity  of  the  aerial  line  plant  and  more  pf^cu- 
larly  through  the  economic  and  legislative  necessity  for  reducing  the  number  of  pole 
lines  to  a  minimum  by  joint  occupancy  of  low  and  high  tension  wires  the  possibility 
of  physical  contact,  particularly  in  timqs  of  storm,  has  been  greatly  enhanced.  One 
of  the  very  great  advances  which  has  been  made  in  the  last  few  years  has  been  in 
defining  proper  specifications  for  joint  use  construction,  proper  specifications  for  safe 
construction  at  crossing  points  of  low  and  high  tension  wires,  and  the  formulation  and 
adoption  of  proper  types  of  pole-line  construction  for  low  and  high  tension  wires  in 
general. 

Telephones  for  train  dispatching. — In  the  railroad  field  the  use  of  the  telegraph  for 
controlling  train  operations  is  rapidly  giving  way  to  the  telephone.  Up  to  a  few 
years  ago  the  telegraph  offered  the  only  feasible  means  for  handling  this  class  of 
service,  which  required  the  dispatcher,  located  at  a  central  point,  to  keep  in  constant 
touch  with  a  large  number  of  stations  idong  the  line.  There  were  frequently  as  many 
as  50  or  60  of  these  stations  and  each  office  had  a  predetermined  call  or  co  ie  which 
enabled  the  dispatcher  to  call  in  the  particular  operator  wanted. 

During  the  last  few  years  thoroughly  reliable  mechanisms  have  been  produced  for 
selectively  signaling  a  large  number  of  telephone  stations  on  the  same  line.  With  this 
mechanism  the  dispatcher,  by  the  simple  process  of  turning  a  particular  key  at  the 
central  point,  operates  a  signal,  usually  a  bell,  at  the  desired  station  without  signaling 
any  of  the  other  stations  on  the  Une.  As  soon  as  the  called  operator  picks  up  his 
telephone  he,  and  he  alone,  is  in  direct  communication  with  the  dispatcher  over  a 
high-grade  telephone  circuit. 
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The  developmeDt  of  this  selective  signaling  apparatus  has  removed  the  principal 
obstacle  to  the  general  adoption  of  the  more  effective  and  flexible  telephone,  and  it 
seems  only  a  question  of  time  when  practically  all  train  dispatching  will  be  done  by 
this  means  rather  than  by  telegraph. 

Telephone  apparattts. — Because  of  the  rapid  development  of  the  telephone  art  it 
has  actually  been  difficult,  at  times,  to  produce  the  new  apparatus  needed  to  keep 
pace  with  the  service  requirements.  This  was  particularly  true  in  the  period  pre- 
ceding 1905.  The  result  was  that  10  years  ago  the  telephone  system  was  employing 
a  great  variety  of  apparatus  performing  almost  identical  functions  and  consequently 
the  quantity  of  each  special  type  of  apparatus  required  was  small  and  the  manufac- 
turing costs  correspondingly  high. 

With  the  telephone  industry  assuming  gigantic  proportions  this  state  of  affairs 
obviously  could  not  continue  indefinitely  without  entailing  great  monetary  waste. 
About  eight  years  ago,  therefore,  the  matter  of  unifying  telephone  apparatus  as  much 
as  possible  was  undertaken  with  the  result  that  there  are  to-day  lines  of  apparatas 
with  but  slight  differences  in  structure  which  are  capable  of  performing  a  variety 
of  functions.  This  has  been  brought  about  largely  by  the  employment  of  unit  t3rpe8 
of  constructions  capable  of  being  assembled  in  a  variety  of  ways. 

All  this  has  resulted  in  the  adoption  of  more  effective  methods  of  manufacture 
with  a  consequent  reduction  in  cost.  One  of  the  most  noteworthy  results  of  this 
general  development  has  been  the  substitution  of  parts  punched  and  formed  from 
sheet  metal  for  parts  previously  made  from  castings  or  machined  from  solid  stock. 
This  use  of  sheet  metal  has  also  resulted  in  lighter  and  simpler  apparatus,  occupying 
less  space  in  the  switchboard  or  substation. 

A  noteworthy  example  of  this  standardization  of  types  is  found  in  relays,  of  which 
hundreds  of  thousands  are  employed  in  central  office  equipments.  A  few  years  ago 
there  were  almost  as  many  types  of  relays  as  there  were  individual  service  require- 
ments. To-day  this  has  been  changed  and  the  number  of  types  reduced  to  very 
small  proportions,  the  necessary  service  requirements  being  obtained  by  special 
windings  and  special  arrangements  of  contact  springs  assembled  from  standard  parts. 

Another  striking  change  in  telephone  apparatus  has  been  the  substitution  of  metal 
for  wood,  particularly  in  connection  with  the  housing  of  substation  apparatus.  Where 
formerly  the  subscriber's  set  and  the  apparatus  box  were  made  from  wood,  the  stand- 
ard practice  now  is  to  employ  drawn  steel  housings  properly  japanned. 

TBLEaRAPH. 

Land  systems. — ^Although  the  telegraph  was  the  first  of  the  electric  intelligence 
transmission  systems  in  the  field,  progress  in  the  art  during  the  20  years  following 
1885  was  not  as  great  as  the  progress  in  the  telephone  field .  Recently,  however,  great 
activity  has  been  shown  in  the  matter  of  utilizing  the  telegraph  wire  plant  to  bett^ 
advantage.  Not  only  has  the  use  of  the  superimposed  telegraph  been  greatly  extended 
in  the  telephone  plant  but  there  have  also  been  striking  developments  in  the  realm  of 
printing  and  high-speed  telegraph  systems. 

The  prioiary  object  of  these  developments  has  been  economy  in  the  wire  plant 
and  in  operating  costs.  As  a  result  of  what  has  been  accomplished  it  is  probably  an 
underestimation  to  state  that  one  telegraph  circuit  can  now  be  made  to  carry  as  much 
traffic  as  four  or  five  circuits  operated  by  hand  speed  Morse.  It  should  be  noted  in 
passing  that  this  statement  is  not  intended  to  convey  the  idea  that  all  tel^;raph  cir- 
cuits should  be  so  operated. 

Two  radically  different  fundamental  ideas  have  been  developed  in  the  last  decade, 
namely,  the  high  speed  and  the  multiplex.  In  the  high-speed  printing  system  the 
messages  are  first  prepared  on  perforated  tape  by  a  number  of  operators,  and  these 
tapes  when  collected  are  fed  into  a  transmitting  machine  in  sequence.  This  trans- 
mitting machine  converts  the  perforations  in  the  tape  into  telegraph  signals,  which 
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pass  out  over  the  line.  At  the  receiving  end  the  meesages  may  be  printed  directly 
on  a  paper  tape  or  they  may  be  received  as  perforations  in  a  tape,  which  is  later  fed 
into  a  special  typewriter  designed  to  translate  the  perforations  into  Roman  characters. 

In  high-speed  systems  the  printed  tape  at  the  receiving  station  is  gummed  to  the 
telegraph  blanks.  Thus  the  operations  at  the  sending  station  of  bringing  the  per- 
forated tapes  to  the  high-speed  transmitter  and  at  the  receiving  station  of  distributing 
the  messages  and  gumming  the  tapes  are  manual,  and  a  natural  development  would 
be  toward  performing  these  operations  automatically  or  else  eliminating  them  alto- 
gether. The  multiplex  type  of  printing  telegraph  accomplishes  this  purpose  and  the 
present  indications  are  that  it  will  become  the  preferred  scheme  for  handling  the  heavy 
telegraph  traffic  which  obtains  between  laige  cities. 

In  the  multiplex  system  the  line  is  switched  to  each  operator  in  turn  and  at  each 
switching  the  electrical  signals,  forming  a  one-letter  combination,  are  transmitted  over 
the  line.  The  switching  mechanism  operates  with  such  rapidity  that  it  is  possible 
to  obtain  a  speed  of  from  40  to  50  words  per  minute  from  each  sending  operator.  Thus 
in  the  case  of  a  quadruple  duplex;  that  it,  a  circuit  transmitting  four  meesages  in  each 
direction  simultaneously  over  one  wire,  the  total  carrying  capacity  of  the  circuit 
would  be  from  320  to  400  words  per  minute. 

In  the  multiplex  system  the  messages  are  perforated  on  a  paper  tape,  as  in  the  case 
of  the  high-speed  systems,  but  instead  of  one  transmitting  machine  and  one  printing 
machine  operating  at  a  high  speed,  a  number  of  separate  transmitters  and  printers  are 
used  at  each  end.  These  transmitters  and  printers  are  connected  to  the  switching 
mechanisms,  and  by  means  of  properly  designed  synchronizing  apparatus  the  instru- 
ments at  either  end  of  the  line  are  kept  in  proper  relation  to  one  another,  so  that  each 
punter  is  always  associated  with  its  own  transmitter. 

One  great  advantage  of  the  multiplex  from  an  electrical  and  mechanical  standpoint 
lies  in  the  relatively  long  time  intervals  which  obtain.  Thus,  after  a  letter  combina- 
tion has  been  sent  out  by  a  transmitter  to  the  distant  printer,  the  transmitter  has 
ample  time  to  set  up  another  letter  combination  and  the  printer  toaprint  the  letter 
and  to  restore  to  normal  before  the  machines  are  again  connected  to  the  line. 

The  multiplex  printing  telegram  system  now  being  manufactured  by  the  Western 
Electric  Co.  has  shown  traffic  loads  per  circuit  averaging  nearly  one-third  greater 
than  those  carried  by  previous  multiplex  systems  using  the  same  number  of  operators. 
As  compared  with  high-speed  systems,  the  traffic  handled  by  this  multiplex  is  prob- 
ably 40  per  cent  greater  per  average  circuit,  although  the  number  of  operators  required 
is  less. 

An  outgrowth  of  the  work  on  multiplex  printers  has  been  the  development  of 
electrical-printing  mechanisms  which  bid  fair  to  have  a  wide  field  of  application  in 
other  services  such,  for  example,  as  in  the  operation  of  large  commercial  and  manu- 
facturing establishments. 

Telegraph  for  railway  service, — ^As  noted  in  connection  with  telephone  developments, 
the  production  of  suitable  selective  signaling  apparatus  has  made  possible  the  sub- 
stitution of  the  telephone  for  the  telegraph  in  the  handling  of  train  movements  on 
railways. 

As  this  railway  service  has  been  one  of  the  principal  usee  of  the  telegraph  for  more 
than  50  years,  its  abolition  would  appear  to  make  the  handling  of  commercial  meesages 
for  business  not  conducted  by  telephone  and  the  transmission  of  press  dispatches 
and  other  matter  which  can  be  done  most  economically  in  this  way  the  principal 
future  field  for  land  telegraphy. 

Submarine  telegraph  cable. — For  many  years  developments  in  the  submarine  tele- 
graph field  were  practically  confined  to  improvements  in  the  types  of  cable  employed 
and  to  minor  improvements  in  the  terminal  apparatus.  During  the  last  few  years 
there  has  been  renewed  activity  in  this  highly  important  branch  of  communication. 

In  particular,  much  has  been  done  in  the  way  of  amplifying  the  feeble  currents 
received  through  long  ocean  cables,  thus  rendering  legible  current  fluctuations  which 
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would  otlieiid^^  bo  too  leeble  to  produce  readnUo  aiguals  on  a  AphoQ  rqcoid^  t^>e. 
A  direct  rofuU  of  amj^Ufyi^g  the  ^igoftl?  ^as  alao  been  iucref^aod  spe^  o{  trwoDuaBiPH. 

Witbiu  the  If^t  two  qx  three  yeerQ  experimeutfl  have  Ukewiee  bqei^  imde  wiUi  a  view^. 
to  re^prdi^g  c^ble  s^gi;^  as  dptf  aAd  daahes  ou  aaouoder^fo  that  theycaiibeiei^by 
e^,  a«  i9  do^  m  the  ce^e  of  Morpe  telegrame.  Ju^t  how  ier  tUi  Une  ol  4eveiop<B^it, 
which  would  permit  com^ectiog  together  eubi^ariAe  cableq  aud  laud  t9lefi?:^tph  lio^B, 
wiU  succeed  qonunerci«JXy  ia  s^  question  yet  to  be  detenuiued. 

"^he  moat  reoeu^  work  ou  ^biu^^e  telegraphy  has  bee&  th«^^  pi  Col.  $qui^.  o£ 
the  Uuited  &t^^  Army,  iifho  has  desigaed  a  pyptem  of  alteriiatiug  current  cable 
siignaUng  which  gives  promise  ol  conodei^le  application, 

RADIO  TBLEPHONT  AND  TELEGRAPHY. 

Since  the  whole  life  ol  the  art  of  radiocommunication  k  scsrody  more  thanlS  yeare 
long,  everything  which  has  been  done  is  in  a  sense  a  recent  development.  The 
phyfiAcal  phenomena  involved  in  radioooflBiai^^nication  are  so  q>ectacular  and  weivd 
thai  more  attesilioA  en  the  part  of  the  general  public  has  fxobi^y  been  accorded  the 
pTognees  ol  the  art  thi^  ia  usually  given  to  the  commercial  developmenta  of  electrical 
science.  For  this  reason  it  will  doubtless  sufi&ce  to  confine  our  consideration  to  what 
hae  been  done  dipdng  the  last  &ve  years^ 

At  the  beginning  of  the  present  decade,  radiotelegraphy,  although  aerving  a  useful 
purpose  hi  cottneotiaa  with  ship-to-ehip  and  ahip-to^ihoBe  services,  was  still  in  a  very 
UBsatislactory  condition.  Very  little  had  as  yet  been  done  in  the  matter  of  develop 
ing  BUOceiBful  hmg  distance  communication.  With  ope  <»  two  minor  exceptions  ol 
what  W€re  in  reality  experinifMital  installations,  practically  all  radiocommimieatton 
was  on  a  spark-system  basis.  Continuous  wave-train  systems  ware  beginning  to  loom 
up  as  posathilitiea  ol  the  future,  and  contvoveralep  as  to  the  relative  merits  of  such 
systems  and  the  already  known  spark  systems  were  b^;inning  to  be  had. 

At  the  tioae  in  question,  say  1010,  radiotelephony  except  as  a  theoretical  poasi- 
bility  supported  by  a  £ew  rather  unsatisfactory  demonstrationa  of  an  experimental 
character,  did  not  exiet.  Certain  thisigs  had,  however,  been  reasonably  well  deter*, 
mined  as  essential  to  any  future  devekupmenl  idong  this  Mne;  lor  example,  the  nec- 
essity ^r  a  continuoua  or  almost  continuous  form  ol  wave  train  and  aomething  otheif 
than  the  direct  insertion  ol  a  telephone  transmitter  in^  the  antenna  circuit,  for  modify* 
ing  the  highfftwiuency  waves* 

By  the  first  ol  1013  what  was  termed  commercial  trans-Atlantic  eomnundcatiain 
by  radiotelegraphy  had  been  accomplished,  and  although  spark  systems  were  alili 
iu  the  grfAt  majority,  oontiiiuoua  osdUatut^  systema  Ware  beginning  to  ceoie  into 
favor,  pfiurtioularly  lov  longdistance  service*  In  a  practical  senae,  radostelephony 
had  not,  howevery  made  very  much  progress. 

GENERATING  ABPARATIJS. 

During  the  past  five  years  most  of  the  pfogress  in  the  field  of  generating  apparatua 
has  been  in  the  direction  of  producing  continuous  oscillations  of  large  power,  in 
this  connection  should  be  mentioned  the  Goldschmidt  generator,  the  static  fre- 
quency changes  of  the  'Telefunken  Co.,  improvements  in  the  Poulsen  arc  intetided  to 
give  a  larger  outptit  and  more  stable  operations,  the  high  frequency  alternators  de- 
veloped by  the  General  Electric  Co. ,  and  t^erm^inic  devices,  dome  of  this  apparatus 
has  reat^ied  the  stage  where  it  is  in  everyday  commercial  service,  while  the  rest  is 
still  largely  in  the  experimental  stage. 

BADIATINQ  STSTQtfS. 

During  the  past  few  years  practically  nothing  of  importance  has  been  published 
on  the  fundamental  principles  of  radiating  systems.    The  general  trend  of  commercial 
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or  experimeDtal  radio  station  construction  has  been  toward  the  use  of  laiger  antenna 
structures  at  the  sending  station  with  a  corresponding  lengthening  ol  the  most  efficient 
wave  length  to  be  used.  Although  present  knowledge  is  still  very  meager,  this 
tendency  to  large  antenna  systems  at  the  sending  station  is  the  result  of  the  general 
experience  in  long-distance  radio  transmission,  which  appears  to  show  that  the  lower 
frequencies,  that  is,  the  longer  wave  lengths,  are  more  readily  and  efficiently  trans- 
mitted than  the  higher  frequencies  or  shorter  wave  lengths. 

For  receiving,  the  use  of  amplifying  devices  has  permitted  the  adoption  of  very 
cheap  and  simple  structures.  Experience  has  shown  that  the  reduction  in  receiving 
efficiency  by  the  adoption  of  small  antenna  systems  is  compensated  for  by  the  reduc- 
tion in  atmospheric  disturbances — this  making  possible  the  use  of  a  high  d^ree  of 
amplification  of  the  received  signals. 

TRAM8MI68ION. 

The  most  important  data  on  the  laws  governing  the  strength  of  received  signals 
which  has  been  published  during  the  last  few  years  are  those  obtained  by  Dr.  Austin, 
of  the  United  States  Navy  Department.  This  data  was  in  process  of  being  augmented 
by  a  comprehensive  series  of  simultaneous  observations  at  widely  separated  stations 
under  the  direction  of  an  international  organization,  at  the  time  present  hostilities  in 
Europe  commenced.  Until  such  international  cooperation  can  be  reestablished 
little  of  value  is  likely  to  be  done. 

BECEIVING  APPARATUS. 

As  inferred  above,  the  sensitiveness  of  receiving  apparatus  has  been  very  greatly 
increased  during  the  past  few  years.  This  has  been  accomplished  laigely  through  the 
employment  of  detectors  of  the  so-called  Fleming,  De  Forrest,  and  von  Lieben  types, 
together  with  the  use  of  locally  generated  oscillation  methods  of  receiving  continuous 
wave-train  signals.  The  introduction  of  continuous  wave-train  systems  and  the 
improvements  made  in  spark-sendipg  apparatus  have  also  made  possible  a  decided 
increase  in  selectivity  at  the  receiving  stations. 

ATMOSPHERIC  AND  INTERFERENCE  DISTURBANCES. 

Although  so-called  atmospheric  disturbances  and  interference  from  oiher  radio- 
stations  have  always  been  recognized  as  one  of  the  serious  limitations  to  the  successful 
employment  of  radio,  and  although  a  vast  amoimt  ol  labor  has  been  expended  during 
the  past  four  or  five  years,  the  actual  progress  toward  better  conditions  has  been 
relatively  small. 

In  the  matter  of  station  interference  the  improvements  in  transmitting  and  receiving 
apparatus  just  noted  liavc,  of  course,  tended  to  decrease  the  amotmt  of  trouble  from 
this  source. 

Despite  all  endeavors,  atmospheric  disturbances  of  various  kinds  are  still  a  vast 
obstacle  to  the  successful  use  of  radio  in  some  localities,  and  in  all  localities  at  certain 
seasons  of  the  year.  Many  schemes  for  the  elimination  or  reduction  of  these  dis- 
turbances have  been  proposed  and  tried  out,  but  none  have  as  yet  shown  themselves 
to  be  even  measurably  successful. 

OPERATING  METHODS. 

B>  far  the  laiger  part  of  radiotelegraph  messages  are  handled  at  comparatively  slow 
speeds  with  hand  sending,  although  automatic  machine  sending  has  been  tried  out  to 
a  limited  extent.  The  receiving  is  done  largely  by  ew.  Duplex  operation  involving 
the  use  of  two  antenns  at  each  end  has  come  into  use  to  a  limited  extent — the  sending 
system  being  under  some  form  of  distant  control  by  the  receiving  operator. 
68436— 17— VOL  \i 46 
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TRAFFIC. 

The  present  commercial  traffic  is  largely  special  in  nature,  such  as  ship-to-ehore 
and  ship-to-ship  service.  Where  land  business  is  involved,  the  messages  are  col- 
lected largely  by  the  telegraph  companies  and  passed  on  to  the  radio  companies  for 
transmission.  In  addition  to  this  special  service  for  which  no  wire  competition  is 
IMssible,  several  regular  transoceanic  services  are  being  maintained,  notably  those 
from  Tuckerton  and  Sayville  in  the  United  States,  to  Hanover  and  Nauen  in  Ger- 
many, and  that  between  San  Francisco  and  Honolulu. 

BBQULATION. 

With  the  rapid  growth  in  the  nimiber  and  power  of  radio  stations  during  the  past 
few  years,  conditions  of  operation  under  a  system  of  no  control  became  so  difi^ult 
that  the  whole  matter  of  radio  regulation  by  law  has  received  a  great  deal  of  attention, 
not  only  in  individiial  countries,  but  also  through  cooperative  international  action. 
The  importance  of  radio  communication  in  matters  of  hazard  to  life  at  sea  and  in 
matters  of  maritime  warfare  tended  to  augment  the  necessity  for  rigid  control  of  com- 
mercial radio  systems. 

Although  much  has  been  done  to  ameliorate  the  state  of  affairs  existing  some  years 
ago,  further  extensions  of  radio  service  and  further  improvements  in  radio  transmitting 
and  receiving  apparatus  will  undoubtedly  necessitate  further  action  by  Governments, 
both  individually  and  collectively.  It  is  to  be  hoped  that  legblation  will  be  based  on 
actual  physical  iMssibilities  rather  than  on  what  might  be. 

BADIOTBLBFHONT. 

While  the  foregoing  comments  on  recent  developments  pertain  mainly  to  radio- 
telegraphy,  many  of  them  apply  equally  to  radiotelephony.  At  the  same  time  it  can 
be  said  that  up  to  within  the  last  year  or  15  months  very  little  of  practical  importance 
had  been  done  in  the  field  of  radiotelephony. 

During  1915  very  considerable  progress  has  been  made  and,  as  is  well  known,  suc- 
cessful radiotelephony  has  been  carried  on  between  the  Naval  Radio  Station  at 
Arlington  and  such  distant  points  as  the  Isthmus  of  Panama,  San  Francisco,  San 
Diego,  Honolulu,  and  Paris.  An  important  part  of  this  work  has  been  a  demonstzm- 
tion  of  the*  practicability  of  directly  connecting  long-distance  telephone  and  telegraph 
wires  to  the  radio  system  at  either  the  transmitting  or  receiving  end,  thus  making 
possible  a  continuous  communication  channel  involving  one  or  more  wire  and  one  or 
more  radio  links. 

The  success  of  these  recent  improvements  in  long-distance  radiotelephony  has  been 
made  possible  not  only  by  improvements  in  the  receiving  apparatus,  but  more  par- 
ticularly  by  improvements  in  the  transmitting  apparatus  and  in  the  means  for  influ- 
encing and  modulating  the  radiation  of  laige  amoimts  of  energy  from  the  antenna 
system. 

APPARATUS  FOR  THE  TROPICS. 

In  a  meeting  such  as  a  Pan  American  Scientific  Congress,  where  many  of  the  dele- 
gates are  interested  in  the  conditions  which  obtain  in  the  Tropical  Zone,  no  paper  on 
recent  developments  in  telephony  and  telegraphy  would  be  complete  without  some 
mention  of  the  special  developments  that  have  been  made  to  better  the  operation  of 
apparatus  in  such  localities. 

Roughly  speaking,  the  conditions  of  telephone  and  telegraph  operation  which 
require  special  consideration  in  tropical  countries  are  those  arising  from: 

1.  The  higher  temperature  and  higher  average  humidity  which  obtains. 

2.  The  greater  severity  of  lightning  storms  and  other  atmospheric  disturbances. 

8.  The  prevalence  in  some  localities  of  insects  which  are  peculiarly  destructive  to 
wood,  fabrics,  and  even  to  metals. 
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Trouble  in  telephone  plants  from  the  first  of  these  causes  is  especially  noticeable 
wherever  there  is  common  battery  operation.  With  this  system  practically  all  parts 
of  the  local  telephone  plant  are  subjected  to  the  continuous  application  of  the  central- 
office  battery  voltage.  This  obviously  results  in  increased  electrolytic  corrosion 
troubles  where  there  is  any  chance  of  such  action. 

Recently  switchboard  cables,  electromagnet  coils,  switchboard  cords,  and  in  general 
the  instruments  themselves  have  been  so  improved  that  operation  in  the  Tropics  is  not 
materially  more  troubleeone  than  in  the  Temperate  Zones.  These  improvements, 
which  are  largely  in  the  nature  of  moisture-proofing  standard  equipment  or  the  pro- 
duction of  corresponding  moisture-proof  types,  have  resulted  from  careful  studies 
made  by  engineers  in  the  Tropics. 

A  few  years  ago  there  were  many  complaints  about  apparatus  involving  wood, 
manufactured  in  the  United  States  and  Europe  and  installed  in  tropical  countries. 
These  complaints  covered  the  destruction  of  the  wooden  portions  by  so-called  "white 
ants.''  So  numerous  did  these  complaints  become  that  it  was  clearly  evident  that 
some  substitute  for  untreated  northern  woods  would  have  to  be  obtained.  Two 
alternatives  presented  themselves:  One,  the  use  of  tropical  woods,  which  experience 
had  shown  to  be  relatively  free  from  termite  attack,  and  the  other,  some  treatment  of 
the  ordinary  Temperate  Zone  woods  generally  employed  by  telephone  and  telegraph 
companies.  While  the  careful  studies  which  were  instituted  and  which  involved 
subjecting  samples  to  actual  exposure  to  termite  attacks  have  not  yet  been  com- 
pleted, it  is  clear  that  either  teak  or  mahogany  is  a  relatively  safe  wood  to  employ. 
In  some  cases,  of  course,  the  value  of  the  apparatus  hardly  justifies  the  expense  of 
these  woods  and  coimtless  cheaper  substitutes  will  ultimately  be  forthcoming. 

While  the  so-called  "lead  bug"  is  not  confined  solely  to  the  Tropics,  its  ravages 
appear  to  be  more  widespread  there  than  in  Temperate  Zone  countries,  such  as  the 
United  States.  Thus  far  no  very  effective  economical  means  has  been  found  for 
preventing  its  destructive  action,  particularly  to  lead  cable  sheaths.  Numerous 
experiments  are  under  way  at  the  present  time,  some  of  which  it  is  hoped  will  lead 
to  an  amelioration  of  this  trouble. 

In  the  matter  of  metal  finishes,  much  improvement  has  been  made  during  the  last 
three  or  four  years,  particularly  where  iron  or  steel  parts  are  involved.  Where  long 
life  for  the  apparatus  is  required  it  has  been  definitely  proven  that  the  utmost  pre- 
cautions are  required  in  finishing  apparatus  intended  for  installation  in  the  Tropics. 
In  general  thoroughly  satisfactory  protective  finishes  must  involve  the  use  of  a  coating 
of  some  nonrusting  or  rust-preventing  metal  on  the  iron,  either  mth  or  without  an 
additional  covering  of  japan  or  lacquer. 

8UKMABY. 

Summarized  briefly,  the  principal  developments  in  the  field  of  intelligence  trans- 
mission during  the  last  four  or  five  years  have  been  the  introduction  of  hi^-speed 
and  printing  telegraph  systems;  improvements  in  the  accuracy  and  speed  of  submarine 
cable  telegraphy;  very  great  extensions  in  the  use  -of  loading  and  phantoming  on 
telephone  circuits,  both  open  wire  and  cable,  and  particularly  in  the  combination  of 
loading  and  phantoming;  the  development  of  successful  telephone  amplifiers;  and  in 
general,  the  reduction  of  apparatus  manufacture  to  a  more  uniform  and  economical 
basis.  In  the  field  of  radiocommunication  the  developments  have  been  in  the 
production  of  better  telegraph  apparatus;  in  increased  range  and  reliability  of  radio- 
telegraphy;  and  recently  in  the  successful  experiments  which  have  been  made  in 
long-distance  radiotelephony. 

Of  major  importance  in  this  field  has  been  the  establishment,  beyond  question,  of 
the  practicability  of  directly  connecting  long-distance  wire  telephone  and  telegraph 
lines  with  radiotransmission  systems. 


Digitized  by  VjOOQIC 


71^       PBOCEEDINGS  SECOND  PAN   AMERICAN   SCIENTIFIC   CONGRESS. 

With  the  developments  already  accomplished  and  with  the  other  developments  now 
in  progress,  it  is  possible  to  predict  with  something  of  assurance  the  {Mobable  tr^ul 
of  ^e  various  services  during  the  next  few  years.  The  exact  fields  oi  telepliony  and 
telegraphy  of  wire  and  radio  communication  are  becoming  more  clearly  defined  and 
it  is  evident  that  the  whole  art  of  intelligence  transmission  electrically  will  devek^^i 
with  the  various  services  acting  cooperatively  rather  than  competitively.  Tel^js^y 
is  essentially  not  a  competitor  of  telephony  in  the  service  it  is  fitted  to  render  mankind, 
and  the  physical  limitations  imposed  on  radio  c(Hnmunication  show  that  while  it  hae 
a  distinct  and  valuable  place  in  the  act  which  will  be  vig(m>usly  developed,  that 
place  does  not  involve  any  active  competition  with  wire  telegrai^y  or  telephony. 

The  Chairman.  Dr.  Jewett's  paper  is  open  for  a  brief  discussion. 
The  discussion  will  necessarily  have  to  be  brief  if  we  are  to  adhere  to 
our  schedule. 

Mr.  Stone.  I  would  like  to  say  that  periiaps  the  most  striking 
thing  about  the  development  of  telephony  and  telegraphy,  which 
has  really  been  phenomenal,  is  the  fact  that  it  was  developed  practi- 
cally entirely  in  the  United  States  of  America;  and,  more  surprising 
still,  by  a  single  corporation.  Of  course,  the  Western  Electric  Ck>.  is 
imder  the  same  control  as  the  American  Telegraph  &  Telephone  Co. 
It  has  been  developed  by  a  most  remarkable  staflf  of  competent 
physicists  and  engineers.  I  think  it  is  most  remarkable  that  the  two 
aUied  arts,  telephony  and  telegraphy,  should  each  have  been  developed 
by  a  single  corporation  in  such  a  wonderful  way.  It  is  quite  unique 
in  that  respect. 

The  CHAiRiiAN.  I  was  interested  in  the  reference  to  the  work  of 
Dr.  Pupin  and  Mr.  Campbell.  It  is  no  depreciation  of  the  tremen- 
dous value  of  their  work  to  call  attendion  to  the  fact  that  the  neces- 
sity for  that  work  was  recognized  before  they  showed  the  way;  and 
just  as  a  matter  of  interest,  I  would  like  to  recount  a  little  personal 
experience  I  had  with  Prof.  Rowland.  Prof.  Rowland,  as  you 
doubtless  all  know,  developed  an  instrument  which  his  untimely 
death  prevented  from  being  fully  developed.  I  think  it  was  about 
1899  that  he  was  developing  some  instrument  for  exhibition  at  the 
P^ris  Exposition  of  1900.  It  was  my  privilege  to  help  him  there  at 
that  time.  He  had  been  working  on  the  connection  between  Paris 
and  London,  which  embraced  some  25  or  30  miles  of  cable  under  the 
English  Channel,  and  he  was  having  considerable  trouble  in  getting 
transmission  through.  One  day  he  came  in  and  threw  up  his  hands 
and  exclaimed,  '*If  I  only  had  two  coils  in  the  bottom  of  that  cable 
in  the  English  Channel,  there  would  be  no  trouble." 

Mr.  Stone.  I  would  like  to  mention  the  name  of  A.  Vachy,  the 
French  professor.  Before  anyone  else,  he  developed  the  mathe- 
matical theory  of  the  loaded  line  consisting  of  a  number  of  coils  and 
condensers,  but  never  made  any  practical  application  of  it,  although 
he  did  point  out  that  inductance  would  increase  the  speed  and 
distance  of  telegraphy. 
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Mr.  Shreve.  Mr.  Stone  also  contributed  somewhat  to  the  work  of 
loading,  perhaps  prior  to  either  Pupin  or  Campbell.  I  know  that, 
because  Mr.  Stone  was  working  with  the  American  Telegraph  and 
Telephone  engineers  prior  to  the  work  of  Dr.  Campbell. 

The  Chairman.  It  is  yery  interesting  to  know  that. 

Mr.  Stone.  I  will  say  that  my  work  started  Mr.  Campbell  on  the 
problem,  but  I  confined  myself  to  getting  a  means  for  uniformly  dis- 
tributing inductance.  That  method  lends  itself  very  well  to  sub- 
marine cables,  and  has  been  used  abroad  in  loading  telegraph  and 
telephone  and  submarine  cables,  but  it  is  not  so  good  for  subterra- 
nean cables  as  the  Pupin  coils.  It  has  been  completely  superseded  by 
Pupin  coils. 

The  Chairman.  We  will  now  proceed  to  the  next  paper,  entitled 
' 'Electrification  of  transportation  lines."  I  have  the  pleasure  of 
calling  on  Mr.  N.  W.  Storer. 


THE  ELECTRIFICATION  OP  TRANSPORTATION  LINES. 

By  NORMAN  WILSON  STORER, 
General  Engineer,  Westingkouse  Electric  and  Monvfactwring  Co.,  Pittshwrgh,  Pa. 

Ever  since  the  first  car  was  propelled  by  electricity  it  has  been  the  dream  of  the 
traveling  public  to  have  all  railway  trains  moved  by  that  mysterious  power.  In  the 
early  days  of  electric  railways  it  was  thought  and  freely  predicted  not  only  by  many 
electrical  engineers,  but  by  thousands  of  other  people  that  the  electrification  of  all 
steam  railways  would  be  an  accomplished  fact  within  a  very  few  years.  These  predic- 
tions were  based  for  the  most  part  on  an  imperfect  knowledge  of  the  problems  in- 
volved, a  lack  of  appreciaticm  of  the  magnitude  of  the  undertaking,  and  an  inadequate 
idea  of  the  enormous  amount  of  money  involved. 

Thousands  of  miles  of  new  electric  railways  have  been  built,  many  of  them  perfonn- 
ing  service  comparable  to  steam  railways,  both  with  motor  cars  and  with  locomotives, 
but  up  to  date  only  about  2,000  miles  of  steam  railway  trackage  has  been  equipped 
f<N*  electrical  operation.  Although  this  may  seem  to  be  a  comparatively  small  amount, 
it  includes  about  a  score  of  iuBtallations,  most  of  them  being  on  important  trunk 
lines  which  shows  that  the  advantages  are  appreciated  by  the  large  companies  and 
that  the  present  installations  are  simply  preliminary  to  more  extensive  electrifica- 
tions that  will  follow  as  soon  as  the  proper  standards  can  be  decided  on  and  the 
advantages  balance  the  cost. 

The  considerations  that  have  thus  far  influenced  the  adoption  of  electricity  in 
place  of  steam  have  been  (1)  the  elimination  of  smoke  and  gases  from  long  tunnels; 
(2)  increased  capacity  and  higher  class  of  service  for  handling  suburban  trafi^c  in 
large  terminals;  (3)  increased  capacity  of  moimtain  grade  railways,  both  for  passenger 
and  heavy  freight  haulage;  (4)  high  cost  of  fuel  and  cheap  water  power;  (5)  increased 
capacity,  higher  class  and  more  reliable  service  on  congested  trunk  lines;  (6)  l^is- 
lation. 

1.  It  is  well  known  that  the  use  of  steam  locomotives  in  tunnels  is  attended  with 
great  discomfort  to  passengers  and  danger  to  the  health  of  train  crews  under  normal 
conditions  of  operation,  while  under  extraordinary  conditions  such  as  obtain  when 
a  heavy  train  is  stopped  in  a  long  tunnel,  many  lives  have  been  lost  due  to  asphyxia- 
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tion.  A  long  tunnel  on  a  railway  is  usually  the  **  neck  of  the  bottle  "  the  place  where 
the  greatest  congestion  takes  place  due  to  the  difficulties  arising  from  smoke  and  gases. 
It  is  not  at  all  surprising  that  this  has  been  the  cause  of  most  of  the  steam  railway  elec- 
trifications thus  far  made.  The  Baltimore  and  Ohio  Railroad  was  the  first  to  undertake 
this  for  the  tunnel  at  Baltimore  which  was  electrified  about  20  yeare  ago.  Since  then 
the  Grand  Trunk  Railway  has  installed  electric  locomotives  for  the  tunnel  under  the 
St.  Clair  River  at  Port  Huron,  Mich.;  the  Great  Northern  has  electrified  the  Cascade 
Tunnel;  the  Boston  &  Maine,  its  Hoosac  Tunnel;  The  New  York  Central  A  Hudson 
River  Railway,  the  Park  Avenue  Tunnel  at  New  York;  the  Michigan  Central  Railway, 
its  Detroit  River  Tunnel  at  Detroit;  and  the  Pennsylvania  Railroad  equipped  its  new 
tubes  under  the  North  and  East  Rivers  at  New  York  for  electric  operation.  In  all  of 
these  the  elimination  of  the  smoke  nuisance  was  of  paramount  importance.  Still 
another  important  tunnel  that  has  recently  been  electrified  is  the  Elkhom  Tunnel 
on  the  Norfolk  &  Western  Railway  near  Bluefield,  W.  Va.,  but  this  was  due  not  so 
much  to  danger  as  to  the  necessity  of  increasing  the  capacity  of  the  line,  which  was 
limited  both  by  the  tunnel  and  a  long  heavy  grade. 

In  every  case  the  electrification  has  been  a  great  success.  From  being  a  source  of 
discomfort  and  danger  to  passengers  and  crews  and  a  continued  hindrance  to  traffic, 
the  tunnels  have  become  a  pleasure  for  passengers,  and  the  capacity  is  fully  equal  to 
that  of  any  part  of  the  line. 

2.  There  are  many  incidental  advantages  connected  with  taminal  electrificaticm 
apart  from  the  increased  capacity  and  facilities  for  handling  suburban  traffic.  The 
absence  of  smoke  and  foul  gases  and  the  comparatively  noiseless  operation  of  the  trains 
enhances  the  value  of  real  estate  adjacent  to  the  railwajrs,  as  well  as  the  value  of  the 
railway  property.  It  makes  it  possible  practically  to  cover  the  tracks  with  buildings 
of  all  kinds,  hotels,  offices,  apartment  houses,  warehouses,  in  &ct,  almost  any  kind  <^ 
building  that  is  needed  in  that  neighborhood.  The  buildings  that  are  especially  well 
suited  for  such  locations  are  railway  offices,  express  and  freight  warehouses,  post  offices, 
and  hotels.  All  of  these  would  save  enormously  in  local  transportation  if  so  located. 
The  erection  of  warehouses  over  freight  yards  and  tracks  would  make  it  possible  to 
raise  freight  cars  to  upper  floors  in  the  building  where  they  could  be  quickly  imloaded 
and  reloaded  and  the  cars  disposed  of  with  the  least  possible  delay.  Thus  the  value 
of  the  railway  property  would  be  enormously  increased  and  the  income  from  these 
buildings  would  go  far  toward  paying  the  cost  of  electrification,  rearranging  terminals, 
and  the  construction  necessary  to  obtain  these  results. 

The  increased  capacity  of  the  terminal  is  due  largely  to  the  use  of  multiple-unit 
trains  for  handling  suburban  traffic.  These  trains  are  made  up  of  motcM*  cars  and 
trailers,  all  carrying  passengers.  Every  car  has  a  master  controller  at  either  end  so 
that  the  trains  can  be  made  up  of  any  number  of  cars  as  desired  and  operated  from 
either  end.  The  light  movements  of  locomotives  and  trains  in  the  yard  are  thus 
greatly  reduced  and  the  number  of  useful  train  movements  possible  is  correspondingly 
increased.  The  most  notable  installations  of  this  character  in  the  United  States  of 
America  are  those  railways  centering  in  New  York.  The  Long  Island  Railway, 
having  a  large  network  of  lines  on  Long  Island  with  terminals  at  Brooklyn,  was  the 
first  of  these.  It  has  much  the  largest  system  of  any  railway  of  that  character,  being 
almost  exclusively  a  surbuban  railway  with  multiple-unit  car  service.  Since  the 
Pennsylvania  Station  in  New  York  was  completed,  a  great  deal  of  the  Long  Island 
Railway  traffic  is  taken  directly  to  New  York. 

The  electrification  of  the  Grand  Central  Station  in  New  York,  forced  by  law  on 
account  of  an  accident  in  the  Park  Avenue  Tunnel,  due  to  steam  obscuring  the  signals, 
necessitated  a  complete  rearrangement  of  the  terminal,  and  much  greater  use  has  been 
made  of  the  advantages  of  electrification  in  this  Instance  than  in  any  other.  Both 
the  New  York  Central  &  Hudson  River  Railway  and  the  New  York,  New  Haven  & 
Hartford  Railway  make  use  of  this  station,  and  both  have  extended  their  electrification 
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some  distance  outeide  of  the  city,  the  former  to  include  the  suburban  traffic  which 
is  handled  by  multiple-unit  trains,  and  the  latter  is  extended  to  New  Haven,  a  dis- 
tance of  73  miles,  handling  their  entire  service  by  multiple-unit  cars  and  locomotives. 
The  New  York  Central  handles  its  through  passenger  trains  by  electric  locomotives, 
but  its  freight  by  steam.  The  New  EDaven  has  high-speed  electric  locomotives 
for  fast  through-passenger  trains,  moderate  speed  locomotives  for  heavy  passenger 
and  freight  service,  and  slow-speed  locomotives  for  switching  in  their  large  yards. 

The  Pennsylvania  Station  is  used,  as  before  stated,  by  the  Long  Island  Railway 
for  its  suburban  traffic  and  also  as  the  terminal  for  all  its  western  passenger  traffic. 
The  locomotives  used  for  these  trains  are  the  most  powerful  passenger  electric  loco- 
motives ever  built.  One  of  them  hauls  a  train  weighing  500  to  800  tons  up  a  2  per 
cent  grade  at  30  to  40  miles  per  hour,  and  on  a  level  track  at  50  to  60  miles  per  hour. 

The  Pennsylvania  has  also  recently  electrified  the  main  line  west  from  the  Broad 
Street  Station  in  Philadelphia  to  Paoli,  a  distance  of  about  20  miles,  and  handles  the 
suburban  traffic  by  multiple-unit  trains,  but  still  uses  steam  for  through  pi^^nger 
and  all  freight  trains. 

3.  The  mountain  grade  railways  are  the  ones  that  are  receiving  most  consideration 
at  this  time.  Grades  varying  from  1  to  3  per  cent  are  frequently  as  great  handicaps 
to  the  movement  of  trains  as  are  long  tunnels.  Due  to  the  limited  boiler  capacity 
of  the  steam  locomotive,  the  power  it  can  develop  is  necessarily  limited.  Conse- 
quently, either  the  trailing  load  per  locomotive  must  be  cut  down  to  very  light  weight 
or  the  speed  must  be  reduced.  As  a  usual  thing,  both  weight  and  speed  have  to  be 
decreased,  and  trains  that  are  normally  run  on  light  or  level  grades  with  a  single 
steam  locomotive  are  taken  up  grades  with  one,  two,  or  even  three  additional  loco- 
motives at  greatly  reduced  speeds.  On  an  ordinary  grade  of  2  per  cent,  which  is 
quite  common  in  mountainous  districts,  the  speed  of  a  freight  train  is  scarcely  moro 
than  7  or  8  miles  per  hour  with  steam  locomotives,  while  with  electrics  which  do  not 
carry  their  power  plants  with  them  it  may  be  any  speed  from  10  to  25  miles  per  hour, 
as  desired,  depending  on  the  amount  of  power  it  is  economical  to  use  in  one  train. 
Freight-train  speeds  with  electric  operation  on  grades  will  usually  be  between  14 
and  20  miles  per  hour.  Steam-driven  passenger  trains  ordinarily  ascend  such  grades 
at  speeds  of  15  to  25  miles  per  hour.  These  can  be  increased  to  25  to  40  miles  per 
hour  or  higher,  if  necessary,  with  electricity.  The  average  speed  on  the  grades  can 
be  still  fiuther  increased,  due  to  the  fact  that  the  stops  necessary  for  taking  on  fuel 
and  water  for  the  steam  locomotives  are  eliminated,  and  every  stop  thus  avoided 
means  a  further  reduction  of  incidental  delays. 

Another  great  advantage  of  the  electric  locomotive  on  a  mountain  grade  is  its 
ability  to  hold  the  train  in  descending  a  grade  at  a  steady  speed  by  using  the  motors 
on  the  locomotives  as  generators,  thus  generating  electric  power,  which  is  returned  to 
the  line  and  used  to  help  some  other  train  up  the  hill  or  otherwise  to  relieve  the  power 
house.  This  system  is  known  as  regeneration  or  recuperation  of  energy.  Its  value 
consists  not  so  much  in  the  amount  of  energy  thus  saved  as  in  the  greater  safety  with 
which  the  trains  may  descend  the  grades,  as  air  brakes,  which  have  to  be  used  all  the 
way  down  a  grade  with  steam  locomotives,  are  used  only  to  stop  the  electric  trains  or 
in  case  of  an  emergency.  Continual  use  of  brakes  on  a  long  grade  causes  excessive 
heating  and 'rapid  deterioration  of  brake  rigging  and  of  wheel  tires.  It  is  the  cause 
of  frequent  delays  and  wrecks,  due  to  broken  brake  rigging,  couplings,  loosened  loco- 
motive tires,  etc.  Regenerative  control  permits  a  much  higher  speed  on  down  grades, 
which  still  further  increases  the  average  speed. 

It  will  be  seen  that  there  will  be  less  interference  with  traffic  in  every  way,  and  the 
service  will  be  much  more  reliable.  An  electrified  mountain  grade,  like  an  electri- 
fied  tunnel,  can  no  longer  be  considered  the  "neck  of  the  bottle  "  on  a  railway. 

The  foregoing  is  abundantly  borne  out  by  the  experience  of  the  Norfolk  St  Western 
Railway,  which  has  in  the  past  year  begun  operation  with  electric  locomotives  on  tlieir 
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Elkhom  grade  diviaion,  covering  a  distance  of  about  35  route  miles  of  two  or  more 
tracks  on  maTimum  grades  of  2  per  cent  against  the  load  and  2.6  p^  cent  with  the  load . 
This  load  has  a  very  heavy  traffic,  chiefly  ot  coal,  which  (originates  largely  in  that  dis- 
trict. It  was  fonnerly  so  heavy  that  they  were  scarcely  able  to  handle  it,  even  though 
they  had  some  of  the  best  and  most  powerfid  of  steam  locomotives.  Trains  weighing 
3,250  tons  with  three  huge  mallet  compound  steam  locomotives  with  mechanical 
stokers  and  superheaters  could  haul  this  train  up  the  2  per  cent  grade  at  a  speed  ci 
only  7  or  8  miles  per  hour,  while  two  electric  locomotives,  one  pulling  and  the  other 
pushing,  take  the  same  train  up  this  grade  at  14  miles  per  hour.  On  light  giadee 
one  electric  is  able  to  haid  the  entire  train  at  a  speed  of  28  miles  per  hour. 

Several  other  lines,  notably  the  Spokane  <&  Inland  Empire  Railway  and  the  Butte, 
Anaconda  &  Pacific,  are  handling  lighter  traffic  on  generally  lighter  grades. 

4.  The  last  two  named  railways  and  the  Chicago,  Milwaukee  <&  St.  Paul,  which  is 
now  starting  operation  on  the  first  section  of  the  440-mile  electrification,  are  in  the 
mounUkins  of  Montana,  Idaho,  and  Washington,  where  coal  is  quite  expensive,  steam 
locomotives  are  expensive  to  maintain,  and  where  there  is  an  abimdance  of  water 
power.  There  are  also  heavy  grades  over  the  mountains,  which  limit  the  speed 
of  the  trains.  The  Spokane  &  Inland  Railway  was  electrified  when  built,  and  has 
operated  very  successfully  the  past  eight  years.  It  is  a  single-track  railway  about 
120  miles  in  length.  The  Butte,  Anaconda  &  Pacific  has  been  in  very  satis^tory 
operation  for  about  one  or  two  .years  on  about  33  miles  ot  line  with  a  fairly  heavy 
mineral  traffic.  The  operation  of  these  two  lines  was  so  successful  that  the  Chicago, 
Milwaukee  &  St.  Paul  were  impelled  to  undertake  the  large  electrification  mentioned, 
on  which  the  decreased  cost  of  power,  lower  cost  ot  maintenance,  and  other  incidental 
advantages  are  expected  to  be  sufficient  to  pay  a  profit  on  the  investment. 

In  cases  where  fuel  is  very  expensive  it  should  be  noted  in  this  connection  that 
electrical  operation  will  require  only  about  one-half  as  much  fuel  as  will  be  needed 
for  steam  locomotives  to  perform  the  same  service.  This  is  due  to  the  great  increase 
in  the  efficiency  of  the  central  station  and  the  electric  locomotive. 

5.  The  New  York,  New  Haven  &  Harttord  Railway  is  the  only  one  in  this  coun- 
try which  has  extended  its  electrical  operation  to  include  all  classes  of  service,  and 
is  the  only  example  of  extensive  electrification  for  handling  a  trunk-line  railway 
with  very  heavy  passenger  and  freight  traffic.  The  high-speed  passenger  locomotives 
operate  regularly  at  60  to  75  miles  per  hour,  heavy  passenger  and  express  trains  at 
45  to  60  miles  per  hour,  and  freight  trains  at  30  to  45  miles  per  hour.  Switching  in 
the  huge  classification  yards  is  done  by  electric  switchers,  which  are  able  to  operate 
continuously  for  days  at  a  time,  thus  doing  the  same  work  as  two  or  three  times  as 
many  steam  engines.  Multiple-unit  trains  are  also  used  for  handling  suburban  serv- 
ice on  this  and  the  New  York,  Westchester  &  Boston,  which  is  a  subsidiary  line. 
There  is  no  doubt  that  electrical  operation  gives  a  higher  class  of  service,  and  the 
many  advantages  on  this  line  are  covered  in  various  papers. 

6.  The  electrification  of  the  Grand  Central  Station  and  Terminal  at  New  York  was 
forced,  as  before  stated,  by  legislative  enactment  on  accoimt  of  an  accident  in  the 
tunnel.  Other  cities  have  since  talked  of  forcing  railways  to  electrify  their  terminals 
in  a  similar  manner,  but  thus  far  none  ot  them  has  required  it,  and  it  is  to  be  hoped 
that  it  will  not  be  done.  The  electrification  of  the  steam  railwa3rs  in  a  large  city 
means  so  much  more  than  the  mere  change  of  motive  power  in  order  to  secure  the 
possible  advantages  from  it  that  it  should  not  be  undertaken  hastily  or  ill-advisedly. 
The  cost  under  such  conditions  might  well  require  either  confiscation  of  railway 
property  or  increased  passenger  and  freight  rates  in  order  to  pay  the  interest  on  the 
investment.  It  should  be  a  recognized  principle  that  railways  should  not  be  forced 
to  electrify  their  lines  until  they  can  see  their  way  clear  to  justify  the  expense.  When 
that  time  comes,  few  of  them  will  wait  to  be  forced. 
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Hoosac  Tuimel,  east  portal.    U,000-volt  single-phaso  system  is  used  on  this  electrification.    Approxi- 
mately 52,000  freight  cars  are  handled  through  this  tunnel  per  month. 
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The  work  that  has  already  been  accomplished,  and  the  results  of  existing  electrifica- 
tions prove  beyond  question  that  any  class  ol  service  can  be  handled  at  least  as  well 
by  electricity  as  by  steam.  They  further  show  that  in  several  classes  of  service 
electricity  can  handle  a  traffic  far  better  than  steam.  That  statement  means  a  great 
deal  more  than  it  did  20  years  ago,  since  the  steam  locomotive  is  an  entirely  different 
machine  now  from  what  it  was  then. 

Few  people  realize  what  tremendous  improvements  have  been  made  in  the  steam 
locomotive  since  the  electric  motor  has  been  applied  to  railway  work.  Twenty-five 
years  ago  the  American  type  locomotive  was  the  standard  for  passenger  service.  It 
could  develop  scarcely  1,000  horsepower  for  any  length  ol  time.  After  that  came  the 
Atlantic  type,  with  the  same  number  of  driving  wheels  but  with  greatly  increased  boiler 
capacity  and  heavier  weights  on  driving  wheels.  Finally,  superheaters  and  mechan 
ical  stokers  were  added  to  this  locomotive,  which  is  now  able  to  develop  2,000  horse- 
power for  an  hour  at  a  time  at  high  speeds.  There  is  also  at  the  present  time  the 
Pacific  type  locomotive  with  three  driving  axles  instead  of  two,  with  the  same  heavy 
weight  of  60,000  to  70,000  pounds  per  driving  axle,  still  larger  boiler  and  all  other  im- 
provements, that  is  able  to  develop  3,000  horsepower  at  70  miles  per  hour.  The 
efficiency  of  the  locomotive  has  been  greatly  increased  also,  but  the  cost  of  mainte- 
nance is  still  high,  the  mileage  without  rest  is  still  small;  it  still  gives  off  smoke  and 
cinders  and  its  capacity  is  still  far  less  than  can  be  concentrated  in  an  electric  loco- 
motive at  one  end  of  a  train  and  operated  by  one  crew.  It  has  taken  more  than  80 
years  to  bring  the  steam  locomotive  to  its  present  high  state  of  perfection,  where  it 
is  indeed  a  machine  to  be  greatly  admired.  There  is  all  the  more  reason  for  con- 
gratulation in  the  fact  that  the  electric  locomotive  in  one-fourth  of  the  time  has  been 
able  to  do  so  much  more. 

The  problem  of  electrification  of  railways  covers  a  great  deal  more  than  the  loco- 
motives. The  features  that  are  independent  of  the  motive  power  have  already  been 
touched  on  under  terminal  electrification.  The  problems  connected  with  the  motive 
power  alone  are  numerous  and  greatly  diversified.  The  steam  locomotive  is  an 
independent  unit,  which,  so  long  as  it  has  a  supply  of  coal  and  water  onboard,  can 
operate  over  any  track.  The  electric  locomotive  by  itself  can  do  nothing.  There 
must  be  a  power  house  with  huge  steam  or  water-driven  generators,  raising  trans- 
formers, transmission  line,  substations  and  trolley  or  third  rail,  all  between  the  fuel 
and  the  locomotive 

A  few  years  ago  every  large  user  of  power  had  to  build  his  own  power  house  and 
everything  from  power  house  to  locomotive,  and  every  railway  required  a  full  corps 
of  engineers  capable  of  handling  anything  from  the  boiler  plant  to  the  transmission 
line  and  substations.  Now,  however,  a  great  change  has  taken  place.  Huge  central 
stations  are  growing  up,  in  some  places  with  great  water  powers  as  at  Niagara  Falls 
and  in  the  western  mountains,  but  more  often  with  steam  turbines  driving  generators 
of  enormous  capacities,  which  have  steam  consumptions  undreamed  of  20  years  ago. 
The  economies  introduced  by  these  large  stations  due  to  high  efficiencies  and  im- 
proved load  factors,  are  so  great  that  the  small  power  stations  are  rapidly  becoming  a 
thing  of  the  past,  since  power  can  be  sold  to  the  consumers  at  a  price  so  low  that  they 
can  not  afford  to  operate  their  power  plants,  even  when  they  are  already  installed. 
In  this  way  the  consumer  is  relieved  of  all  responsibility  for  power  house  and  tran^ 
mission  line.  In  many  cases  the  substations  are  also  supplied  by  the  power  company. 
This  relieves  the  railways  of  a  great  financial  burden  due  to  the  first  cost  of  the  power 
system,  and  it  also  usually  gives  them  power  for  less  than  they  could  generate  it  them- 
selves. It  is  confidently  expected  that  as  the  central  stations  extend  their  radius 
of  operation,  it  will  be  a  great  stimulus  to  electrification,  since  the  first  cost  of  the 
installation  has  been  the  chief  drawback. 

One  of  the  things  that  has  been  both  an  advantage  and  a  disadvantage,  a  help  and 
a  hindrance  in  the  electrification  of  steam  railways,  has  been  the  fact  that  there  have 
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been  several  systems,  each  with  many  variations,  all  of  which  are  rivals  for  the  great 
work  of  displacing  the  steam  locomotive.  This  has  been  a  great  advantage,  due  to 
the  fact  that  the  competition  between  them  has  served  to  stimulate  the  advocates 
of  each  system  to  exert  the  maximum  effort  to  get  the  best  results  from  it.  The 
disadvantage  has  arisen  from  the  fact  that  neither  has  had  sufficient  superiority  over 
the  other  at  any  time  to  win  a  decisive  battle,  consequently,  the  railways  which 
hope  to  adopt  the  beet  system  have  felt  inclined  to  delay  electrification  until  the 
question  of  superiority  can  be  decided.  At  the  present  time,  however,  there  is 
much  less  talk,  and  both  sides  are  now  endeavoring  to  show  by  results  rather  than 
by  words  which  is  the  superior. 

There  have  actually  been  three  competitors,  although  in  America  only  two  have 
really  been  active.  They  are  (1)  direct  current,  (2)  single  phase  alternating  current, 
(3)  three  phase  alternating  current. 

The  last  is  used  in  only  one,  a  small  installation  in  America,  in  one  or  two  in  Swit- 
zerland, but  is  used  quite  extensively  in  Italy,  where  it  is  adopted  by  the  Italian  State 
railv^ys  as  their  standard.    Its  characteristic  features  are  that  it  requires  two  ov^- 
head  trolley  wires  and  uses  the  constant  speed  induction  motors  for  driving  locomotives 
which  are  used  almost  exclusively  for  handling  the  traffic.    The  locomotives  usuallj 
have  two  constant  speed9«ecured  either  by  double  windings  on  the  motors  or  by  con- 
necting the  motors  first,  in  cascade  for  half  speed,  second,  in  parallel  for  full  speed. 
The  Italian  locomotives  operate  with  3,000  volts  on  the  trolley  and  apply  this  voltage 
directly  to  the  motors,  so  that  no  transformers  are  necessary  on  the  locomotive.    The 
locomotive  is,  therefore,  comparatively  simple  and  has  a  minimum  weight  and 
maximum  efficiency.    This  type  of  locomotive  also  has  the  characteristic  of  main- 
taining constant  speed  regardless  of  whether  it  is  going  up  hill  or  down,  there  being 
only  the  difference  that  in  going  up  hill  it  takes  power  from  the  line,  while  in  descend- 
ing a  hill  it  automatically  regenerates  power  which  is  returned  to  the  line.    The  chief 
reason  that  has  prevented  the  use  of  3-phase  locomotives  in  this  country  lies  in  the 
double  overhead  trolley  system.    American  railway  men  are  hard  enough  to  convince 
of  the  advantages  of  electrification  where  only  one  overhead  wire  is  used,  and  will 
not  consider  the  double  trolley  at  all  on  account  of  the  complicated  construction  in 
yards  and  crossovers.    It  would  be  impossible  also  to  gain  the  advantage  of  simplicity 
in  this  country  which  the  Italian  locomotives  possess,  because  the  service  is  so  much 
heavier  that  higher  voltages  must  be  used  than  it  would  be  desirable  to  place  on  the 
motors,  and,  consequently,  it  would  be  necessary  to  have  transformers  on  the  loco- 
motives. 

The  direct  or  continuous  current  system  is  the  one  that  is  universally  used  for  street 
railways  as  well  as  all  elevated  and  underground  railways  in  large  cities  and  for  most 
of  the  interurban  railways.  It  is  also  used  for  most  of  the  heavy  terminal  electrifica- 
tions, as  well  as  some  trunk  lines.  The  most  common  potential  used  is  550  to  650 
volts,  which  is  used  for  all  classes  of  work  in  cities.  For  the  heavy  work  it  is  used 
exclusively  with  the  third  rail,  as  the  contact  conductor  is  called,  when  it  is  in  the 
form  of  an  insulated  steel  rail  laid  parallel  to  the  running  rail  slightly  above  it  on  the 
outside.  The  third  rail  is  necessary  for  heavy  work  with  this  low  voltage,  as  a  low 
voltage  means  a  correspondingly  high  current  and  a  high  current  requires  a  large 
conductor,  both  to  carry  the  current  without  heating  and  to  limit  the  loss. 

For  many  years  650  volts  was  about  the  maximum  that  was  or  could  be  used  on 
direct-current  railways,  because  the  design  and  construction  of  motors  and  control 
apparatus  had  not  progressed  far  enough  to  make  higher  voltages  possible.  To  this 
fact  is  due  the  slow  progress,  or  rather  the  lack  of  progress,  that  was  made  in  the 
electrification  of  railways  up  to  10  years  ago.  The  low  voltage  requires  such  heavy 
conductors  and  so  many  substations  that  the  cost  is  prohibitive  except  for  short  lines 
with  trains  of  sufficient  frequency  to  maintain  a  good  load  factor  on  the  line  and 
substations.    In  the  last  10  years,  however,  the  design  of  direct-current  moton  has 
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been  greatly  improyed.  The  commutation  had  been  eliminated  from  the  trouble- 
some  questions  of  design  by  the  use  of  the  commutating  pole  and  the  insulation  has 
been  improved  so  that  it  is  no  longer  the  limit  to  the  voltage;  consequently,  the 
trolley  voltage  has  been  pushed  up  by  successive  steps  to  1,200,  1,500,  2,400,  3,000, 
and  now  even  5,000  volts  is  in  use  in  regular  service  on  a  single  car  on  the  Michigan 
United  Traction  Railway  at  Jackson,  Mich.  With  these  higher  voltages  it  is  cus- 
tomary to  use  the  overhead  trolley,  but  there  are  a  few  cases  where  1,200-volt  current 
is  used  on  the  third  rail  and  one  case  where  even  2,400  volts  is  so  used. 

The  range  of  voltage  between  3,000  and  5,000  puts  the  direct-current  system  in  the 
heavy  trunk  line  class,  as  with  these  high  voltages  the  current  becomes  so  small  even 
with  heavy  locomotives  that  it  can  easily  be  collected  from  an  overhead  wire  and  the 
loss  is  so  low  that  the  substations  can  be  placed  25  to  50  miles  apart.  Thus  the  cost 
of  conductors  and  substations  becomes  of  relatively  small  importance  and  electrifica- 
tion with  direct  current  becomes  economically  possible  for  many  long  lines.  Only 
one  installation  has  been  made  of  3,000  volts  direct  current  and  this  is  on  the  Chicago, 
Milwaukee  &  St.  Paul  Railway,  which  has  just  been  started  in  operation.  While  it 
is  undoubtedly  possible  to  operate  heavy  trains  at  thiB  voltage,  it  would  be  more 
preferable  to  have  a  higher  voltage  if  it  can  be  secured  with  safety.  The  operation 
of  the  5,000- volt  equipment  above  mentioned  indicates  that  this  voltage  may  be  quite 
satisfactory  for  both  multiple  unit  cars  and  locomotives,  as  it  has  operated  over  14,000 
miles  without  a  breakdown  in  the  insulation  or  any  other  troubles  due  to  the  high 
voltage.  It  is  to  be  hoped  that  a  standard  may  be  arrived  at  in  the  near  future  so  as 
to  avoid  the  large  number  of  milestones  which  mark  the  progress  of  the  direct-current 
system  in  its  application  to  heavy  railway  work. 

The  advantage  of  the  direct-current  system  lies  largely  in  the  characteristics  of  the 
series  motor,  which  is  universally  used.  Mechanically  it  is  simple,  rugged,  and  com- 
paratively inexpensive.  Electrically  it  has  speed  and  tractive  effort  characteristics 
that  are  especially  well  suited  to  the  work  of  rapidly  accelerating  heavy  trains  with 
minimum  power  consumption,  as  well  as  of  operating  them  at  full  speed  afterwards. 
The  steep-speed  characteristics  give  an  automatic  di\'i8ion  of  load  among  all  the 
motors  in  a  train,  even  with  the  maximum  variations  in  wheel  diameter.  The  eflS- 
ciency  of  the  motor  is  high  and  its  reliability  and  "fool-proof"  characteristics  make  it 
the  most  popular  of  all  tyx)es  of  railway  motors. 

The  series  motor  is  not  well  adapted  in  itself  for  regenerating  energy  in  descending 
grades  or  in  stopping  trains,  so  that  this  has  for  many  years  remained  almost  an  undis- 
puted advantage  of  the  3-phase  induction  motor  system.  Recently,  however,  e 
method  has  been  perfected  by  which  all  the  advantages  of  the  series  motor  are  main- 
tained and  regeneration  is  also  secured,  so  that  now  the  direct-current  series  motor 
maybe  used  for  automatically  regenerating  the  stored  energy  of  a  train  in  stopping  it 
as  well  as  for  saving  the  energy  developed  by  a  train  in  descending  grades. 

It  is  now  almost  universal  practice  to  generate  power  in  the  form  of  alternating 
current  at  the  power  station  on  account  of  the  flexibility  of  this  system  for  raising 
and  lowering  the  voltage.  Three-phase  alternating  current  is  delivered  to  the  sub- 
stations for  a  direct-current  railway  and  is  there  changed  to  direct  current  by  means 
of  motor-generator  sets  or  rotary  converters.  The  former  are  usually  used  for  high- 
voltage  lines  where  high-frequency  alternating  current  is  supplied.  The  latter  are 
used  more  often  where  low- voltage  and  low-frequency  currents  are  employed.  The 
substation  with  this  moving  machinery  has  been  one  of  the  great  objections  to  the 
direct-current  system  in  the  past  and  is  one  of  the  points  that  is  to  be  overcome  by 
the  use  of  higher  voltages  on  the  trolley,  which  permit  a  greater  distance  between 
substations,  and  consequently  gives  a  better  load  factor  and  requires  fewer  attendants. 

The  single-phase  system  was  first  proposed  in  a  paper  before  the  American  Institute 
of  Electrical  Engineers  at  New  York  in  September,  1902,  in  which  was  outlined  a 
plan  for  using  a  high-voltage  single-phase  current  on  an  overhead  trolley  wire,  trans* 
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fonner  substations  without  attendants,  a  transformer  on  each  car  or  locomotive  hy 
which  to  lower  the  voltage  to  that  required  for  use  with  a  compensated  smee  alter- 
nating-current motor.  Immediately  afterwards  electrical  manufactures  in  £hux^>e 
and  America  started  to  develop  single-phase  commutator-type  motors  and  soon  a 
considerable  variety  of  them  was  placed  on  the  market.  The  advantage  of  the  single- 
phase  system  centers  in  the  high  voltage  which  can  be  used  on  the  trolley,  while  at 
the  same  time  using  ordinary  voltages  on  the  motor  and  control  equipment  in  the 
car  or  locomotive.  The  high-voltage  alternating  current  reduces  the  coet  of  the 
overhead  conductor  and  feeder  system  to  a  minimum  and  enables  the  railway  to  use 
substations  without  attendants.  The  most  notable  examples  of  the  single-phaae 
electrification  are  the  New  York,  New  Haven  &  Hartford  Railroad,  the  New  York, 
Westchester  &  Boston,  the  Hoosac  Tunnel,  St.  Clair  Tunnel,  Spokane  &  Inland 
Railway,  the  Philadelphia-Paoli  electrification  of  the  Pennsylvania  Railroad,  and 
the  Norfolk  &  Western  Railway  on  its  Elkhom  grade  division.  Eleven  thousand 
volts  is  the  potential  that  has  been  used  by  all  railways  in  this  country  that  have 
adopted  this  system  in  the  last  eight  years;  25  cycles  is  the  frequency  used  in  this 
country.  It  is  possible  that  still  higher  voltages  may  be  used,  in  which  event  the 
line  losses  would  be  further  decreased. 

The  single-phase  system  with  12,000  to  16,000  volts  and  15  to  16}  cycles  has  been 
adopted  quite  extensively  in  Europe,  especially  in  Germany  and  Switzerland,  where 
it  has  been  tentatively  adopted  as  standard. 

The  commutator-type  motor  has  been  used  on  all  installations  of  single-phase 
equipments  with  the  exception  of  the  Norfolk  <&  Western,  which  has  adopted  what 
is  known  as  the  split-phase  locomotive.  This  locomotive  takes  single-phase  current 
and  by  means  of  a  phase  converter,  which  is  a  single-phase  induction  motor  of  half 
the  total  capacity  of  the  main  motors  on  the  locomotive,  is  able  to  supply  3-phaae 
current  for  the  main  motors,  so  that  the  latter  are  simply  standard  3-phase  induc- 
tion motors  with  all  of  the  characteristics  pertaining  to  that  type  of  motor.  The 
Norfolk  &  Western  locomotive  has  two  speeds,  as  before  noted,  namely,  14  and  2S 
miles  per  hour.  It  automatically  regenerates  power  just  like  a  3-phase  locomotive 
in  descending  grades  and  maintains  practically  the  same  speed  on  level  track. 

The  single-phase  system  thus  permits  the  use  of  locomotives  with  either  series 
characteristics  or  with  the  induction-motor  characteristics. 

One  of  the  greatest  problems  connected  with  the  electric  locomotive  is  purely 
mechanical.  It  is  the  problem  of  transmission  system  between  the  motors  and  the 
driving  wheels.  The  use  of  ordinary  spur  gearing  for  gearing  the  motors  directly  to 
the  axle  is  quite  satisfactory  for  street  car  or  even  the  heavier  multiple  unit  car  service. 
It  is  also  used  to  some  extent  on  laige  locomotives  but  it  has  the  disadvantage  of 
placing  a  hea\^  nonspring  supported  weight  directly  on  the  driving  axles  which, 
especially  if  used  for  high-speed  work,  causes  a  rapid  deterioration  of  the  roadbed. 
Many  different  schemes  have  been  proposed  and  used  for  avoiding  these  difficulties, 
with  more  or  less  success  and  complication  in  each  case.  For  high-speed  locomotives 
it  is  a  favorite  practice  to  connect  the  motors  to  the  driving  axles  so  that  they  operate 
at  the  same  speed.  This  can  be  done  either  by  the  method  of  mounting  the  motor 
armature  directly  on  the  axle,  as  is  done  on  the  New  York  Central  direct-cinrrent  loco- 
motives, or  mounting  the  entire  motor  on  a  hollow  shaft  surrounding  the  axle,  as  is 
done  on  the  New  Haven  passenger  locomotives  of  the  single-phase  type  for  high- 
speed service,  or  by  mounting  the  motor  up  in  the  cab  and  connecting  it  to  the  drive 
wheels  through  a  system  of  parallel  rods  and  a  jack  shaft,  as  is  done  on  the  Pennsyl- 
vania locomotives  for  the  New  York  Terminal.  Other  variations  of  these  schemes  are 
found  in  gearing  motors  to  hollow  shafts  siurounding  the  driving  axle,  which  are 
connected  thereto  by  long  flexible  springs,  as  found  on  the  New  Haven  freight  loco- 
motive; also  the  combination  of  gears  and  side  rods,  such  as  is  used  on  the  Norfolk  & 
Western  locomotive.    These  both  have  the  advantage  of  canning  all  motor  weight 
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above  the  springs,  so  that  the  dead  weight  carried  by  the  drivewheels  is  reduced  to  a 
minimum.  Other  variations  are  found  in  Europe,  where  the  so-called  "Scotch  yoke*' 
is  used  on  the  S-phase  locomotives  of  the  Italian  State  railways  and  various  forms  of 
parallel  rods  are  used  for  connecting  motors  to  drive  wheels  in  Switzerland  and 
Oermany. 

When  the  electric  locomotives  were  first  proposed,  it  was  the  general  idea  that  it 
would  be  extremely  simple  to  connect  the  driving  wheels  with  the  motors,  since  the 
motors  generate  tiieir  power  by  rotation.  It  was  also  thought  that  the  low  "center  of 
gravity"  of  the  electric  locomotive  would  make  it  ride  very  much  better  and  safer 
on  the  track  at  high  speeds.  These  ideas,  like  many  others  held  a  few  years  ago,  have 
been  rudely  jolted,  and  it  is  now  recognized  that  liie  high  center  of  gravity  of  the  steam 
locomotive  is  one  of  its  virtues  which  should  be  copied  as  far  as  possible  in  the  design 
of  electric  locomotives.  Also  that  the  connection  between  the  motor  and  the  drive 
wheels  is  one  of  the  most  vexatious  problems  of  the  locomotive.  However,  it  is  com- 
forting to  know  that  it  is  quite  possible  at  this  time  to  undertake  the  electrification  of 
a  large  system,  to  analyze  the  work  to  be  done,  to  design  the  locomotives  and  other 
equipment  necessary  and  to  foretell  the  performance  and  the  costs,  not  only  of  the 
installation  but  of  operation,  with  a  d^^ee  of  accuracy  that  is  unexcelled  in  any  other 
line  of  engineering  work.  There  are  experts  for  every  branch  of  the  work  from  power 
house  to  locomotive  and  with  the  efforts  of  these  men  properly  coordinated,  remark- 
ably successful  results  can  be  assured. 

The  Chairman.  Is  there  any  discussion  of  Mr.  Storer's  paper? 
In  passing  to  the  next  three  papers,  as  they  are  all  on  approximately 
the  same  subject,  namely,  radiocommunication,  I  suggest  that  the 
papers  be  presented  one  after  another  and  that  no  intermediate  dis- 
cussion be  had,  and  that  the  three  papers  be  combined,  as  far  as  the 
discussion  is  concerned.  If  there  is  no  objection,  we  will  proceed  on 
that  basis. 

The  papers,  in  their  order,  are: 

Radiotelegraphy  in  Uruguay,  by  Bernardo  Kayel. 

Proyecto  de  Convenci6n  Radiotelegr&fica  Panamericana,  by 
Juan  A.  Martin  and  Emilio  E.  Dagassan. 

Physical  aspects  of  radiotelegraphy,  by  John  L.  Hogan,  jr. 

Postcs  telegrfi,ficos,  by  Guillermo  Destruge. 


LA  RADIOTELEGRAFIA  EN  EL  URUGUAY. 

Por  BERNARDO  KAYEL, 
Profesor  de  la  Facultad  de  Matemdticaa  de  Montevideo t  Uruguay. 

ANTECBDENTBS. 

Las  primeras  instalaciones  radiotelegr&ficas  que  se  hicieron  en  el  Uruguay  fueron 
dos  estaciones  pertenecientes  a  compafLlas  particulares;  una  se  abri6  al  servicio  pd- 
l)lico  en  el  Cerro,  pr6xima  a  Montevideo,  sobre  la  costa  del  Rio  de  la  Plata  y  pertenecla 
a  la  CompafLfa  Telefunken  de  Berlin;  era  una  estaci6n  de  1  kilo^atio  de  potencia 
oscilatoria  en  la  antena  y  empleaba  los  dlspositivos  antiguos  del  sistema  Telefunken 
de  chispas  lentas.    Esta  estaci6n  fu6  puesta  al  servicio  pfiblico  en  1905. 

La  otra  estaci6n  particular  era  la  de  Punta  del  Este  que  se  abri6  al  servicio  ptiblico 
en  el  afio  1909  y  pertenecla  a  la  Compafila  Marconi  del  Rio  de  la  Plata;  el  poder  de 
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esta  e8taci6n  en  bu  principio  era  de  I  kilo^  atio  de  potencia  oecilatoiia  en  la  antena  y 
de  cMspas  lentas;  m^  tarde  el  poder  de  la  estaci6n  fu^  aumentado  a  2.50  kilovatioB 
de  potencia  oecilatoria  en  la  antena  montdndose  un  interruptor  de  diaco  giiatorio. 

Loe  permisos  de  funcionamiento  de  eetas  estacionee  eran  pzecarioB;  habidndoae 
establecido  claramente  al  concederloB  que  en  el  memento  en  que  el  Gobiemo  del 
Uruguay  lo  juzgara  conveniente,  cesarlan  de  funcionar  y  levantarlan  todos  Iob  aparatoa 
e  instalaciones — como  sucedi6— sin  derecho  a  indemnizaci6n  de  especie  alguna. 

El  Uruguay  se  adhiri6  a  la  primera  conferencia  radiotelegr&fica  que  tu\o  lugar  en 
Berlin  en  noviembre  de  1906  habi^ndoee  hecho  representar  alll  por  un  delegado. 

£n  enero  de  1908  el  Gobiemo  del  Uruguay  comiaiond  a  su  delegado  ante  la  conferencia 
telegrifica  de  Lisboa,  Ingeniero  B.  Kayel,  para  que  estudiaia  en  Europa  loe  sutemas 
radiotelegr&ficos  en  uso,  y  formulara  un  proyecto  de  instalacionee  en  el  Uruguay  de 
acuerdo  con  las  necesidades  y  conveniencias  del  pals. 

El  Ingeniero  B.  Eayel  presents  en  diciembre  de  1908  un  proyecto  y  conclusiones  al 
respecto;  habiendo  en  junio  de  1910  el  Crobiemo  del  Uruguay,  resuelto  aceptar  el  plan 
de  dicho  ingeniero  y  en  consecuenda  hacer  las  adquisiciones  de  aparatos  a  la  Compaftia 
Telefunken  de  Berlin. 

Esas  estaciones  eran  las  siguientes  con  los  respectivos  alcances  garantisados: 

Una  de  800  kil6metroe,  dos  de  500  kil6metros,  una  de  400  kil6metro6,  doe  de  100 
kil6metroB,  cinco  de  200  kil6metro6  (p(»rtdtilee),  cuatro  de  60  kil6metroB  (portitiles) 
y  dos  de  100  kil6metroB  (para  faros). 

Se  resohi6  adem&s  que  el  Ingeniero  B.  Kayel  se  trasladara  a  Europa  con  el  objeto 
de  vigUar  en  fdbrica  la  construcci6n  de  los  aparatos  contratadoe. 

En  agosto  de  1910  quedaron  instaladas  y  probadas  las  instalaciones  m6a  impcnrtantes. 

En  diciembre  de  1910  se  compraron  a  la  Telefunken  m£s  estacionee:  tree  de  200 
kil6metros  (portdtiles),  una  de  400  kil6metroe  para  buque,  y  otra  de  100  kU6metroe 
para  el  mismo  objeto. 

En  septiembre  de  1911  se  organiz6  la  Inspecci6n  General  de  Telegraffa  sin  hilos  cuyo 
decreto  org&nico  es  el  siguiente: 

Ministerio  de  Guerra  y  Marina,  Montevideo,  septiembre  5  de  1911,  No.  3072.  £1 
Gobiemo  con  esta  fecha  ha  resuelto  aprobar  la  siguiente  reglamentaci6n  paia  la  Inspec- 
ci6n  General  de  Telegraffa  sin  hilos: 

1.  La  Inspecci6n  General  de  los  Servicios  Nacionales  de  Telegraffa  sin  hilos  depende 
directamente  del  Ministerio  de  Guerra  y  Marina  y  tiene  por  jefe  al  inspector  general 
t^nico. 

2.  La  Inspecci6n  General  de  los  Servicios  Nacionales  de  Telegraffa  sin  hilos  tiene 
a  su  cargo  y  control  todas  las  estaciones  radiotelegr^cas  nacionales  ya  sean  fijas, 
militares  portdtiles,  de  abordo  o  de  faros;  con  personal,  aparatos  e  insttdaciones. 

3.  El  inspector  general  efectuari  en  las  ^pocas  y  circunstandas  que  crea  oportunas 
las  visitas  de  inspecci6n  a  las  estaciones  para  comprobar  por  si  mismo  sus  necesidadee; 
y  ejerce  con  respecto  al  personal  militar  y  civil  las  mismas  atribuciones  que  un  jefe 
de  cuerpo. 

4.  En  el  case  de  maniobras  el  inspector  general  designar^  las  estaciones  de  campafia 
que  deberdn  concurrir,  de  acuerdo  con  las  necesidades  que  le  sean  indicadas. 

5.  Es  atribucidn  de  la  in8pecci6n  general  de  los  Servicios  Nacionales  de  Telegraffa 
sin  hilos  el  proponer  a  la  superioridad  la  creaci6n  de  nuevas  estaciones  e  informar 
respecto  a  la  adquisici6n  de  las  mismas. 

6.  Estd  bajo  el  control  del  inspector  general  lo  recaudado  por  concepto  de  telegramas 
por  las  estaciones,  lo  que  serd  depositado  en  el  Banco  de  la  Repdblica  a  la  orden  del 
Ministerio  de  Guerra  y  Marina. 

7.  La  Inspeccidn  General  de  los  Servicios  Nacionales  de  Telegraffa  sin  hilos,  a  los 
efectos  del  ser\icio  ptiblico  celebrard  acuerdos  con  la  Direcci6n  (jeneral  de  Correos 
y  Tel^grafos  y  CompafLlas  Marftimas,  los  cuales  serin  sometidos  a  la  aprobaci6n  del 
Ministerio  de  Guerra  y  Marina;  asf  como  tambi^n  estd  facultada  para  proyectar  convenios 
radiotelegrdficos  con  las  administraciones  de  los  paises  a  ecinos  con  el  fin  de  mejorar  y 
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ampliar  loe  ser  Jcios  de  telegrafla  sin  hilos  intemacionales,  todo  lo  cual  serd  cometido 
a  la  superior  aprol:aci6n.  • 

8.  El  Ministerio  de  Guerra  y  Marina  comunicard  a  la  Oficina  Inter nacional  en  Berna 
la  creacidn  de  la  Inspeccidn  General  de  los  Servicios  Nacionales  de  Telegraffa  sin  hilos, 
para  que  en  lo  8ucesi\  o  se  entienda  con  ella  en  todo  cuanto  a  radiotel^rafia  se  refiera 
en  el  Uruguay. 

9.  El  inspector  general  informard  trimestralmente  al  Ministerio  de  Guerra  y  Marina 
sobre  el  estado  general  y  funcionamiento  del  8er\'icio  a  su  caigo  y  anualmente  con- 
feccionard  la  memoria  de  la  repartici6n  a  su  cargo. 

10.  El  inspector  general  presentard,  a  la  bre\edad  posible,  a  la  aprobaci6n  del 
Ministerio  de  Guerra  y  Marina  el  proyecto  de  reglamento  general  del  ser\  icio,  con  los 
deberes  y  obligaciones  del  personal,  penas  por  faltas  en  el  servicio,  etc.,  asl  como 
tambi^u  la  claeiflcacidn  y  nomenclatura  de  las  estaciones,  foUetos  de  in6trucci6n  del 
manejo  de  las  mismas,  etc. 

En  noviembre  de  1911  el  Gobiemo  del  Uruguay  orden6  el  desmonte  de  las  doe 
estaciones  particulares  existentes  en  el  pais  que  hacian  el  servicio  ptiblico:  la  de  la 
Oompailfa  Marconi,  de  Punta  del  Este,  y  la  de  la  Telefunken,  la  del  Cerro  de  Monte- 
video. Had^ndoee  cargo  el  Estado  con  bus  estaciones,  con  la  del  Gerrito  espe- 
cialmente,  del  servicio  ptiblico,  bastante  intenso  principalmente  con  los  numerosos 
buques  que  frecuentan  los  importantes  puertos  del  Rio  de  la  Plata. 

El  Uruguay  se  adhirid  a  la  convenci6n  radiotelegrdfica  intemacional  celebrada  en 
Londres  en  1912. 

Con  fines  de  seguridad  para  la  navegaci6n  el  Uruguay  en  el  afio  1912  establecid  las 
disposiciones  contenidas  en  el  siguiente  decreto: 

Ministerio  de  Guerra  y  Marina,  Montevideo,  enero  8  de  1912. 

Considerando  que  la  telegraffa  sin  hilos  representa  para  la  navegaci6n,  no  solamente 
un  servicio  de  utilidad,  sino  principalmente  un  medio  de  previsi6n  y  de  auxilio  de 
gran  importancia  en  los  cases  de  acciaentes,  etc.,  el  Presidente  de  la  Reptiblica  acuerda 
y  decreta: 

AbtIculo  1 .  A  partir  del  1^  de  mayo  del  corriente  afio  todos  los  buques  que  conduzcan 
pasajeros  entre  los  puertos  de  la  Reptiblica  y  los  extranjeros  estanin  obUgados  a  dis- 
poner  de  instalaciones  radiotel^prdficas. 

Abt.  2.  Esas  instalaciones  deberdn  ser  eficaces  para  poder  recibir  y  trasmitir 
despachos  hasta  una  distancia  no  menor  de  100  ]dl6metros  en  los  buques  de  la  nave- 
gaci6n  fluvial  y  de  400  kil6metros  en  la  navegaci6n  ocednica. 

Art.  3.  Las  instalaciones  deberdn  ser  conservadas  permanentemente  en  buenas 
condiciones  de  funcionamiento,  e  intercomunicar  con  las  estaciones  de  la  Reptiblica. 

Art.  4.  Las  estaciones  deberdn  estar  a  cargo  de  personas  prdcticas  en  el  uso  de  los 
aparatos  radiotelegrdficos. 

Art.  5.  El  servicio  de  las  estaciones  deberd  ajustarse  en  un  todo  a  lo  establecido 
en  la  Convenci6n  Radiotelegrdfica  Intemacional  de  Berlin. 

Art.  6.  Los  sefiores  agentes  de  las  comi>afifas  haidn  conocer  antes  de  vencido  el 
plazo,  a  la  inspecci6n  de  los  Servicios  Nacionales  de  Tel^ralfa  sin  Hilos,  las  carac- 
terfsticas,  sistema,  poder,  etc.,  de  los  aparatos  radiotelegrdncos  que  se  instalen  en  los 
buques  de  sus  compafifas. 

Art.  7.  Los  buques  ^ue  una  vez  terminado  el  plazo,  que  se  fija  en  el  artfculo  1, 
no  hayan  cumplido  lo  dispuesto  en  este  decreto,  no  obtendidn  despachos  en  los  puertos 
de  la  Reptiblica  para  condudr  i>asajeros. 

Art.  8.  A  los  buques  que  no  conserven  sus  aparatos  radiotelegrdficos  en  buenas 
condiciones  de  funcionanuento  se  les  aplicard  la  sanci6n  del  artfculo  anterior. 

Art.  9.  La  Inspecddn  General  de  los  Servicios  Nacionales  de  Telegraffa  sin  Hilos, 
queda  encanrada  de  v^gilar  el  cumplimiento  del  presente  decreto. 

Art.  10.  Comunfquese  a  quienes  corresponda,  publfquese,  etc..  Battle  y  Ordofiez, 
Juan  Bemassa  y  Jerez. 

cla8ifioaci6n  de  las  estaciones. 

Las  estaciones  del  Uruguay  pueden  dividirse  en  estaciones  de  tierra  y  de  abordo. 
Las  de  tierra  en  estaciones  fijas  y  portdtiles;  siendo  las  fijas  costeras  e  interiores. 
Los  cuadros  que  se  insertan  al  final  comprenden  las  estaciones  que  posee  el  Uruguay 
con  sus  caracterfsticas  respectivas. 


Digitized  by  VjOOQ IC 


724       PROCEEDINGS  SECOND  PAN  AMERICAN   SCIENHFIC  CONGBBSS. 


SVD  -AMEKICA 

RED  RADIOTELEGRAFIC A 

DE  LAREPikiCA  Q  mi  WUGIAY 
EN  1915 


tktttiVSWmttim 


«H^t  lUft-di'mt 


Digitized  by  VjOOQ  IC 


ENOINEEBIKQ. 


725 


Todas  las  estaciones  radiotelegr&ficas  del  Uruguay  en  actividad,  de  cualquier  Indole 
que  sean,  aceptan  servicio  ptiblico  general;  esta  medida  resulta  muy  ventajosa;  puee 
unidades  militares  destacadas  en  el  interior  del  pals,  en  sitios  apartados,  donde  no 
existen  tel^gralos  ni  tel^fonos,  con  bus  estaciones  port4tilee  rodantee  o  volantes  prestan 
gran  servicio  a  los  pobladores  de  esas  zonas  en  sus  diversas  necesidades  siendo  los 


que  xa&B  aprovechan  los  comerciantes,  los  ganaderos,  etc.,  en  sus  distintas  transacciones 
que  les  penniten  estar  al  habla  con  sus  corresponsalee  de  los  pueblos  y  ciudades. 

b8taoi6m  costbra  dbl  obrbito. 

Esta  es  la  estaddn  principal,  se  levanta  en  los  alrededores  de  la  ciudad  de  Monte- 
video, sobre  una  altura  denominada  "Gerrito  de  la  Victoria,"  nombre  que  recuerda 
una  batalla  librada  alll,  en  las  luchas  por  la  independenda;  con  ^zito  para  las  armas 
patriotas. 

£1  terrene  de  que  dispone  la  estaddn  es  muy  amplio,  consta  de  cuatro  hect&reas, 
lo  que  pennitird  en  el  futuro  un  aumento  del  poder  de  los  aparatos  dentro  de  un  gran 
margen. 

68436— 17— VOL  vi 47 

'Digitized  by  VjOOQ IC 


726       PBOOBEDINGS  SECOND  PAK  AMEBIOAN  SCIENTIFIC  COITOBBSS. 

El  edificio  de  la  eetaci6n  es  de  mampoeterfa  con  locales  necesarios  para  alojar  IO0 
aparatosy  miquinas,  taller,  asf  como  tambi^  una  pequefia  guardia  militar  que  presto 
Bervicio  pennanente. 

La  coniente  el^trica  necesaria  se  toma  de  la  red  sabteninea  de  la  ciudad  de  Monte- 
video, esistiendo  dentro  del  mismo  edificio  una  sab-estaddn  de  la  planta  del  Eslado. 

La  corriente  el^trica  tnf&gica  transformada  a  220  voltios  con  50  perfodos  alimenta 
un  motor  de  II  HP  acoplado  a  un  dinamo  que  genera  coniente  continua  de  78  amperes 
a  110  voltios. 

Esta  corriente  acciona  el  grupo  generador  de  corriente  de  alta  frecuenda  fonnada 
de  un  motor  de  6.6  HP  dlrectamente  acoplado  a  un  altemador  de  22.7  amperee  a  220 
voltios  y  500  perfodos. 

Existe  ademds  un  generador  de  reserva,  para  los  cases  en  que  por  una  drcunstancia 
cualquiera  se  inteirumpiese  la  coniente  de  la  planta  que  abastece  la  ciudad;  por 
averfas,  huelgas,  o  a  causa  de  las  limpiezas  de  las  m&quinas,  etc. 

Ese  grupo  lo  forma  un  motor  a  bencina  de  12  HP,  de  13  dlindros  dlrectamente  aco- 
plados  a  un  dinamo  de  coniente  continua  de  75  amperes  a  110  voltios. 

De  esta  manera  se  tiene  asegurada  la  r^gularidad  del  servicio  permanente  que 
hace  la  Estaci6n  Cerrito. 

TBANBMI80R. 

La  coniente  altema  del  grupo  convertidor  de  alta  frecuencia  eleva  su  tensidn  desde 
220  a  8,000  voltios  por  medio  de  un  transformador  de  drcuito  magn^tico  cerrado. 

El  circuito  oscilante  contiene  cuatro  botellas  de  Leyden  de  12,000  centimetros  de 
capacidad  cada  una  y  el  osdlador  es  de  chispa  dividida  con  12  eepacios  y  con  ventilador. 

El  perfodo  propio  del  circuito  oscilante  puede  variarse  por  medio  de  clavijaa  que  se 
coloquen  tomando  m&B  o  menos  autoinducci6n  de  la  bobina  correspondiente. 

El  emisor  de  la  Estaci6n  Cenito  est&  aintonizado  para  las  siguientes  longitudes  de 
onda:  600,  1,000  y  1,250  metres. 

Se  ha  suprimido  con  notable  ventaja  el  ^'relais'*  empleado  generalmente  en  las 
estaciones  de  este  tipo  y  la  coniente  se  interrumpe  con  un  manipulador  comdn  con 
contactos  de  gran  superficie. 

Todas  las  partes  que  constituyen  el  circuito  oscilante,  as£  como  tambi^  el  ampen^ 
metro  y  el  vari6metro  de  la  antena,  que  permiten  aintonizar  la  estacidn,  van  colocadas 
sobre  una  mesa  especial  y  en  la  parte  superior  de  ella  hay  una  capacidad  auxiliar 
formada  por  cuatro  botellas  de  Leyden  que  permiten  acortar  la  longitud  de  onda 
propia  de  la  antena,  cuando  se  desea  trabajar  con  longitud  de  600  metres  de  onda. 

La  potencia  oscilatoria  en  la  antena  es  de  2.5  kilovatios. 

ANTENA. 

La  antena  es  en  forma  de  T  sostenida  por  dos  tones  de  acero  de  60  metres  de  altort 
a  distancia  de  100  metres,  aisladas  en  su  base  por  fuertes  discos  de  vidrio  y  sosteiuda 
por  riendas  de  acero  ancladas  s61idamente. 

La  antena  tiene  4  hilos  de  bronce  fosforoso  de  3  milfmetros  de  didmetro;  siendo  0U 
capacidad  el^trica  de  2,000  centimetros  y  su  longitud  de  onda  propia  de  1,000  metros. 

Se  emplea  una  contra  antena  tendida  a  corta  distancia  del  suelo  como  toma  de 
tierra  artificial. 

BSCSPTOB. 

El  receptor  es  telef6nico  con  detectores  de  cristales  de  ailic6n,  y  los  dispositivotf 
permiten  obtener  una  sintonfa  rdpida  en  una  escala  de  ondas  desde  250  metros  hasta 
6,000  metres. 

En  cuanto  al  alcance  de  la  estaci6n,  se  trabaja  normalmente  durante  el  dfa  hasta 
1,000  kil6metros  de  distancia. 

Durante  la  noche  se  intercomunica  regularmente  con  la  estaci6n  de  Port  Stanley, 
de  las  ifllas  Malvinas  distante  1,900  kil6metroe,  pero  puede  llegarse  hasta  2,500  kil6- 
metros. 
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B8TA0I6n  DS  PASO  DB  LOS  TOBOS. 

La  E8taci6ii  de  Paso  de  los  Toros  esti  situada  en  el  centre  de  la  Reptiblica,  sobre  la 
maigen  derecha  del  Rio  Negro,  en  el  pueblo  de  Santa  Isabel,  localidad  importante  del 
punto  de  vista  militar,  pues  el  gran  puente  de  acero  existente  alii,  permite  la  uni6n 
de  los  ferrocaniles  del  norte  y  del  sur  del  pais;  hay  ademds  allf  nn  apostadero  de  los 
vapores  que  navegan  en  el  Rio  Negro  y  las  oficinas  de  ese  servicio. 

La  estaci6n  ocupa  una  hect&rea  de  terrene  y  el  edificio  tiene  todas  las  cemodidades 
precisas  para  alojar  las  miquinas,  aparates,  etc.,  asf  como  tambi^n  para  vivienda  del 
jefe  y  su  familia. 

OBNBRADOB  DB   BLBCTBICIDAD. 

El  grupo  electr^eno  lo  ferman  un  metrar  a  bencina  de  8  HP  de  dos  cilindros,  de 
1,200  revolucienes  por  minuto  directamente  acoplado  a  un  dinamo  de  45  amperios 
y  110  voltios.  Esta  corriente  acciona  directamente  el  grui>o  convertidor,  compuesto 
de  un  motor  directamente  acoplado  a  un  altemador  de  18  amperios  a  220  voltios  con 
600  perfodos,  o  carea  una  baterfa  de  60  elementos  y  de  180  amperios-hora  de  capacidad 
la  cual  alimenta  el  grupo  convertidor. 

TBANSMISOB. 

La  eneigia  del  altemador  de  alta  frecuencia  alimenta  un  transformador  est&tico  de 
circuito  magn6tico  cerrado  que  eleva  la  tensi6n  de  220  a  8,000  voltios. 

El  circuito  oscilante  contiene  dos  botellas  de  Leyden  de  12,000  centimetres  de 
capacidad  cada  una. 

El  escilader  es  de  chispa  dividida  y  contiene  10  espacios  de  chispa. 

Este  circuito  estd  sintonizado  para  las  ondas  de  450,  600  y  900  metres. 

Los  distintos  elementos  que  censtituyen  el  circuito  oscilante  van  dispuestos  sobre 
un  bastidor  de  hierro  asi  come  tambi^n  el  amper6metro  de  antena. 

Lateralmente,  adosado  al  mure  del  cuarto  de  aparatos,  estd  el  vari6metro  de  antena 
que  permite  sintonizar  la  estacidn  para  las  ondas  mencionadas. 

La  potencia  escilatoria  en  la  antena  es  de  1.5  kilovatios. 

ANTENA. 

La  antena  de  la  Estaci6n  Paso  de  los  Teres  estd  sostenida  por  una  torre  de  acero  de 
45  metres  de  altura  aislada  en  su  base  por  discos  de  vidrio;  y  es  en  forma  de  paraguas 
de  6  hilos. 

La  capacidad  de  la  antena  es  de  1,200  centimetres  y  la  longitud  de  onda  prepia  de 
475  metres. 

Se  emplea  una  tierra  artificial  censtitufda  por  conduc  tores  metilicoB  tendidos  a 
1.20  del  suelo  y  convenientemente  aislades. 

RBCBPTOB. 

El  receptor  empleado  es  telef6nico  con  detectores  de  cristales  de  galena  y  de  8ilic6n 
con  dispositivos  que  permiten  una  sintonfa  r&pida  en  una  escala  de  ondas  de  200  hasta 
3,000  metres. 

En  cuanto  al  alcance  normal  de  la  estacidn  es  de  500  kil6metros  durante  el  dfa  y  de 
1,250  kilometres  durante  la  noche. 

BSTAadN  DE   EIVBRA. 

Esta  estaci6n  est4  situada  en  el  extreme  norte  de  la  Repdblica,  sobre  la  Ifnea  fronte- 
risa  con  el  Brasil,  en  la  ciudad  de  Rivera  y  ocupa  la  cumbre  de  un  cerro  llamado  del 
"Hospital.'' 

Los  dispositivos  y  elementos  y  caracteristicas  de  las  instalaciones  son  IdOnticaB  a 
las  de  la  Estacidn  Paso  de  los  Tores,  excepci6n  hecha  de  la  antena  que  es  en  forma  de 
T  sostenida  per  dos  torres  de  acero  de  45  metres  de  altura  cada  una  aislada  en  su  base 
con  chapas  de  vidrio. 
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La  capacidad  de  la  antena  es  de  1,200  centfmetroe  y  la  longitud  de  onda  propia  de 
450  metros. 

El  emisor  estd  sintonizado  para  laa  aiguientes  longitudes  de  onda:  450,  600  y  900 
metros. 

Alcance  id^ntico  a  la  de  Paso  de  los  Toros. 

E8TA0I6n  DB  la  I8LA  DB  LOBOS. 

Estd  aituada  en  la  costa  este  del  Rfo  de  la  Plata,  sobre  la  isla  del  mismo  iioinbr« 
formando  parte  de  los  servicios  anxiliares  del  faro  de  primer  orden  allf  establecido. 

OBNBBADOB  DB  BLBOfSIOIDAD. 

£1  grupo  electi^^geno  lo  fonnan  un  motor  a  bencina  de  un  dlindro  de  2  H  P  directa- 
mente  acoplado  a  un  dinamo  de  17  amperes  a  50  voltioB* 

Con  este  grupo  ae  caigan  dos  baterlas  de  16  elementos  cada  una  y  con  im  total  dm 
100  amperioe-hora. 

TBANBIOSOB, 

Con  la  corriente  directa  del  grupo  electrdgeno,  o  con  la  que  se  toma  de  la  baterift 
de  acumuladores,  se  caiga  una  bobina  de  Rumkorff  con  interrupter  de  martillo  que 
eleva  el  voltaje  y  carga  el  circuito  oscilante  que  tiene  tres  botellas  de  Leyden  de 
2,000  centimetros  de  capacidad  cada  una. 

El  oscilador  es  de  chispa  dividida  con  10  eepacios  de  chispa. 

El  circuito  est&  sintonizado  para  450  y  600  metros. 

La  potencia  oscilatoria  en  la  antena  es  de  0.2  de  kilovatio. 

BBOBFTOR. 

Se  emplea  el  receptor  telefdntco  y  detectcves  de  cristales  de  galena  y  silic6n.  Se 
pueden  sintonizar  los  aparatoe  de  recepci6n  entre  los  llmites  de  200  y  3,000  metzos 
de  longitudes  de  ondas. 

Tanto  los  apaiatos  transmisores  como  los  receptores,  vari6metro,  amper6metro,  etc., 
v«n  colocadot  dentro  de  una  caja  de  madera  cuyas  dimensiones  son  de  2.75  por  1«75 
que  se  puede  cerrar  por  medio  de  una  tapa  c(»Tediza  en  forma  de  cortina. 

ANTBNA. 

La  antena  estd  suspendida  de  la  torre  del  faro  que  tiene  una  altura  de  60  metres 
y  es  en  forma  de  arpa. 

La  capacidad  de  la  antena  es  de  700  centfmetros  y  la  longitud  de  onda  propia  de 
350  metros. 

Se  emplea  una  tierra  artificial  formada  por  una  red  de  conductxures  metdlicos  con- 
venientemente  aislados  del  suelo. 

El  alcance  normal  de  la  estaci6n  es  de  150  durante  el  dia  y  de  370  ]dl6metros  durante 
la  noche. 

pont6n  fabo  dbl  banoo  INGLis. 

Este  pont6n  est4  fondeado  en  el  Rfo  de  la  Plata  en  el  conocido  Banco  Ingl^ 
temible  para  los  navegantes. 

La  estaci6n  es  id^ntica  a  la  de  Isla  de  Lobos. 

La  antena  en  forma  de  T  tiene  una  capacidad  de  490  centfmetroe  y  una  longitud 
de  onda  propia  de  115  metros. 

El  alcance  normal  diumo  es  de  70  y  el  noctumo  de  170  kil6metros. 

El  transmisor  estd  sintonizado  para  longitudes  de  onda  de  300  y  600  metres. 
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B8TAGI0NE8  DB  A  BORDO. 

Crucero  "  Uruguay  ^ 

Es  este  un  crucero  torpedero  de  1)400  toneladas.  La  estacidn  radiotel^;r^ca  ee 
del  miamo  tipo  de  laa  estaciones  teirestres  de  Pado  de  los  Toros  y  de  Rivera,  siendo 
id^nticoB  bub  elementos  principales. 

El  transmiflor  estd  sintonizado  i>ara  longitudes  de  onda  de  300, 450, 000  y  700  metroB. 

La  antena  en  forma  de  T  va  tendida  entre  Iob  doe  miurtileB  del  buque  y  bu  capacidad 
ee  de  1,000  centfmetroe  y  bu  longitud  de  onda  propia  de  400  metroe. 

El  akance  normal  diumo  es  de  400  kil6metro8  y  el  noctomo  de  1,000  kil6metroe. 

Esta  estaci6n  ha  comunicado  regularmente  durante  la  noche  deede  la  A8unci6n  del 
Paraguay  con  la  EBtaci6n  Cerrito,  a  una  distancia  de  1,100  ]dl6metro8  Bobre  tierra 
cubierta  de  grandee  eelvaB. 

Crucero  "  Montivideo" 

£b  un  buque  de  2,600  toneladas.  Su  instalaci6n  radiotelegiifica  es  id^tica  a  la  del 
erucero  "Uruguay;"  la  antena  en  forma  de  T  tiene  una  capacidad  de  1,200  centf- 
metros  y  longitud  de  onda  propia  de  350  metros;  alcance  normal  diumo  400  akance 
normal  noctumo  1,000. 

El  transmiflor  estd  sintonizado  para  longitudes  de  onda  de  450  y  de  600  metros. 

CkifUmero  *'18  de  Julio." 

Buque  de  550  tonelades;  su  estacidn  es  id^tica  a  las  del  "Uruguay  "[y  del  "Monte- 
Tideo;'*  pero  como  la  separaci^n  y  altura  de  los  mistiks  es  menos  que  en  aquellos  el 
akance  es  m^  reducido  • 

Alcance  normal  diumo,  300  kil6metros;  alcance  normal  noctumo,  750  kil6metros. 

Capacidad  en  la  antena,  1,250  centfmetros;  kngitud  de  onda  propia,  240  metros. 

El  transmisor  esti  sintonizado  para  longitudes  de  onda  de  450  *y  de  600  metres. 

Tramporte  "Bar&n  de  I^  BraruxK" 

Buque  de  600  toneladas.  La  estaci6n  es  id^ntica  a  la  de  la  Isla  de  Lobos.  La 
antena  en  forma  de  T  con  una  capacidad  de  600  centfmetros  y  longitud  de  onda  propia 
de  160  metros. 

Alcance  normal  diumo,  150  metros;  alcance  normal  noctumo,  370  metros. 

El  transmisor  estd  sintonizado  para  longitudes  de  onda  de  450  y  de  600  metres. 

Vapor  *'Oycarvide." 

Este  buque  es  de  300  toneladas  y  estd  destinado  al  Bervicio  hidrogr&fico.  Su  estaci6n 
•s  id^ntica  a  la  del  Bar6n  de  Rfo  Branco. 

La  antena  es  en  forma  de  T  con  600  centfmetros  de  capacidad  y  160  metros  de  onda 
propia. 

El  transmiflor  estd  sintonizado  para  ondas  de  450  y  de  600. 

Su  alcance  normal  diumo  es  de  150  metros  y  noctumo  de  370  metros. 

Vapor  '*Ingenerio" 

Es  este  un  pequefio  vapordto  de  servido  del  puerto  de  Monterideo.  La  estad^n 
•s  id^tica  a  la  del  "  Oyarvide."  Antena  en  forma  de  T,  la  capaddad  de  550  la  longi- 
tud de  onda  propia  de  150  metros,  el  alcance  normal  diumo  de  100  y  noctumo  de  260 
ldl6metros. 

El  transmisor  estd  sintonizado  para  longitudes  de  onda  de  450  y  de  600. 

ESTACIONES  FOBtXtILES. 

Las  eetadones  port&tiles  de  radiotelegraifa  que  posee  la  Reptiblica  Oriental  de 
Uraguay  son  de  doe  tipos:  Las  "rodantes"  transportables  ccm  tiros  de  caballos  y  las 
"Tolantes,''  m^  livianas  transportables  a  lomo  de  caballo  o  en  pequefioe  canitos. 
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S8TACI0NBS  R0DANTB8. 

De  eete  tipo  hay  dnco  en  uao  distribuidas  en  las  nnidades  militaieB,  en  difftantoa 
punt06  del  pais. 

Todo6  loe  aparatos  transmiaores  y  receptoree  van  diBpuestos  aobre  un  vehicnlo  de 
coatro  niedas  conatitafdo  por  dos  canitos  acoplados. 

El  canito  delantero  contiene  los  apaialoa  el^tricos  y  el  material  de  la  aatena  j 
tiene  aaientOB  i>ara  dos  hombres. 

El  canito  trasero  contiene  el  motor  a  bendna,  los  dinamoa  y  todo  lo  necesario  p«im 
la  generaddn  de  la  coiriente  el^trica;  lleva  adem^  colocados  extenonnente  los 
trozos  del  m^il  y  aaientOB  para  cuatio  hombres. 

Todas  las  miquinas  y  aparatos  est^  dispueetos  de  tal  manera  que  pueden  empeaar 
a  funcionar  en  im  espacio  de  tiempo  de  algunos  minutes  solamente,  siendo  tan  bSIo 
necesario  hacer  las  conexiones  con  la  antena  y  \mir  las  m^uinas  entre  sf ,  para  que  la 
estaci6n  quede  en  condiciones  de  prestar  servicio. 

Loe  carritos  est^  constitufdos  de  modo  que  todos  los  aparatos  son  accesiblesy  que 
la  sintonizacidn  es  f&cil  y  que  se  pueda  ejercer  un  control  eficaz  en  todos  los  detaUes 
de  la  instalacidn. 

El  peso  total  de  los  doe  carritos  con  el  equipo  complete,  m&stil  y  material  de  antena, 
sin  los  soldados,  es  de  1,800  kilos. 

•  ORUPO  BLBOTBdOBNO. 

Un  altemador  monoftoco  de  2  kilovatios  de  alta  frecuencia,  sin  anillos  colectores^ 
a  una  tenai6n  regulable  de  70  a  120  voltios  es  accionado  directamente  por  un  motor  a 
bencina  de  un  cilindro  de  5  HP,  con  velocidad  angular  regulable  de  1,000  a  2,000 
revoluciones  por  minuto. 

El  altemador  es  excitado  por  la  corriente  continua  que  produce  un  pequefio  Hiiii^mft 
acoplado  en  el  mismo  eje. 

TRAN8MI80B. 

La  corriente  altemativa  que  se  genera  en  el  vehiculo  del  motor  se  conduce  al  de 
aparatos  por  medio  de  un  cable  flexible,  convenientemente  aislado,  y  se  transforma 
allf  a  tma  tensi6n  de  5,000  voltios  con  la  cual  se  carga  el  circuito  oscilante,  cuya  ca- 
pacidad  es  de  1,000  cm. 

El  oscilador  es  de  chispa  dividida  con  10  saltos  de  chispa. 

Un  dispositive  especial  permite  variar  f&cihnente  la  longitud  de  onda  emitida 
entre  600  y  2,000  metres. 

La  potencia  oscilatoria  en  la  antena  es  de  1  kilovatio. 

ANTBNA. 

La  antena  se  compone  de  12  conductores  de  cobre  de  30  metres  de  largo  cada  uno  y 
12  kilos  de  contrapeeo  de  60  metres  cada  uno. 

Los  hilos  agrees  se  tienden  en  forma  de  paraguas  a  partir  de  la  punta  del  m^Mstil. 

Los  que  forman  el  contrapeso,  o  tierra  artificial,  se  tienden  a  corta  difltancia  dt^ 
suelo  y  convenientemente  aislados. 

El  mdstil  que  soporta  la  antena  consta  de  varies  trozos  de  cafio  de  acero  que  enchu- 
fados  convenientemente  pueden  alcanzar  una  altiua  de  25  metres  y  descansa  en  su  base 
en  una  banqueta  de  madera  provista  de  aisladores  de  porcelana. 

La  operaci6n  de  men  tar  y  desmontar  la  antena,  con  personal  pr^tico,  puede  hacerse 
en  10  o  15  minutes. 

BBOBPTOR. 

El  vehiculo  de  aparatos  lleva  dos  receptores  que  pueden  emplearse  juntos  o  inde- 
pendientemente  y  permiten  una  sintonia  para  recibir  ondas  desde  300  a  6,000  metros. 
Los  detectores  empleados  son  de  cristales  de  galena  y  de  siUcdn. 
El  alcance  normal  diumo  es  de  300  kil6metros  y  el  nocturne  de  750  kil6metroe. 
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S8TACIONB8  V0LANTB8. 

Estas  eetaciones  se  transportan  en  cargueroe  a  lomo  de  caballo  o  en  pequefios  carrofl 
cubiertos,  reffletentes  y  livianoe  arrastrados  por  tres  caballos  y  pueden  poneree  en 
fiincionamiento  en  pocos  minutoe  de  tiempo. 

De  estas  estaciones  hay  cuatro  en  servicio. 

QENBRADOR  DB   BLBOTRICIDAD. 

Se  emplea  iin  pequeiio  motor  a  bencina  directamente  acoplado  a  un  dinamo  que  da 
3  amperios  a  110  voltios.  O  bien  se  utiliza  un  tanden  de  bicicleta  accionado  por  doe 
bombree,  que  por  medio  de  una  transmisidn  hace  girar  un  dinamo  que  produce  la 
corriente  el^trica  neceearia. 

TRAN8MIS0R. 

La  corriente  obtenida  en  las  condiciones  expreeadaa,  eleva  su  voltaje  en  un  carrete 
de  Rumkorff  y  carga  el  circuito  oecilante  compuesto  de  una  eerie  de  pequefiaa  botellas 
de  Leyden  con  aceite,  ''self  variable,"  y  oecilador  de  chispa  dividida  con  8  espacioe. 

La  onda  con  que  se  trabaja  generahnente  es  de  364  metres. 

BBOBPTOB. 

El  receptor  es  telef6nico  con  detectores  de  contacto  de  galena  y  de  silic6n  y  dis- 
puesto  de  manera  que  es  podble  sintonizar  la  recepci6n  para  una  escala  grande  de 
ondas. 

ANTBNA. 

La  antena  que  se  utiliza  es  an&loga  a  la  de  las  estaciones  rodantes  anteriormente 
descritas. 

El  alcance  normal  diumo  de  estas  estaciones  es  de  100  kil6metros  y  el  noctumo  de 
240  kil6metroe. 

0ON0LU8IONB8. 

1.  La  experiencia  ha  demostrado  que  las  comunicaciones  radiotelegr&ficas  en  el 
Uruguay  pueden  conseguirse  en  forma  permanente  usando  instalaciones  de  poder 
muy  reducido;  habi^ndose  con  las  estaciones  de  que  se  dispone  superado  en  mucho 
los  alcances  gaiantidos  i>or  las  fdbricas,  lleg&ndose  a  conseguir  establecer  un  servicio 
regular  de  intercomunicaciones  a  distancias  de  2,000  kil6metros  (Montevideo,  Port 
Stanley),  con  una  estacidn  de  un  poder  de  2.5  kilovatios  de  potencia  oscilatoria  en 
la  antena. 

2.  Estos  resultados  son  debidoe  indudablemente  en  gran  parte  al  empleo  de  un 
sistema  radiotelegr&fico  de  chispas  musicales;  pues  en  estas  regiones  las  descargas 
atmosf^ricas  son  muy  intensas  y  frecuentes,  por  lo  cual  los  sistemas  radiotelegr&ficos 
de  chispas  lentas  no  podrian  dar  buenos  resultados. 

3.  Los  hechos  demuestran  la  conveniencia  que  existe  en  que  los  servicios  radio- 
telegr&ficos  de  los  distintos  palses  sudamericanoe  sean  monopolizadoe  por  los  respec- 
tlvos  pafses  y  que  en  cada  uno  de  ellos  se  conffe  a  una  sola  autoridad  superior  la  tarea 
de  dirigir  y  coordinar  los  servicios  de  todas  las  estaciones,  aun  cuando  presten  servicios 
de  indole  diversas,  a  fin  de  que  el  tr&fico  no  se  perturbe  y  que  al  contrario,  las  distintas 
estaciones  se  auxilien  y  no  se  interrumpan. 

En  favor  del  monopolio  de  los  servicios  radiotelegr&ficos  por  el  Estado  en  el  Uruguay, 
existen  diversas  razones  de  orden  ptiblico  que  asi  lo  exigen,  y  que  probablemente  son 
aplicables  a  los  dem^  pafses  sudamericanoe,  donde  las  luchas  poKticas  apasionadas 
pueden  acarrear  trastomos  internes,  siendo  indispensable  al  gobiemo  encargado  de 
velar  por  la  tranquilidad  ptiblica  tener  en  su  mano  este  medio  de  comunicaciones, 
cuyo  control,  estando  el  servicio  en  poder  de  particulares  es  muy  diffcil  de  efectuar. 
Por  lo  dem^  las  complicadones  que  en  la  guerra  actual  se  han  producido  en  algunos 
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pafses  Budamericanos  debido,  a  estar  las  estecioneB  en  manoe  de  parUculares  justifica 
adn  mis  la  medida  del  monopolio. 

4.  La  Repdblica  Oriental  del  Uruguay  ocupa  en  Sud  America  una  poaici6n  muy 
importante  del  punto  de  vista  de  las  grandee  vfas  intemacionales  de  comunicaci6n  y 
de  transporte. 

Serla  dtil  instalar  en  el  Uruguay  una  eetaci6n  radiotelegr^ca  poderosa  que  per- 
mitiera  intercomunicar  directamente  con  Europa  y  Arnica  del  Norte,  y  por  lo  tanto 
con  todas  las  capitalee  de  los  paises  sudamericanoe  donde  exLstieran  instalacioneB  de 
neceeario  poder.  Serla  dtil  y  conveniente;  no  e61o  del  panto  de  vista  naciooal  nno 
tambi^n  del  mis  amplio  de  los  intereses  y  conveniencias  panamericanas;  en  efecto: 
la  Repdblica  Oriental  del  Uruguay  tiene  pofltddn  geogrdfica  y  condiciones  especialeB 
con  respecto  de  las  grandes  vias  intemacionales  de  comunicaci6n  y  de  transporte  en 
Sud  America;  su  costa  del  Rfo  de  la  Plata  es  la  de  los  canales  profundos  y  el  Puerto  de 
Montevideo  es  superior,  y  cuando  tenga  su  zona  franca  ser&  la  eecala  obligada  para  las 
mercaderfas  que  pasen  de  o  paia  gnm  parte  del  centre  de  Sud  Arnica,  ya  sea  por  la 
navegaci6n  fluvial  o  por  las  vias  ftoeas. 

Las  costas  atUnticas  de  la  Repdblica  Oriental  del  Uruguay  ofrecen  puntoa  que 
reunen  condiciones  naturales  superiores  para  construir  puertos,  profundos  y  eeguroSp 
donde  los  mia  grandes  buques  podrfan  atiacar  y  operar  directamente  la  carga  y  des- 
carga  de  los  vagones  de  los  f  errocairiles  que  en  pocas  horas  pueden  llegar  a  las  apartadas 
zonas  del  Brasil,  Paraguay,  Bolivia,  etc. 

Por  otra  parte  la  conBtrucci6n  de  caminos  de  hierro,  canreteras  y  Uneas  telegr^cas 
y  telefdnicas  en  el  Uruguay,  no  ofrece  mayores  obst&culos;  al  contrario,  el  terrene 
presenta  condiciones  muy  favorables:  no  hay  grandes  accidentes  topqgr&ficoe,  el 
Bubsuelo  es  firme,  los  desagOes  son  6ptimos  y  los  materiales  de  construccidn  may 
abundantes. 

Existe  otra  ventaja  no  deepreciable:  no  hay  zonas  desiertas  y  la  cultura  general  del 
pais  es  homog^nea  en  todos  sus  imbitos. 

Echando  una  ojeada  a  im  mapa  de  Sud  Arnica,  en  el  que  est^  marcados  los  cables 
telegrdficos  atl&nticos  intercontinentales,  se  puede  ver  f^lmente  que  conv^:gen  al 
Uruguay  las  Ifneas  de  comunicaciones  intemacionales  m^  importantes. 

For  las  razones  expuestas  es  que  una  instalaci<ki  radiotelegrifica  ultrapoderosa  en  el 
Uruguay  tendrla  gran  importanda  para  las  comunicaciones  en  Sud  Am^ca;  sig- 
nificando  por  otra  parte  un  buen  negocio  para  la  empresa  que  la  explotase,  si  es  que  el 
Gobiemo  del  Uruguay  no  la  realizara  por  su  cuenta. 

PBOF08ICI6n. 

Serfa  de  suma  importancia  del  punto  de  vista  del  intercambio  de  ideas  en  Am^ca, 
del  acercamiento  intelectual  de  sus  paises  cuyos  deetinos  tan  imidoe  deben  ser,  asi 
como  tambi^n  para  el  fomento  de  las  relaciones  comerciales,  etc.,  la  celebraci^n 
de  un  congreso  de  radiotelegrafia  panamericano;  con  el  objeto  de  combinar  las 
normas  ttoiicas  y  administrativas  de  un  servidLo  de  comunicaciones  ripido  y  eco- 
n6mico  de  telegraffa  sin  hilos;  que  podrfa  inmediatamente  solucionar  un  problema 
que  el  tel6grafo  ordinario,  de  conductores  met&licos,  no  podrd  resolver,  ni  aun  dentzo 
de  muchoe  afios,  dado  lo  costoso  que  serfa  construir  y  conservar  Ifneas  de  enormei 
desarrollos,  tendidas  muchas  voces  a  trav6s  de  territories  desiertos  e  inhospitalarioi, 
para  unir  las  capitales  de  los  diversos  pafses  de  Sud  America. 

For  otra  parte,  casi  todos  los  paises  americanos  tienen  instalaciones  radiotelegiificas, 
mia  0  menos  modemas,  mis  o  menos  poderosas;  de  modo  que  con  muy  pocos  gastos, 
con  861o  algunas  nuevas  instalaciones  y  reforzando  algunas  de  las  existentes  se  tea- 
drfa  una  red  americana  de  telegraffa  sin  hilos. 
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IfoviniUrUo  de  radiotelegramas  oficiales  desde  elS  de  mono  de  19 It  a  dieiembre  de  1914 » 


1913 

1018 

1014 

116968. 

NtUnero 
de  radio- 
tele- 
gramas. 

Importe 
seetkn 

Ntkmero 
deradio- 

tele- 
gramas. 

Importe 
9tg6n 
tarllia. 

Ntkmero 
deradlo- 

tele- 
gramas. 

Importe 
Mgdn 
tarltia. 

SlMTO 

74 
86 
84 
60 
41 
21 
86 
28 
86 
40 
76 
103 

$46.26 
8L02 
62.00 
87.02 
22.60 
1&42 
26.00 
16.78 
20.64 
26.10 
42.84 
86.14 

U7 
86 

180 
00 
88 

60 
67 
70 
08 
70 
66 
40 

$00.46 

Tsbraro • 

TIM 

ICano 

60 
20 
19 
60 
64 
68 
38 
60 
160 
116 

$41.30 
16.33 
11.30 
20.66 
84.24 
80.36 
17.78 
7a  62 

130.84 
88.38 

111.06 

AliriL 

87.06 

Mayo 

$0.84 

twt3?'.'""'."!:;;;" '  ;:"" 

$0.84 

Jollo 

44.70 

Asosto • 

06i7S 

Sratiembra. 

67.86 

Oetobre. 

44.04 

NoTleiPbft. 

46.60 

sjSJ^fSr  :  :: :    :      : 

28.68 

680 

474.00 

620 

482.62 

068 

744.08 

RB8X7MEN. 


Aflos. 

Ntimero 
de  radio- 

tele- 
gramaa. 

Importe 

tags 

1013. 

680 
620 
068 

$474.00 

1018 

483.63 

1014 

744.01 

3,286 

1,66L64 

NcyVA.— El  total  df  $1,651  JM,  68  el  qi 
tife  qoe  el  86rrioio  oikdal  68  cpratnito. 


que  ooirespondecfa  de  aonerdo  oon  las  tarUta  Tlg6nt68,  poeadebe  adrer- 


RESUMEN. 


Aikw. 

Ndmero 
deradlo- 

tele- 
gramas. 

Pro- 
docto. 

grafoe. 

Fagos 

saiSSea 
fliTorde 

giroi,eto. 

Vertldo 

en 

T6aorar!a 

General 

dela 

naoltat 

1013 

0,038 
18,281 
0;076 

$16,646.30 
20,882.68 
32,217.80 

$1,001.28 
2,876.48 
3,28L80 

$086uQ2 
54.66 

1,664.68 

$12,800.80 

1018 

17,422.56 

1014 

15,008.26 

83,136 

68,746.28 

8,006.06 

2,686w28 

46,115.13 

Nova.— Debe  Terterae  en  Teeorerfa  Q.  de  la  Naddn  $2,807.82,  prooedentes  de  te 
Diolembre  ppdo.  y  por  oonoepto  de  cnentas  aon  no  oobradas. 
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Movimiento  de  la  radiotelegnmuu  de  arviciot  trangmUidos  y  rtcMdo%  durcnUe  I09  meta 
de  marzo  de  1912  a  diciemhre  de  1914. 


• 

1912 

1918 

1014 

Umm. 

<kM. 

Traami- 

tldOB. 

Reoibi- 
dos. 

Tnmi. 
tidos. 

B«efbl- 
dos. 

TrMBd- 
tidoi. 

Xnero. 

221 
176 
212 
220 
231 
278 
281 
240 
228 
200 
260 
282 

62 
20 
44 

88 
46 
84 
82 
00 
46 
50 
78 
82 

217 
2Q8 
272 
200 
202 
280 
20« 
288 
200 
275 
274 

n 

KSSii 

71 

iKiiS!""""ii";i:!!"i;i";""";i" 

78 

146 
184 
195 
2U 

2a 

241 
224 
287 
2S7 

58 
70 
88 
62 
71 
50 
42 
84 
50 

85 

Vhfo 

74 

Tnmo 

m 

Jollo 

m 

Acofto 

0 

81 

Ootabm. 

0 

u 

PWtntft 

77 

1,071 

'     640 

2,879 

676 

«,28i 

005 

RE8UUEN. 


Aikis. 

Bwlbi- 
dflB. 

TMBd- 

tidos. 

igi2 

1,971 
2,870 
3:288 

649 

1918 

675 

1014 

001 

8,138 

S.0S9 

Reiumen  del  InverUario  Oeneral  valotxido  de  loa  terrenos,  edUtcioSymueUes,  HtUeSyfnaU' 
ridleSf  aparatosy  eatadonee^  etc.,  de  la  Inepeoddn  Oeneral  de  TeUgrafia  em  Hxloe, 


Oonotptos. 

IimMooldo 

Estaddn 
Oenlto. 

Estaddn 

Pasode 

losToros. 

Bitaddn 

BrtMidn 
Islado 
Loboi. 

884,80a00 
12,080.00 
8,184.00 

82,50a00 

6,600.00 

87.80 

81,000.00 
6;606.00 

IMIflm 

MntMfii,  mAtflriAlm  7  mflm , . 

2,838.96 

Liboratorio.  Mpanktos,  0to 

if i&n'nifMA  •WWtM  « f mtftlftftkinffl 

19,976.00 

13,026.00 

13,025.00 

"©.'Miob 

SSSSSSi^T^   vT^^ 

TiM**kkAiAn  iiAMfiMwfA  vMiblft  tfil«f4nkM>  1 , ,  , 

11,768.00 

Tillflr,  apantos,  6(0  4,* 

902.68 

9,638.19 

81,902.66 

22,712.80 

20,230.00 

2,28a00 

C-*. 

Estaoidii 

P.  Banco 

IngMB. 

EstacioiiM 
volanto. 

BstadoDfls 
rodaates. 

Eatadonts 
deabordo. 

Imports. 

TSTBDO.  ovoo.  tto 

• 

^:?SS 

bSSSSm^'.^  ;;:;":;;;;:;;;;::; 

lioebki.materiatosytktUM 

SH8.0 

Laboratorio.aDaiatM.eto 

If f^i^fifMf  aitiiratoi  it  InBtalaokUMB 

82,280.00 

BstadonesC 

80,666.00 

846,400.00 

824,006.00 

TnfftaladiTn  de  firnvgia  yfmblft  tfltoftfnloo  >. . . 

Tailor,  aparatos,  eto i 1 

2,280.00 

9,666.00 

46,400.00 

24,006.00 

217,808.51 

1  Son  4  flstaoionQa  volanteB,  6  rodantes  y  6  de  abordo. 
NoTA.^Lo6  mueblcB,  dtUes  y  henamlcntas  baa  sido  rebi^}ado8  en  an  10%  por  el  oao. 
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POSTES  TELEGRlFICOS. 

Por  GUILLERMO  DESTRUGE, 
DvrectoT  de  TeUgrafo$  y  TeUfimos  de  Ecuador, 

Aun  cuando  el  litoral  del  Ecuador  es  \m  pals  productor  de  maderas  de  calidad 
fluperior,  la  teorla  de  la  Buatituci6n  de  loa  postes  de  madera  con  los  de  hierro,  eetd  ahora 
de  acueido  con  la  pr^tica. 

£1  poste  de  madera  ee  caro  como  soporte  en  lineas  telegr^ficas  y  telefdnicas,  oL  ee 
toma  en  cuenta  el  costo  de  transporte,  por  otra  via  que  no  sea  la  fluvial/  y  tambi^n  si 
Be  considera  su  corta  duraci6n  que  no  puede  pasar  de  15  alios.  Los  postes  de  madera 
eon  atacados  y  destruldos  por  el  fuego  en  comarcas  en  donde  los  agricultores  queman 
la  hierba  en  las  6pocas  de  verano. 

En  el  interior  del  pals,  en  las  planicies  interandinas,  no  existe  sino  un  Arhol  (capull) 
cuya  madera  ofrece  las  cualidades  de  resistencia  mec&nica  y  de  conservaci6n  a  la 
intemperie;  mas  su  longitud  es  tan  reducida  que  lineas  construldas  con  este  material 
e8t4n  fuera  de  las  condicionee  ezigidas  por  la  tunica  y  aun  son  detestables  bajo  el 
punto  de  vista  est^tico.  La  experiencia  nos  ensefia  que  una  Unea  telegrdfica  colocada 
a  poca  altura  del  suelo  est4  expuesta  a  continues  desperfectos  ocasionados  por  los 
traficantes  en  los  caminos. 

No  se  puede,  pues,  considerar  como  instalacidn  permanente  y  definitiva  las  lineas 
telegrificas  construldas  con  postes  de  madera;  son  meramente  elementos  transitorios. 

Sin  embargo,  los  postes  de  madera  poseen  cualidades  que  los  hacen  aptos  para 
reeistir  caigas  excesivas,  imprevistas,  mediante  la  semiflexibilidad  y  elasticidad  que 
poeee  la  madera,  cualidades  adquiridas  por  el  poste  en  el  curso  de  su  vida,  como  ^bol 
sujeto  a  impulse  de  fuerzas  exteriores  que  tuvo  que  reaistir.  Pero  estas  cualidades  se 
obtienen  tambi^n  en  los  postes  de  acero:  la  forma,  la  estructura,  dotan  de  ese  car^ter 
a  las  construcciones  de  acero  para  soportar  lineas  telegr^ficas.  El  poste  de  acero 
recubierto  de  pintura  en  las  regiones  htunedas  y  bajas,  puede  considerarse  como  apoyo 
definitivo  de  lineas  telegrificas.  En  las  regiones  aJtas  de  nuestra  Repdblica  la  oxida- 
ci6n  de  los  metales  es  insignificante  y  pueden  resistir  al  medio  atmosf^co  indeflnida- 
mente. 

En  algunoe  trayectos  de  nuestras  lineas  telegrdficas  tenemos  colocados  postes  tubu- 
lares  de  acero  Mumesmann;  pero  juzgo  que  la  estructura  del  poste  que  ofirece  mayores 
ventajas,  ya  por  la  economla  y  iacilidad  para  el  transporte,  ya  por  la  resistencia 
mecdnica  que  debe  presentar  su  base  triangulada  son  los  de  tipo  "Tripartite." 


PROYECTO  DE  CONYENaON  RADIOTELEGRlFICA  PANAMERICANA. 

Por  JUAN  A.  MARTIN, 
CoTUra-^dmirante  de  la  Armada  Argentina^  y 

EMILIO  E.  DAGASSAN, 
Ingeniero  Elecbrieista  de  la  Armada  Argentina. 

INTBODUCddN. 

En  la  Reptiblica  Argentina,  el  s^vicio  radiotelegr&fico  general  estd  a  cargo  del 
Ministerio  de  Marina  por  razones  de  orden  estrat^co  y  militar,  f&dles  de  alcanzar  y 
que  privan  sobre  todos  los  demds.  Hechas  estas  instalaciones  con  este  fin  y  no  con- 
viniendo  econ6micamente  instalar  dobles  estaciones,  se  pusieron  al  servicio  pdblico 
general,  de  acuerdo  con  las  leyes  vigentes  del  pals,  que  concuerdan  con  las  inter- 
nacionales  sobre  comunicaciones  radiotelegr&ficas,  conservdndoee  bajo  el  control  y 
administraci6n  de  los  Departamentos  Militaree.  Naturalmente  el  de  Marina  tiene  las 
estaciones  de  la  costa  del  mar  y  fluviales  hasta  donde  alcanza  la  navegaci6n  de  buques 
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de  mar.  £1  servicio  actual  se  hace  con  15  estaciones  costeras  y  se  proyecta  la  instala- 
ci6n  de  4  mAs,  tree  de  las  ciiales  estardn  llstas  y  puestas  al  servicio  publico  a  fines  de 
marzo  del  coniente. 

AdemAs,  se  ha  concedido  autorizaci6n  a  una  Compafila  Norte  Americana  jMura  el 
establedmiento  de  una  estacidn  iiltra-poderosa,  deetinada  al  swvicio  intercontinental. 

Los  hechos  de  gu^ra  ociirridos  en  el  mundo  entero,  entre  los  cuales  los  combatea 
navales  cerca  de  las  costas  Patagdnicas  y  el  hecho  de  haber  pretendido  alguno  de  los 
beligerantes  hacer  uso  de  los  puertos  para  bases  acddentales  de  ox>eracioneB  o 
aproviflionamiento,  Mcieron  sentir  la  necesidad  de  aumentar  las  estaciones  y  con- 
firmar  para  nuestra  administracidn  naval  la  necesidad  de  ejercer  el  control  de  eee 
aervido  p(iblico  manteni^dolo  dentro  de  las  pr&cticas  generales,  de  las  conyenci<me8 
realizadas  tanto  las  directas  como  lap  que  responden  a  ideas  humanitarias. 

Esos  fundamentos  y  el  de  no  hahei  se  ratificado  en  todas  partes  la  Convenci6n  Badio- 
telegr&fica  Intemadonal  de  Londres  ni  la  Convenci6n  Intemadonal  para  la  Salva- 
guardia  de  la  Yida  Humana  en  el  Mar,  ban  inspirado  el  presente  proyecto  de  Convencidn 
RadiotelegT^ca  Pan  Americana,  que  salva  dificidtades  sentidas  en  la  i»r&ctica  y  no 
previstas  en  aquellas,  y  se  incorporan  medidas  indispensables  como  son  la  tranamieddn 
de  boletines  meteorol6gicos,  emisi6n  de  sefialee  horarias,  notidas  sobre  los  tiempos 
probables  y  aviso  a  los  nav^;antes.  Se  trata  tambi^  de  la  trannnisi6n  de  notidas  de 
prensa  sobre  acontedmientos  en  el  mundo  entero,  que  existe  como  pr6ctica  en  algunos 
palses  y  que  conviene  se  hagan  regular  y  met6dicamente. 

No  se  ha  dejado  de  considerar  tampoco  la  necesidad  de  mejorar  el  asunto  de  lis 
longitudes  de  ondas  para  los  buques  y  estadones  terrestres,  el  que  en  la  Convenci6n 
Intemacional  de  Londres  ha  side  tratado  en  forma  demaaiado  ambigua  y  en  muehos 
casos  no  realizables  en  la  pr&ctica. 

Adem^,  las  estadones  radiotel^r^cas  de  las  costas  de  mar  pueden  considerarse 
en  analogfa  a  los  faros  como  puntos  de  referenda  para  la  nav^ad6n  universal  y 
fidlmente  adaptables  par  encontrar  la  8ituad6n  de  los  buques;  de  mode  que  es 
Gonveniente  que  todo  pertenezca  a  un  sistema  fijo  y  permanente,  r^do  p<»r  las  mismas 
reglas,  si  fuera  posible. 

La  Reptiblica  Argentina  pone  su  pequefia  experienda,  en  esta  mataria,  al  servicio 
de  las  Naciones  del  continente  Americano,  esperando  que  aquellos  que  ba3ran  pssado 
por  circunstancias  an&logas  la  encuentren  conveniente  y  le  presten  su  apoyo  y  pan 
que  pueda  servir  de  gufa  a  los  demis  si  por  su  situad6n  geogrifica  o  por  otro  acdd^uie 
cualquiera  no  hubieran  adn  tenido  experienda  propia. 

La  cread6n  de  dos  Oficinas  Radiotelegr&ficas  centrales,  una  al  norte  y  otra  al  sur  del 
continente  responde  a  la  idea  de  centralizar  las  comunicaciones  en  los  pimtos  desde 
donde  mds  fddlmente  puedan  irradiar  a  un  grupo  mayor  de  paises  y  de  estadones,  y 
no  es  antag6nica  a  la  de  crear  mayor  ndmero  de  ellas  si  fuera  necesario  o  c6modo. 

TfrULO  1®. 

Abt.  I.  En  las  Nadones  adherentes,  la  superintendenda  del  servido  radiotele- 
grifico  estard  a  cargo  del  Ministerio  de  Marina  o  del  que  la  prdctica  del  pais  encuentre 
m^  conveniente. 

Siendo  6ste  un  servido  pdblico  bajo  el  control  de  los  Gobiemos  de  los  paises  adhe- 
rentes, todas  las  estadones  radiotelegr^cas  construidas  y  las  que  se  pudieran  instalar, 
como  consecuencias  de  concesiones  a  compafLfas  privadas,  estar^  sujetas  en  un  todo 
a  la  jurisdicd6n  de  cada  pais  y  a  sus  leyes  y  ser&n  consid^adas  como  parte  integrants 
de  la  propiedad  del  Estado  aunque  las  compafif  as  puedan  ser  constituidas  por  ci^itales 
extranjeros. 

Abt.  II.  Las  Nadones  adherentes  se  comprometen  a  establecer  en  las  estadones 
ladiotelegrdficas  un  servido  de  transmisi6n  de  la  hora  p<»r  medio  de  "tops"  crono- 
matrices,  de  acuerdo  con  las  prescripdones  de  la  ''Conyend6n  Intemacional  de  la 
Hora"  (Paris  1912). 
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]>8.66tacioB^  ra^iptelcgf^cas  que  den  I09-  "topa'VhpirariQa  )o  harinpor  Jo  faemm 
una  vez  cada  veinte  y  cuatro  horas  y  ser^  arreglados  de  modoque  la.^tima  aefial 
horaria  emitida  corresponda  a  la  horajwt^y  d^bien4o  ^  referi^  al  hv^o  horwrio  ^onee-' 
ppndiente  ^  la  ubicaci^^  de  la  esWcidA  <wiiBpra^       . 

Si  hubiew  doe  0  m^  eetacione?  ^^diotejegrdficaa  mi^y  cenwae  y  p^teinedemteq 
a  Nadones  distintas;  estos  ''tops''  ser&n  eecalonados  de  manera  que  ee  vayan 
ucecUendp  e»  perlodos  repliu^  dp  tiemp^.  . 

Art.  III.  [a  contfti3i^iaci6i?L  del  "top"  borarip  ae  dw^  un  bolejtfi^L  Wt©orol<^ico  qb 
que  aeri  tranamitidp  ep^  Ipoguajp  i^brevifKio  y  dp  i^^Q  ^on  U§  pre^cjfipciwpa  guje 
al  respecto  ae  reglamentar&n. 

El  boletfn  aerd  de  dos  categorlaa,  a  aaboml^.  De  interne  general;  2?,  De  inters 
especial  para  loB  navegantea. 

Art.  IV.  Inmediatamente  despu^  del  boletfn  meteorol^^ico,  ae  transmitir&  con  laa 
l^qgitiid^  d^  pndM  4e(6QQ  i^etfoi  y.]«  4^kw,.el  f'Ai^ 
>  l4^triMiOTMi^a^lwriffilwgttaiejcliaiP>y 

Temipada  h  trai^amiaidatdfl  Aviaaa.lfiajMV^gafi]^  fie  tag^nmwttrtin  losTadioa  via 
"C.G."  silos hubiere ,    •  .    ,      -.^    . 

Abt.  V.  Xa^  w^aip^e^.  iwli^legtfffl»  quQ  oul^*  paiff  conaidar^  Qonrenipiite 
eL9gir>  liTftim^iittB^n  ''^^tixnaa  4e.pT»P9a/^40^  soE^timamiiUdM  loa  c#aoa 

durante  laa  J^ori^  de  k  »OGha  y  cfVi  la, l<mgitu4  de  ^^  qu^.c^  Q^v^pga^ 

Estos  aervicioB  ser^  eeqiAwf^io^.d^  mamemide'^M  iw  baya  inteyfarei^cw  ,^tgre  Jap 
eataoion^rKseroanas.'  .  i   -  -i  ..-.;.-..  ,     .  .    •  •  - ,.  -. 

Art.  V*[.  Laa  estadonea  radiotelegrdficAad»Joa.bu<0ip9  pQ4ffo  ^itajr^eqpiipada^pa^ 
traaami^jw,  i^4en3^deM<»Qi^  iBtffi?>«C^^ 
iQDffLtudca de wdafl;  4$^ jm^wpy  §00! metmii XiOOOmelw^ i,2Q0 mptrpfu  i 

Considi^ranBe  amo  J<niptad^  d^  m»d». .  Aormid. !  dmrf^enta  jUa .  ^guifp^ea:  ^ 
metroa,  800  metroa. 

Zi^  fl^»ci<Hie8  toqtteaEaa  p<Mlj:fo  lemplMur^nvdq^w  l<wM.  ^  m^  qu/a  m^  lea 
cpnvp^j  xie  iMmerdp  ,c<^  te0.4ip^emon^  doJa  n^teQ^pim  ^pdaA  obligadan  a 
aaegurar  un  aervido  de  guardia  en  los  receptorea  con  lua m49iA  df^  9Q(HP0.y  300 
metroa.  <     < 

Art.  VII.  Con  el  objeto  de  sup4mir  la  diferenda  que  existe  entre  laa  ondaa 
(llamadas  de  miama  longitud)  emitida  por  las  estadonea/ cr6aae  un  ''Ondtoetro 
pabrdn"  el  que  pod]:&  siar  calouladp  f^Mynffliite  p<ur  Ifk  iof^w^  d^  jos,  alemeiitQa  qi^  lo 
comj^mm*  JDa  eate  '^OndiinelrQ'?  ae  4eci^xar6n  .todtPf  Icf  dfnn^a  que  ae  ^s^pleaiia 
para  la  sintonizaddn  de  las  eetadonea  pueataa  al  aervido  pdblico  general. 

Art.  Vm»  A  Ipa  ^lecto  d^  la  prflaewte  Ckw^eudiifi  y  con  el  ofcieto  de  f^gulppaar 
loa  aerviclqe  iradiotelegr^UScopiae  <»:efa:te  di^  Ofiduaa  Cenitr^ea  que  ae  4enp^»inarto 
•'OfidnmBa4i<M^!r4fioa^^<^^^^  Sal^C^Scii^eiftartowbicadaai  ub^^q 

los  Estados  Unidos  de  Norte  Am^i|)a,y  teetia^  )^Rep4bU<^Aigqn<u^^ 

S:ataa  pficma  teodiin  poK  tn^j^i  (q)  l^mm^  (ooar^i^f^*  fagtu^i^ir  y  p^blipar 
pa  diM»0r^ativos  a  la  iw^di^tel^gi^lKa,  eomo  tamibi^obaiseF  conoc^  laa  r^rji^m  que 
•e  adopten  y  vigUai  e}  coiBip2n:|deikt^  dp  \^  dlBpcpu^onpe  dp  (af^pis^s^tp  QpnveuddOy 
dete  Ooavm^iikiBadiotelppQ^l^a  4#  J^ppdrpa  y  de  1^  Goi^v^nfs^  Xn,tp^^^  pasa 
la^viaguaidla  de  la  vida  lluBiana  pn  pi  q^ar* 

(6)  Loa  ''Aviaoa  a  loa  Navegantea"  redbidos  telegrdficamente  de  1^  NaciQ|iea 
adb^rentaa,  aer&n.  obmuiuc^dqa  pw  eatfta  ogcioffa^  Ian  pf^tpf  ^itpirpfadap  para  %U0  a 
au  Yez  sean  transmitidas  per  la  via  Adiotp(pgr4^^  Ici^  naviop  f^a^  n^vegupn  p^.fpa 
l«?iaa..  ....-•  '",      ^  1.     ',.    ■     :       '     .^     .  ■  ..    ^     ■    .     ■' 

(fi)  Ia$  notidaar  aoaptepml^aa  4p  eappqi^i  intei^  pfMn^.4cia  s^^vagaAtoe  aei^  comu^ 
iicadaa  alaa  Ofidnaa  Jiadiotele^ifica^  Paa  AinpficaAaa.  poia  que^fp^  paa^daa  a  laa 
Nadonea  adherentea  y  comunicadas  a  loa  navloa  por  la  via  radiotelpgs&fic^ 
.  (i)  Eni(mdaHU>  e^  tod<»  loa  aaraUea  ^  la.iQfi«]^  JiiiteiafMci^na],  de  la  Uni6u  Tele- 
gvftgca  de  Boma  (Seeddn  Badkftelagiificia)^  .^cila^ooa^M  can  laa  Bes^<iblicaa  F^ 
68436— 17— VOL  vi 48 
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Americanaa;  y  de  las  administraciones  de  los  demds  paisee  adherentee  a  la  conveiici<ki 
Radiotelegr&fica  de  Londres. 

(e)  Los  gaatos  ocasionadoB  por  el  envio  de  daspachos  y  correspondencia  sehui  sa- 
fragados  por  cada  pals,  a  eae  efecto,  las  Oficinas  Radlotel^;r&ficajB  Pan  Americanai 
elevar&n  trimeBtralmente  las  correspondientes  planillas  de  gastos  a  las  adininistradoDee 
respectivas. 

La  impreaidn  de  las  publicaciones  que  pueda  originar  la  aplicaci6zi  de  las  diepo- 
fliciones  de  la  presente  convenddn  y  su  reglamentaci6n  ser^  efectuada  por  el  pais  que 
Be  designe  y  redactadas  en  los  idiomas  ingl^,  espafiol  y  portugu^. 

TirULO  2®. 

Organuaddn  del  servido  radiotelegrdfico. 

Abt.  IX.  Todos-  los  servidos  radiotelegr&ficos  dentzo  del  tenitorio  de  cada  NaddD 
adherente  y  las  comunicaciones  intemadonales  hasta  una  distanda  m^yjina  de  1,000 
millas  marinas,  serin  hechos  excliisivamente  por  el  Estado  y  quedan  incorp<»adaB 
al  sistema  que  se  oiganiza  en  este  proyecto  de  Convend6n. 

Art.  X.  El  Gobiemo  de  cada  Nad6n  adherente,  mantiene  en  toda  su  extenaidn  sa 
jurisdicd6n  y  la  adminjstxad6n  e  sus  propias  estadones  y  podri  cerrar  sua  eetadona 
dempre  que  lo  creyera  conveniente  o  intervenir  o  stupender  el  servido  de  las  estadones 
que  haya  concedido  dentzo  del  territorio  de  su  jurisdicd6n. 

Art.  XI.  A  los  efectos  del  Art.  IX,  el  territorio  de  cada  Nad6n  se  dividir&  en  dos 
"zonas":  1.  Zona  maritima;  2.  Zona  terrestre. 

La  Zona  maHtima  comprenderi  todas  las  estadones  radiotelegrificas  que  funcionen 
en  las  aguas  jurisdicdonales  y  de  los  rfos  navegables,  y  a  las  estadones  radiotel^:rificfl0 
que  se  hallen  instaladas  dentro  de  una  zona  no  mayor  de  200  kil6metro6  de  las  coetM 
marltimas. 

La  zona  terrestre  comprende  todas  las  demis  estadones  instaladas  en  el  territorio 
y  que  no  estin  comprendidas  en  la  anterior,  las  que  podrin  quedar  bajo  superinten- 
denda  distinta  a  la  anterior. 

TfTULO  8**. 

Servido  radiotelegrdfico  pilblico  maritimo. 

Art.  XII.  Todo  buque  que  entre  o  saiga  de  puertos  de  las  Nadones  adherentes  con 
veinticinco  o  Tnds  pereonas  a  bordo  inclusive  los  tripulantes,  deberi  Uevar  instaladdn 
radiotelegrdfica. 

Art.  XIII.  Los  aparatos  radiotelegr&ficos  de  los  buques  deber&n  estar  a  cargo  de 
operadores  patentados,  y  tendrin  en  todo  memento  un  alcance  garantido  de  500 
kil6metros  para  los  buques  destinados  a  la  navegacidn  maritima  y  200  kil6metros  par* 
aquelloB  destinados  a  la  nav^;ad6n  fluvial  o  cabotaje. 

Los  buques  cuya  fuente  de  energfa  el^trica  eet4  en  lugar  de  Mcil  paralizaci6n  por 
efecto  de  inundaddn  se  proveerin  de  una  estaddn  de  socorro  con  energfa  propia  7 
de  un  alcance  en  cualquier  memento  no  menor  de  150  kil6meti08  para  los  buques 
claaificados  en  la  primera  cat^orfa  y  de  100  ]dl6metros  para  los  de  segunda  categoHa. 
Esta  estad6n  de  socorro  seri  alimentada  por  una  fuente  de  eneigfa  capaz  de  haceria 
fundonar  durante  seis  horas. 

Si  la  estad6n  normal  llena  las  condidones  de  seguridad  necesarias,  previstas  en  ei 
pirralo  anterior,  la  estaddn  de  socorro,  no  es  obligatoria. 

Art.  XIV.  Los  buques  desde  el  punto  de  vista  radiotel^prifico  se  dividirin  en 
categorfas;  a  saber:  Primera  categoAa. — ^Navfos  cuya  estacidn  radiotelegr&fica  hace 
servido  permanente;  durante  la  navegad6n  y  estadfa  fuera  de  puerto  cerrado  o  ea 
fondeadero  de  rada. 

£st4n  clasificados  en  esta  categorfa  los  buques  '^aparejados"  para  llevar  a  bordo 
25  o  mis  pasajeros.    (a)  Si  ellos  tienen  una  veloddad  media  en  servido  de  15  nudoB 
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o  m^.  (6)  Si  ellofi  tienen  una  velocidad  media  de  12  nudos  o  mas;  y  que  efecttien 
en  el  cuiso  de  su  viaje  una  travesia  de  m^  de  500  miUas  marinaa  entre  doe  eecalaa 
consecutivas.    (c)  En  ambos  casoe  cuando  hacen  la  carrera  por  las  costas  maHtimafl. 

Segunda  oategoria. — ^Buques  cuya  eetacidn  de  a  bordo  tiene  servido  de  duiaci6n 
limitada. 

Est&n  clasificados  en  eeta  categoria  loe  buques  '^aparejadoe''  para  tenw  a  bordo  25 
pasajeroB  o  m^  y  cuya  velocidad  sea  inferior  a  12  nudos. 

Los  buques  de  la  segunda  categoria  deberAn  as^gurar  una  guardia  pennanente 
durante  7  horas  del  dia  y  los  diez  primeros  minutos  despu^s  de  cada  una  de  las  demiis 
horas  del  dia. 

Tercera  categoria.— Buques  ain  horario  detenninado,  y  cuya  eetaddn  no  tiene  clasi- 
ficaci6n  determinada  o  que  no  est&  comprendida  en  las  anteriores. 

Buques  de  pesca  no  obligados  a  efectuar  guardia,  otros  buques  menores  o  que  por 
simple  conveniencia  instalen  aparatos  radiotelegr&ficoe. 

Art.  XV.  El  servicio  de  las  estaciones  radiotelegr&ficas  de  los  buques  clasificados 
en  la  primera  categoria  serd  efectuado  por:  Dos  operadores  de  1*  clase.  Un  es- 
cuchador  patentado,  o  mis  si  fuera  conveniente. 

Los  buques  clasif  cados  en  la  segunda  categoria  asegurar^  su  servicio  de  guardia 
con:  Un  operador  de  1*  o  2*  clase.    Un  escuchador  patentado.  ' 

Los  buques  clasificados  en  la  tercera  categoria,  quedan  ftuniltados  para  llevar  opera- 
dores de  cualquier  clase  o  escuchadores. 

Art.  XV.  El  Capitdn  de  todo  buque  equipado  con  aparatos  de  radiotelegrafia  que 
encontrare  indidos  de  peligros  desconoddos  en  la  ruta,  lo  har&  saber  inmediatamente 
a  los  buques  que  se  encuentren  en  bus  proximidades,  asi  como  tambi^  a  las  autori- 
dades  del  primer  punto  de  la  costa  con  el  cual  pueda  establecer  comunicad6n  radio- 
telegrdfica. 

Toda  autoridad  pliblica  que  redba  esta  clase  de  informadones,  debe  tomar  las 
medidas  que  juzgue  necesarias  para  Uevarlas  al  conocimiento  de  los  interesados. 

Las  estadones  radiotelegr&ficas  llevar&n  un  regiBtro  donde  se  anotar&n  esta  clase  de 
comunicadones. 


PHYSICAL  ASPECTS  OF  RADIOTELEGRAPHY. 

By  JOHN  L.  HOGAN,  Jr. 

Very  soon  after  wire  telegraphy  was  first  accomplished  conditions  were  encoun- 
tered in  which  the  desirability  of  effecting  electrical  signaling  without  connecting 
wires  became  apparent.  Islands  were  to  be  reached  by  telegraph,  and  rivers  were  to 
be  crossed.  It  was  difficult  to  keep  cables  in  operation  in  some  of  these  locations, 
and  some  means  of  eliminating  the  wire  connection  was  therefore  sought.  As  a  result 
of  this  need  there  arose  a  number  of  methods  of  telegraphing  without  wires,  some  of 
which  were  based  on  conduction,  others  on  magnetic  induction,  and  still  others  on 
electrostatic  induction.  It  was  not  at  all  difficult  to  explain  the  operation  of  any  of 
these;  in  the  conduction  system  the  numerous  paths  of  current  through  the  earth  or 
water  could  be  traced  by  imaginary  lines,  and  in  the  induction  systems  the  lines  of 
force  could  be  visualized.  The  physical  mechanism  of  the  transmission  was  as  clear 
to  nearly  all  the  workers  in  the  telegraph  art  of  that  period  as  was  the  mechanism  of 
the  ordinary  wire  tel^^raphy. 

When  radiotel^^raphy  was  introduced,  however,  "wireless"  became  a  mystery  to 
most  people.  Commimication  between  ships  and  from  ship  to  shore  stations  became 
common,  and  the  attention  of  the  public  was  directed  toward  wireless  telegraphy 
more  strongly  than  it  had  been  during  the  lives  of  the  older  systems.  Sdentific 
interest  was  aroused  all  over  the  world  as  a  resuU  of  Marconi's  first  experiments. 
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SdentiBts,  eKigineen,  and  laytiaien  in  idl  tivUicad  covntriM  Attem^>tod  to  du^^ftt^ 
thb  early  appttMtus  ttod  to  «eettm  siiiiilar  ^ff^to.  Not  ttany  of  th«  etpedtaesiten 
uftdentodd  tli«phyfll(»of  i»imtth4yir«r4  «ttompthigi  aad  «liifl  <K)iidition  gav«ri«»to 
n  0eofdt^bmoea  and  techolcaillifefatdre^  a  liij^  part  ctf  ^diidx  it  is  almost  riiocldiig 
to  consider.  Such  conceptions  as  the  operation  of  a  coherer  by  the  imping^  of 
wavM  dlrMlly  tlpon  it,  and  ih»  defloetion  of  wa^es-tKMii  «h«  ^ethdr^  to  the  coherer 
by  means  of  an  elevated  wire^;  'WWd  oaitM  iMo  tlie  »e^  kmgsr  v»V!e  ntdiotel^graph 

iH  length.  Id^is  of  ladiait^-fr^ni  AtUMUu»,  tbe  pnMittotlOft  el  t9»v«»by  im^ttlidire 
spark  diBchaige,  the  r61e  of  the  earth  in  transmission,  etc.,  were  extr^nelhjp  -wgu^. 

'  Oif  <^UMe,  the  gtmenA  nAe  of  itid«ll»it6  and  ^erto&eoins  idete  m-  to  the  i^ftyfeical 
mechanism  of  radiotefogiap^  mm  pf^^n  by  a  f evrnotabki  exo^fpttons.  'Some  -^m 
eatfeiesv  'woriceitiin  titcf  ne^v^  aart  unddiclytodly  hdd  good  <^&|g^»eeris^ta&d  ctoar  phyatal 
conceptions  of  radiotelegraphy,'^fVto  ixt  ^e  eorH^ist  days.  TMr  ttvitings  dmnng  ih$ 
hfw yeaxB  near  1900 pro^ ded&Uely^tbait tlidr >id^as  werecleay;  lir f^t,  the  i^eoords 
of  th&t  tim^  are  Very  f^ilidictttions  bf  the  m«8tal  attitudes  of  tte  numcnhous  penoM 
then  interested  in  radiosignaling.  -     i 

1%^  veil  df  mytfteiy  wh^dh  e&vered  nidio  wcirMngs -almost  ^Mapk^^  was  bc^ 
any  way  lessened  by  commercM  op^iwiions  duri<ig  the  yeaars  which  foUomd  practikaU 
appticatlonA  of  the  new  art.  From  iibout  WH  to  1909  the  entitle  wirelces  art  fell 
into  commercial  disrepute  in  the  United  States,  thitm^  the  i^egiitliiiate^  eonmieraal 
operations  of  t^ventl  notoHotes  <stockH9elling  i^giendies.  TMb  imlen-tunate  conditSon 
undonbt^ly  httd  a  great  Effect  npoi^  tlie  devcaapment  ^  radiotechnokgy,  shice  it 
repelled  -earnest  ^entific  i»v<esdgators. '  ^t  is  prebftble  that  niany^4he  engineering 
p^bl^Ms  ol  radiblMAei^iitiphy  it^ildi'liave  o«!y  been  solved  witbjn  the  p«t  three  or 
four  years  would  have  been  overcome  much  earlier  had  not  wireless  telegH^^iiybeeil 
ftyvibleh^y^x^lolted^oBwnewiafty.        .^ 

Within  the  past  ^e  yean  the  reftHfeation  has  been  growing  that  them  is  essentiidly 
no  treason  why  ]«dio»slegraph:^shd«M  be*  mad«  a  niif«tery.  Fti^of  t^onsse  tme  that 
ultimate  causes  and  ultimate  effects  are,  and  will  probably  remain,  puflskstoall  of  ua; 
nevertheless,  we  do  secure  and  make  use  of  knowledge  concerning  inmiediate  causes 
and  their  effects.  We  collect  information  as  to  what  actions  produce  certain  results, 
and,  by  correlating  these  in  quantitative  systems,  create  our  applications  of  the 
physical  sciences^  r  •,     ;•■,,,.     ;,./  j    .-.^   ,{  ..;■.,..     ;,   :;y;w.i 

Radiotelegraphy  is  now,  and  has  been  for  some  little  time,  at  that  stage  of  its  tech- 
nical development  where  it  can  be  ctoundered  to^otisistof  a  series  of  expected  effects, 
resuUing  U^m  9,  imfj^d  of  cctntr^UsiblQ  causes^  In  oth/er  ^o^  radiotelegraphy  is 
upo&  an  enganeeni^  basU.  It^  instrument^  can  biQ  dfi^ti^gped  to  me^t  vaxipus  needs^ 
a^d  their  op^ratjon  <:m  )^  pf^termined  with  accuracy^  Tbe  physical  natuie  of 
thisse  controllable  causos  is  closely  alMed  wi^  that  oi(  tbe  elwents  of  all  electncai 
qy^ms;  in  fact,  appaiatua  far  iadiotfelc^;raf|hy  <ponasta  mer«^  ol  vaded  aggregationB 
ol  Uie  same  phy^cal  elen^ents  whic)^  ^^  us^  m  aU  braoclves  of  eloctwal  ei^«ering. 

The  scope  of  natural  ph<9qpm<Qi^  made  psQ  of  in  racMotel^r&phy  j^  however,  coa- 
sidevably  greatei;  than  thai  wlUch  o(^p^a  am  a^^^ii^  hranph  of  ordiii^ury  engineering, 
•pio  oioptri^aj  actions  qI  power  te^pi^inifl^^  the  po^JvecBJon.  of  cun?ent  freqnenciea, 
the  p^uliar  cQnditiojM  in  fwuPDaisajon  lines  of  distributed  e^^dTJcal  constats,  the 
ire^  wave^otion  eS^ts  of  radiation,  reflectipn,  refcractbn,  interfer^ocQ,  and  abeccp^ 
tion,,  the.dAUcat;e  engineem^  prpblems  of  small  powers  ^^fih  as  pcciir  in  telephony, 
and  the  physics  of  sound  generation  and  recording  are  by  no  nveaQsaU  of  the  important 
fundamental  actions  involved. , 

Wh^  the  application  to  jadipi^elegr^phy  of  th?  physical  elementB  u^g  these  prin- 
ciplas  is  poQsidered  in  gr^gt^  ,4^tail,  it  is  £ound  that  the  unitsi  are  mfs^cely  those  oi 
e:viery4»y  enginoeriiig.  Xh^  a^^er^!ela|4o]?s  are  pdrh^;}s  jpeculia,i;  tp  t^e  oo^^itio]:^  ol 
rad^otpgnaji^,  but  the  events  «ce  the  sanae,  ,Eadiotelegr^hy,isncier€)y.aQa4)jl$- 
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tional  piactical  syotem  lov  Ihe  CTwnimmlcrtion  of  initelligdiioer  aild  like  all  auoh  sy«« 
tems  depends  fuadamentttlly  npcu  (mly  tiire»  patis,  viz^  amediiiin^of  tnuuniiniony  a 
Bieaiis  to  excite  thia  medium,  and  a  means  lorvfaderviiigtkeezcitatiaB  of  dM  medium. 

These  three  elements  are  preset  in  sU  bomauunidatioa  ignstema^  hx  oidinBiy 
speech,  the  vocal  system  sets  inta  vihratiDa>.  according;  to  a  conientioiiair  dode  called 
a  language,  a  meditim  of  tmnsmiasi^ip  ( whirh  is^  in  thii  cas^v  the  atmttefiherB).  The 
air  vibrations,  like  -other  free  immmi  tsavei  thtongh  space  in  all  direetioiis,  and  are 
interceptod  at  the  receivisg  point  b^  an  dap  and  aadilorjr  system  whidisetranBlata 
tisem  ioto  the  language  •code.  Thus'  in(alligeiioe  maty  br  tiawnnitted-  in  ordinsryr 
conversation  by  the  interaction  of  the  three  fundamental  elements  abo>¥esetr  iittk^ 
In  the  wire  tslegrapb,  the  battery  and  key  ase  the  eseitingBoiiiroer  of  tfeetii^naBailler, 
the  transndssibn  mediimi  is  the  hypotkatical  ethef  onrtonnding  the  line  wire  whidh 
guides  the  rieotromagnetic  poises- ta  the  -  oeoeinrcej  and  -  Ike  final  eleneni'  isf  the  tslof 
graph  soimder  which  magoetkaUy vbsirveB  UbiBmSeistB  pisduoed  Ify  tile  tcBflBsmitbw. 
Similarly,  in  the  teiepfaonei,  <he  enrreisfas  areprtbsiiiu^dreire  an  lassparahle.pavl  of 
the  electDomagnetic  disturfaanee*  prednosd  by  the  ciomhined;  aotamk  ef>  tins  tianshtitting 
battery  and  modulating  mieropfacma;  these  Toioe^rtMiriuiated  (fietprbances  and  tbsif 
accompanying  currents  axe  ofaswved  maghetioatty  by  the  ielephene  faoeivBr  at  >th# 
distant  station.  , 

InradioteJegraphythethxeefiHKlfloiailtalpllydQri  The 

medium  of  transnusBtooi  is  tie  same^  Inannifetoua  etinr  wikkh  is  sasuaMd  ^  easry 
Hg^  -vibratioiiB  throuc^  splteei  <  Tbe  Infidaddttor  nuiy  icensist  ol  atxyoie  of  a  hsg^ 
number  of  farms  of  appacatua  wtdeh  will  aatvd  ta  vibrate  this  ether  of  space,  accovdsag 
to  atnae  preananged  ootie.  T3ie  lac^tver^  lihenRias^  nUiy  b^  any  one  of  ma&y  types  ot 
instniment  i^di  will  serve  to  didtaot  ether  y^kmAdoa  uaA  t»  produoe  aQ^preciable 
effects,  dependent  in  eoounence  or  vigor  upon  the  inlSBsity  of  ^  ether  vibrati^De. 

In  the  first  transildtters  for  radio  a  spark  gap  was  connected  across  the  seeondMry 
tenmnals  of  atn  induction  cotl,  oae  side  of  the  sperfc  gap  waa  oaanected  to  earth,  and 
the  other  side  to  an  elevated  insulatwl'  conchuet^.  Upon  etaieh  interm^on  of  j^be 
coil's  primary  circuit  a  sui^s  odE  potential  developed  in  the  aeoendaryaad  charged  thd 
elevated  wire  to  a  definite  pottotiid  withflespeet  to  theeaith,  so  stonnginiit  adefimte 
amottnt  of  energy  depending  tipon  the  veHagD  and  eapaoitiy  el  th^  systen^  U  the 
spark  gap  was  suifiaetatiy  nairow,  the  potetatial  wtHi^  reaoh  a  point  m<ira  thaQLeSeviriil 
to  rupture  the  air  beseem  ^electrodes,  and  the  eaergy  wh^eh  had  bcieA  stored  in 
the  aerial  wire  would  diadiai^s  across  the  spax^  gap  in.  a:mpMJiy  damped  esoiUaticmi 
that  is  to  say,  during  the  instant  eC  passing  ol  the  epa^  a  couatantly  deiQ09asii]|g  altei> 
nating  currrat  of  v«ry  h^h  fiBquenoy  would  en^t  in  the  aerial  wire*  The  frequency 
of  this  alternating  current  is, dependent. upon  the  oapacity  and  induptanoe  of  the 
antenna  system,  and  it  wae  fiooa  foutid  that  by  insertiiiig  lumjisd  inductaiuse  tA  tha 
base  of  the  antenna  the  frequency  oloKillatmeould  be  rBduceda^la^r  as  d^^  It 
was  also  found  that  if  isistead  ol  chaigilaKg  the  antenna  aed  sdlodping  it  to  discharge 
directly  across  a  spark  gap;  a  eond^nser  m  a  separate,  eircwt  weije  charged  ^d 
allowed  to  discharge  tteou^  an  induetataoQ,  thiecoil  m^ht  be  magneticaUy  C9upled 
to  the  antenna  system  and  would,  if  the  otupf^y  and  i»duqtanee  Tftoitions  wer^ 
corcectly  adjusted,  produpe  a  m(se  inteiBee  and  less  sapidly  decadent  hj^^fn^qjuenicy 
cmrent  in  ^  aerial  wile. 

It  was  also  found  possible  togenorate  high^lfoquency  aiternatii^  curr^ts  direcUy 
in  the  antenna,  system  by  inclMin^  that  ae  part  ^theiWCttitMiwlied£i^ 
hig^-frequency  alternator.  This  arrangement  results  in  an  al;polutQly  .uniioiVQ.  ^w  of 
high-fr»quency  ipuvemt  in  ik»  a^tensfa  system^  so>  long  a9  ^  aJlt^mator  is  pg^nected 
and  in  operation  and.,  lor  l(mg4}Sta9oe  Uanswissjion^  is  now,  prefer^  over  all  othcir 
^^pes-of  sender*  ■■   >  ■         r.-.  •...,<.-.-,.,,  j.  j    ..;. .  ..  -i 

The  efeet  ol  jmy  atop#ia[^^^guw»ji%)afiy  can4v^9?f  ia  to  pr9diii<fa  in  the  ether 
about  it  interlinked  xa«gnet»0iaBd,fltatjk|fie]^,,  Tb4s^l»}4^iwbairlt.raYersQ,  expand^ 
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and  contract  according  to  the  variations  in  directicm  and  intensity  of  the  current  in 
the  conductor.  If  the  frequency  of  the  current  becomes  high,  say,  beycmd  20,000 
cycles  of  alternation  per  second,  a  large  part  of  its  energy  is  sent  off  into  space  as 
electromagnetic  waves,  which  always  have  the  same  frequency  as  the  current.  If, 
as  in  a  radiotelegraph  antenna,  the  conductor  carrying  the  high-frequency  current  is 
partly  or  wholly  vertical  and  has  the  lower  end  connected  to  ground,  the  electro- 
magnetic waves  which  are  sent  off  will  have  inseparably  associated  with  them  alter- 
nating currents  in  the  sur&M3e  of  the  earth.  The  waves  will  spread  in  all  directioDS 
from  the  transmitting  aerial,  but  will  always  have  their  bases  terminating  upon  the 
earth's  6iir&u». 

It  is  a  physical  property  of  such  traveling  electromagnetic  waves  that  they  set  up 
alternating  currents  of  their  own  frequency  in  any  canductars  upon  which  they  im- 
pinge. If  we  project  into  the  air  an  antenna  system  consisting  of  a  number  of  wires 
and  connect  the  lower  end  of  this  aerial  to  the  ground  (perhaps  through  a  suitable 
observing  instrument),  the  electromagnetic  waves  which  arrive  at  this  structure  will 
set  up  in  it  alternating  currents.  If  these  currents  are  sufficiently  intense  their  pne- 
ence  may  be  detected  by  the  indication  on  a  thermoammeter  placed  in  series  at  the 
base  of  the  aerial  wires;  if,  as  is  common  in  radio  receiving  stations,  their  amplitude 
is  quite  small,  some  more  delicate  receiver  wiU  be  necessary  to  indicate  their  presence. 
Obviously,  if  this  receiver  is  of  such  form  that  it  gives  a  visible  or  audible  signal  to 
show  the  time  of  beginning  and  cessation  of  the  arrival  of  electromagnetic  waves,  it 
may  be  associated  with  a  distant  controllable  transmitter  for  the  purpose  of  communi- 
cation. Any  convenient  code  of  signals  may  be  used;  for  instance,  that  devised  for 
use  on  the  Morse  telegraph.  To  transmit  actual  messages  then  it  is  only  necessary 
to  set  up  short  and  long  series  of  waves,  corresponding  to  dots  and  dashes,  and,  at  the 
receiver,  to  produce  short  and  long  effects  in  accordance  with  these  shcHt  and  long 
series  of  waves.  * 

The  receivers  originally  used  were  very  crude  and  usually  consisted  of  imperfect 
contacts,  which  were  adjusted  to  be  just  on  the  point  of  closing.  The  strong  voltage 
impulse  set  up  in  an  aerial  system  by  a  powerful  arriving  wave  was  conveyed  to 
the  terminals  of  such  a  loose  contact  instrument,  or  coherer,  and  was  usually  enough 
to  complete  the  closure  of  a  battery  and  relay  circuit,  also  connected  across  the  coherer 
terminals.  After  the  receipt  of  «tch  signal  this  device  required  mechanical  or  other 
agitation  in  order  to  break  its  internal  circuit  and  to  prepare  it  to  indicate  another  sig- 
nal. In  this  type  of  apparatus  the  intensity  of  the  first  impulse  received  was  of  the 
greatest  importance,  and  the  operation  was  not  aided  in  any  way  by  waves  received 
after  the  first  strong  disturbance.  It  was  soon  found  that  greater  final  sensitiveness 
could  be  secured  by  using  thermal  or  electrolytic  receivers,  which  in  effect  rectified 
and  added  together  the  small  currents  produced  by  each  individual  wave  of  a  signal 
and  gave  a  cumulative  indication  on  some  instrument,  such  as  a  telephone.  Prac» 
tical  firm-contact,  solid  rectifiers  were  later  discovered,  which  acted  upon  the  cumu- 
lative and  proportional  principle,  and  also  produced  indications  by  conversion  of  the 
high-frequency  antenna  currents  into  pulsating  currents  which  could  operate  a  tele- 
phone. Still  later  such  vacuum  tube  rectifiers  as  the  audion,  which  combines  unidi- 
rectional conductivity  and  amplifying  action,  and  thus  gives  great  sensitivenesB, 
were  developed.  In  connection  with  ordinary  spark  transmission  all  these  receivers 
have  proved  useful;  for  operation  with  the  continuous  waves  produced  by  direct 
operation  of  the  high-frequency  alternator,  other  and  more  complicated  forms  of 
receiver  have  been  devised. 

Electromagnetic  waves  produced  by  radiotelegraph  transmittOTs  are  not  the  only 
disturbances  which  vibrate  the  medium  of  transmission  which  we  call  the  ether. 
This  same  hypothetical  body  conveys  those  extremely  rapid  vibrations  which  pro- 
duce the  sensation  of  Light  and  those,  somewhat  lower  in  frequency,  known  as  radiant 
heat.    The  range  of  vibration  frequencies  for  these  two  classes  of  electromagnetic 
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waves  lies  well  above  10,000,000,000  per  second,  and  hence  they  produce  no  effect  upon 
radiotelegraph  receiving  stations.  The  wave  frequencies  used  in  wireless  telegraphy 
are  in  general  from  1,000,000  down  to  as  low  as  20,000  per  second.  Even  within  thhi 
range,  however,  there  are  natural  ether  waves,  caused  by  various  forms  of  electrical 
disturbances  in  nature,  which  produce,  unfortunately,  violent  effects  at  radiotele- 
graphic  receivers.  The  natura^  atmospheric  electrical  disturbances  may  be  divided 
into  two  main  classes — ^thoee  px^uced  by  "static"  and  those  produced  by  " strays. '< 
Static  effects  appear  in  general  as  currents  flowing  between  the  aerial  system  and  earth 
as  a  result  of  the  dischaiige  into  the  antenna  of  the  electrification  of  dust  and  moisture 
particles  drifting  through  the  atmosphere.  Ordinarily  these  discharges  create  little 
or  no  difficulty  in  radiotelegraphy,  and  they  are  usually  not  concerned  with  electro- 
magnetic radiation,  except  when  they  are  sufficiently  violent  to  set  up  waves  traveling 
outward  from  conductors  in  which  they  pass  to  earth.  Strays,  however,  are  looked 
upon  as  electromagnetic  impulses  (often  of  great  violence),  which  are  set  up  in  the 
ether  by  some  distant  and  usually  powerful  natural  electrical  dischaige.  These 
heavy  impulses  ordinarily  produce  in  receiving  aerials  damped  alternating  currents 
of  the  tuned  frequency  of  the  aerial  wire  system. 

In  order  to  appreciate  more  fully  the  practical  interlinkage  of  these  various  phys- 
ical characteristics,  it  is  desirable  to  consider  a  little  more  closely  what  occurs  during 
the  operation  of  Uie  several  main  types  of  transmitting  and  receiving  apparatus. 
In  the  plain  aerial  instrument  of  figure  1  the  total  antenna  resistance  is  very  large, 
and  as  a  result  only  a  few  electrical  oscillations  take  place  before  the  amplitude  of 
the  high-frequency  current  reaches  a  practical  zero.  A  discharge  of  this  sort  ie  shown 
in  figure  9,  which  plots  antenna  oscillating  current  against  time.  Assuming  the 
aerial  to  be  250  feet  in  height,  the  frequency  of  the  oscillating  current  will  be  about 
750,000  per  second  and  the  length  of  the  radiated  wave  about  400  meters.  When 
series  inductance  is  inserted,  as  in  figure  2,  the  wave  length  and  persistence  of  the 
eyBtem  are  increased,  and  the  discharge  is  more  nearly  that  represented  in  figure  10. 
Aflmirning  the  Same  aerial  and  a  loading  inductance  of  0.5  niillihenry,  the  frequency 
is  decreased  to  330,000  per  second,  which  makes  the  radiated  wave  length  about  900 
meters.  If  the  coupled  circuit  of  figure  3  is  used,  the  oscillating  currents  in  the  closed 
circuit  X  induce  similar  oscillating  currents  in  the  open  circuit  Y;  these  two  con- 
denser circuits  are  adjusted  to  have  practically  the  same  natural  period  of  vibration. 
The  antenna  ciurent  in  this  case  is  still  less  strongly  damped  and,  when  the  spark 
gap  circuit  is  properly  designed,  may  be  represented  by  the  graph  of  figure  11.  It 
will  be  noted  that  the  persistence  of  antenna  current  increases  in  each  of  the  sue* 
cessive  types,  and  that  in  figure  11  the  decrement  (an  indication  of  the  rate  of  ampli- 
tude decrease  with  time)  is  comparatively  small.  For  the  sustained  wave  alternator 
sender  of  figure  4  thd  radio  frequency  current  has  a  constant  amplitude,  as  shown 
in  figure  12,  and  the  decrement  is  therefore  zero.  These  last  four  figures,  9  to  12, 
inclusive,  represent  not  only  the  amplitude  variation  with  time  of  the  current  in 
the  antenna,  but  also  that  of  the  electromagnetic  wave  in  space.  This  wave  upon 
reaching  a  receiving  aerial  sets  up  in  it  currents  of  identical  frequency  and  a  somewhat 
greater  decrement,  the  latter  depending  upon  the  constants  of  the  receiving  apparatus. 

The  illustrative  receiver  of  figure  7  is  shown  as  comprising  an  antenna,  an  inductance 
coil,  and  a  thermoanmieter  connected  in  series  to  earth.  These  elements  form  an 
oscillating  electrical  system  having  a  definite  resonant  period  dependent  upon  its 
capacity  and  inductance.  The  effective  sharpness  of  resonance  in  the  circuit  will 
depend  upon  the  persistence  of  the  incoming  wave  and  the  resistance  of  the  receiver 
as  a  whole.  Greatest  selectivity  is  secured  when  the  receiver  resistance  and  the 
decrement  of  the  incoming  waves  are  a  minimum.  Evidently  the  later  types  of 
transmitter,  having  a  maximum  persistence,  give  the  greatest  freedom  from  inter- 
ference between  stations.    Receivers  designed  for  continuous  waves  are  in  general 
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least  affected  by  impalsive  dlsturbknces;  therefore,  the  harmful  etf^ts  of  fltrftye  or 
atmospherics  are  mimmized  when  this  type  of  apparatus  is  used. 

A  modem  form  of  receiver  for  grouped-wave  operation  is  dio^  In  fi^tei  iS;  and 
consists  of  an  antenna  and  ground  having  connoted  between  them  Citable  induc- 
tances to  make  the  resonant  period  of  the  aerial  system  agree  witt^  that  df  Ae  fncotning 
wave.  Magnetically  linked  1x)  on6  of  the  antennisi  indudt^e  coi^  is  a  secbiidarT 
coil  I«3.  This  secondary  has  connected  across  its  terminals  a  condenser  C|,  which 
permits  the  resonant  period  of  th^  clo8e<i  circuit  3t  to  be  brought  into  accord  with  that 
of  the  incoming  wave  ^nd  the  antenna  system,  fhe  ra)^i(^y  Idt^eirniiLiing  potentlali 
developed  across  the  condenser  Ci  are  applied  achi^  the  >ectif^ng  <l6te(dtor  *R  ahd 
condenser  C^,  and,  because  o^  ihe  sissymmetric  resistance  charadWi^c  dt  ihe  detector 
E,  the  condenser  0  is  cliaiged  ^n  end  direction  dtirlljg  tke  receipt  bt  d  WaVe  tadn. 
The  chaige  which  it  t$kes  is  th6n  dischai^ged  thtou^h  m^  telephone  T  iM  |bodttcei 
a  movement  of  t^e  dXaphragih.  ^      ,  i       >       -     • 

The  operation  of  the  entire  ^tismittlng  system  tnay  Wi'oUle  hiorid  6l€^t>y  ^<eferetM 
to  figure  14.  Here  the  kxls  T  iftiows  the  decon<jii^  i^hiiiEtf  dfttie  jkit^lMliflJ^^ 
at  the  transmitting  station^  plptted  a^inst  time!  Assnmilig  '4  tr^iei^cf  bf  ItOiO  c^c^ 
per  second,  which  Is  comii^on  fop  spiirk  telegraphy,  the  tr^iiivkittiiig  doniYehsef  i« 
chaiged  first  in  oniB  difectioii  and*  th^n  ih  the  oth^r.  at  SnteMls  b^l/lMb  of  M'liecoiid. 
At  the  instant  of  chaise  to  matixnuni  pbtenti^,  indicated  b^  th6  TeirtJi*ia  liiiMi.  ^e 
condenser  discharges  aqross  the  ^piAtt  gap  (see  6g:  S),  tiith  oscfOiittdiifc,  ab'  AaWh  <^ 
the  Q  axis  of  figure  14.  These  oscilliiting  currents  h^vd  &  freqtiency dependent  v^poh 
the  capacity  and  inductance  of  the  clod^  cih:iiit  %  &tid  tbt  t^  gm|)h  9te  iaeanaiei 
to  oscillate  at  25,000  cycles  pe^  ^otid,  corresjpohdltig  tb  iL  f^,(ltdO-tnbt^  waY«.  Hie 
wave  train  is  quite  persisteht,  consisting  6t  some  SO  bsdiil^t^n!s  before  i^^k^hlng  m 
small  value,  and  t'hereford  last^  f otr  about  0.66076  second.  tSimh  grou^  of  oblations 
follow  each  other  at  intervals  of  I/IOOO  of  ft  eecond;  when  r^peAt^d  fbr  ^itdi  condenser 
dischaige,  they  result  in  practicalljl^  ideiitical  currents  in  l!he  anteiina  tiitWir Y,  prac- 
tically identical  waves  In  the  ethet  between  sender  and  tecehrw,' an<i  ptacticilfy 
identical  currents  in  the  rfecoiving  antenna  circuit  and  in  the  receiver 'fe  cld^tio^cnxt 
X.  This  s&me  graph,  ^Idng  th^  Q  axis  of  figurd  14,  repres^t^  1h^  alternathig  i'blii^ 
impressed  acrosB  the  det^tor  XI  and  conden^r  (^;  the  cnrrent  thrbugh  th^  r^ctSSfet 
is  indicated  by  the  half  waves  shoVn  on  th^  It  a^  of  figjure  14.  These  dhai^  ttie 
condenser  which  discharges  thr(High  the  telephone  in  cufrent  pnlsbs  stidi  as  sho^wh  at^ 
.  one  pulse  for  each  group  of  Waves.  If  the  transniltting  sparks  occtit  l,itK)d' titter  per 
second,  1,000  current  pulses  pass  through  the  telephone  windings  fn  1  secbhd,  lUiA 
the  telephone  gives  oif^  a  tone  having  a  soiind  fteqilency  of  1,000  per  sbcon^;  of  cone- 
spending  approximately  to  the  second  C  above  middle  C  oh  flie  mu^cal  dcale.  *  By 
holding  the  sending  key  down  for  a  fdlort  time,  s^y  one-twetitieth  of  a  second;  SE^t^ 
these  wave  groups  are  sent  out,  a  short  tone  is  heahl  in  thiei  tetepliene  Tecelv^,  andm 
Morse  dot  is  signaled.  By  hoMng  the  key  dowii  approximatefy  ihiee  times  ^  loffug, 
150  trains  are  emitted,  a  longer  tone  is  heard  In  die  receiver,  ahd  a  Mcirse  dasfa  is 
indicated.  Thus  short  and  long  pressures  6f  the  &ey  at  tiie  transmitting  statibh  mty 
be  translated,  according  to  the  Morse  code,  at  the  distant  redeSvir:'         ' 

The  above  explanation  applies  to  any  of  the  grouped-wavd  trahkniittere,  and  ^ows 
how  a  tone  is  produced  at  the  receiving  station,  tf  the  w&ve  trains  are  itnilbrmly 
e^aced,  and  occur  at  a  faii^Iy  high  ratd,  tfae  fest>eiide  of  &e  tele^dnes'ti  nifoiEScai;'  U 
the  sparks  are  irregular  in  odpurrenc**,  hlssy  dt  scrdtchy  sounds  Will  be  prodiibed  f  li 
the  telephone.  Atmospheric  imptilses  or  irtegtila^  disturbances  df  iny  sort  ptoAkH 
such  irregular  sounds;  therefore, '  b^  mikfng  the  spark  rate  high  and  dedhitfe'.  It  fs 
possible  for  the  receiving  operator  to  distinguish  easily  betweetf  the  niH]8teMi''B!^:ii)fcl 
tone,  carrying  the  message  which  lid  desires  to  interpret,  aAti  'the  ihtjirf^rtiy  ndSM 
from  strays.  This  method  of  reducing  the'  diktutbing  effects  of  atillo^ Aid'  hiW  btfett 
found  in  practice  to  be  most  effective. 
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When  Bufitftlxied  waves  ar^  emitted,  as  by  the  transmitter  of  fig:uTe  4,  the  stream  bi 
cnn^nt  in  the  antenna  i^  ordinarily  constant  and  unifdrm  dnring  the  times  the  key  is 
held  down.  At  the  receiver  there  is  Consequently  no  tone  effect,  such  as  that  just 
described,  uiless  an  inttoupter  oir  its  equivalent  is  placed  in  some  one  of  the  circuits. 
A  rotary  circuit  breaker  may  be  placed  in  series  with  the  antenna  at  the  transmitted', 
ot  %i  the  receiver,  an^  will  i)r6duce  sb  action  indicated  in  figuro  15.  In  these  graphs 
the  sustained  radio  frequency  Current,  of  2S,o6o  cydes  p^  second,  16  t&own  along  thi 
axifei  T: '  At  TJ  it  is  shqWh  broken  up  into  groups  succeeding  each  ottief  at  the  rate  of 
1,000  per  second.  Thift  gfaph  i-epreseuts^  the  potentiate  which  are  applied  td 
the  d^tedtor  R  in  ffgure  13,  ahd  Whidi  t^stilt  fh  rectifi^  potentials  eldch  ili  shown'  on 
ajd^  V,  and  pnlsaitin^  l^urrents  through  the  telephone  winding  as  shbWil  on  ^^:ids  W. 
Morse  signaling  is  effected  by  short  and  long  pressures  of  the  key,  as  before.  ^WH 
interhipter  method  of  usmg  stistiainiBd  wives  ^v^  a  pu^  not©  in  hic^ivhig,  but  ts  not 
notably  efficient.  A  soinewhkt  aniildgbuS  inteirapter  m^hbd  of  deceiving  sui^Miick 
Wavcis  involves  the  use  of  a  rapidly  vibtating  contact  called  i  tfcker,  at  the  r^ceiyini 
statfon;  this  contactor  replaces  th^  rectifier  R,  in  figure  13,  and  operates  (^mte 
sensitively.  It  does  not  produce  a  musicid  tone  in  the  telephone,  however,  arid  b6 
tfelfegraphy  in  which  it  is  used  is  unnecessarily  subject  to  interrUptiori  because  6^ 
atmosjieric  interference. 

The  most  satisfaictOry  method  of  receiviiig  sustained  waves  doei  away  with  all  inter- 
rupters and  vibrating  contacts,  and  produces  pure  musical  si^ial  tones  hy  th^  intelr- 
actioh  of  two  radiofrequency  altiemating  currtents  or  potentials.  The  apparatus  Which 
iii  used  in  the  preferred  fbnn  of  this  heterodyne  receiver  is  rihoWn  in  figure  Iff,  whdri 
the  left  hand  side  represents  the  ordinary  receiver  as  shown  in  figure  18,  havihg  added 
to  it,  however,  a  generator  of  feeble  hi^  frequency  currents  in  the  circuit  P,  0,  H. 
It  is  a  well-known  physical  principle  that  the  addition  of  sirie  waves  of  Slightly 
diSfetent  frequencies  results  in  a  composite  wave  of  a  meah  frequency"  whidi  varies 
in  amplitude  periodically  at  a  rate  equal  to  the  numerical  difference  in  the  component 
frequencies.  The  musical  beats  noted  in  the  tuning  together  of  mandolin  string^; 
and  the  fiid^ering  of  synchronizing  lamps  in  power  generating  stations,  are  fiEimiliar 
examples  of  beats  occurring  according  to  this  principle.  The  application  to  r&dii 
receivers  becomes  clear  ham  si  reference  to  figure  17.  Here  the  antenna  curreni 
generated  by  the  incoming  sustained  wave  is  indicated  along  the  A  axis.  The  curreni 
produced  in  the  receiving  antenna  system  by  the  local  generator,  having  a  riightly 
different  freqiiehcy,  is  shown  along  the  B  axis.  These  currents  add  together  alge^ 
braically,  and,  by  their  interference,  produce  beats  lit  a  rate  equal  to  the  difference 
between  them,  as  shown  along  the  0  axis.  If  the  incomirig  wave  is  of  frequency 
100,000  per  second  and  the  locally  generated  current  is  of  frequency  101,000,  the  beit 
JErequency  is  1,000  per  seeond,  the  numerical  difference  of  the  cotiiponents. 

Referring  to  figure  18,  the  graph  along  the  C  axis  may  be  taken  Ui  represent  the 
potentitds  applied  across  the  detector  L  of  figure  16;  these  are  rectified  as  shown  on  the 
D  axis,  figure  18,  and  result  in  current  pulses  at  the  rate  of  1,000  per  second,  pasEdn^ 
throrigh  the  telephones,  as  shown  by  axis  E .  In  this  heterodyne  receiver  the  reipohse 
depends  upbn  the  interaction  of  two  sustained  ttidio  frequency  curtent^,  arid  is  ite 
maiimumi  wheri  both  of  these  are  of  zero  decrement.  The  signal  tone  is  pvbtefy  musical, 
dtid  may  be  varied  in  pitch  to  any  point  desired  merely  by  altering  sHghtiy  the  M- 
tjuency  df  the  local  oscillator.  The  circuits  used  hare  derfgned  formaxlinnrin  effect  ^t 
t^e  maxiintriri  ^ersi^nbe,  sirice  they  depend  for  their  action  ripon  iweipt  of  sUstadiie^ 
^ves.  These  three  point*  fcoopeilite  to  eliiriinate  largely  difeturbances^  due  to  UtrAyif; 
arid  by  taking  advariiage  offlie  three  features  it  iias  been  found  possible  to  secur* 
the  riikitiriirim  freeddtri  frorii  intc^rtiptioii  by  atmospherics. 

Efetvitig  icdtisidetcd  ttie  qiteflittttiVe  phyWcal  *elatidrii  irivolted  iripi*ctieal  *adW- 
teie^tjhy,' «ome  ^tri^e*  of  the  quarititative  studj^  iriat^  new  be  outfined.  Before 
'Oils  li  done,  howevei',  %  ie  desih^le  to  detertnfne  what  reqiitretnente  iriufet  be  met  by 
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radio  in  order  to  give  commercial  service.  There  are,  of  course,  all  d^;rees  of  "com- 
mercial "  service;  radio  should  be  expected,  however,  to  perform  as  well  or  better  than 
a  wire  telegraph  or  submarine  cable  could  if  it  interconnected  the  points  served  by 
the  wireless  stations.  Operation  of  this  character  may  be  expected  if  the  following 
main  requirements  are  met: 

1.  The  stations  should  be  duplexed,  so  that  messages  may  be  sent  in  both  direc- 
tions at  the  same  time  in  order  to  save  delays  enforced  by  simplex  sending. 

2.  Spare  transmitting  and  receiving  apparatus  should  be  installed,  and  the  units 
should  be  so  designed  that  24  hour  operation  can  be  furnished. 

3.  The  received  signal  should  be  musical,  and  of  intensity  sufficient  to  permit 
the  operator  to  copy  messages  directly  upon  a  typewriter,  day  or  night,  wint^*  or 
summer. 

Taking  these  up  in  order,  it  is  evident  that  duplex  transmission  can  be  e£rected  if 
the  two  senders  operate  on  somewhat  different  wave  lengths  and  if  at  each  end  of  the 
link  the  transmitter  and  receiver  use  well  separated  antennae.  Referring  to  figure 
19,  if  A  and  B  represent  transmitters  at  New  York  and  San  Juan,  Porto  Rico,  1,400 
miles  apart,  A  and  B  may  be  considered  to  send  on  wave  lengths  of  5,000  and  6,000 
meters,  respectively.  If,  then,  about  15  miles  from  each  of  the  transmitters,  there  is 
installed  a  receiving  station,  it  will  be  possible  for  the  receiver  a,  near  New  York,  to 
copy  signals  from  the  San  Juan  transmitter  B  on  a  wave  length  of  6,000  meters  with- 
out interference  from  the  local  transmitter  A.  Simultaneously  the  Porto  Rican 
receiving  station  b  will  be  able  to  read  messages  from  New  York  A  on  5,000  metera, 
without  interference  from  B.  By  making  a  and  b  the  operating  stations  and  con- 
trolling the  transmitters  at  A  and  B  by  relays  operated  through  land  lines  from  the 
operating  to  the  power  stations,  genuine  duplex  transmission  can  be  effected. 

As  to  the  second  point,  reliance  must  be  placed  entirely  upon  the  designers  of  the 
apparatus  to  be  used.  Only  such  instruments  should  be  installed  as  have  given  evi- 
dence of  their  ability  to  perform  satisfactorily  over  long  periods  without  undue  atten- 
tion from  experts.  ^ 

Intensity  of  received  signals,  the  third  point  above,  is  to  be  secured  in  several  dif- 
ferent ways.  It  has  been  demonstrated,  however,  that  the  use  of  very  sensitive  de- 
tectors or  amplifiers  can  not  be  depended  upon  for  the  reason  that  atmospheric  dis- 
turbances are  magnified  as  much  or  more  than  the  desired  signals.  In  the  absence 
of  severe  static  disturbances,  it  is  possible  to  signal  over  long  distances  with  small 
transmitted  power,  by  using  intensifying  and  extremely  delicate  receiving  instru- 
ments. However,  such  apparatus  is  not  satisfactory  for  conmierdal  radiotelegiaphic 
service,  in  the  present  development  of  the  art,  for  the  reason  that  even  moderate 
static  interference  will  overwhelm  the  sensitive  receiving  apparatus  and  make  trans- 
lation of  messages  impossible.  It  is  therefore  necessary  to  install  transmitters  of 
sufficient  power  to  produce  an  easily  readable  signal  with  receivers  of  moderate  sen* 
sitiveness  and  rugged  characteristics.  Reduction  of  static  is  effected  by  taking 
advantage  of  persistence  selection  and  musical  tone,  as  outlined  above. 

The  niunerical  relations  between  the  elements  which  govern  certain  of  the  above 
stated  requirements  have  been  the  subject  of  many  researches  from  almost  the  firat 
years  of  radiotel^raphic  practice.  A  great  many  experiments  have  been  made  to 
interrelate  the  several  variables,  and  as  a  result  there  have  been  deduced  some  quite 
well  verified  relations  between  transmitted  power,  antenna  height,  wave  length, 
distance,  and  audible  intensity  of  received  signals  on  various  types  of  receiver.  Such 
numerical  data  are,  of  coiuse,  an  essential  for  tiie  predetermination  of  station  constants 
to  meet  specific  requirements.  Without  going  into  great  detail,  it  may  be  stated 
that  if  a  current  of  100  microamperes  is  set  up  in  the  receiving  antenna  by  the  incom- 
ing signal-carrying  wave,  a  sufficiently  loud  response  will  be  had,  on  the  heterodyne 
receiver,  to  permit  separation  of  the  signals  from  severe  atmospheric  disturbances; 
although  it  is  true  that  occasionally,  when  lightning  storms  are  near,  strays  will  be- 
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come  SO  violent  that  150  microamperes  or  perhaps  even  more  would  be  desirable. 
Practical  operation,  in  the  absence  of  static,  can  be  carried  on  with  perhaps  one- 
tenth  this  antenna  current,  but  the  additional  signal  intensity  should  be  available 
if  really  commercial  service  is  to  be  secured.  As  a  result  of  long  trials  made  jointly 
by  the  United  States  Navy  and  the  National  Electric  Signaling  Co.  in  1910,  1911, 
1913,  and  later,*  the  following  expression  has  been  quite  well  confirmed: 

0M74d 


Where  If  equals  receiving  antenna  current  in  microamperes  (through  25  ohms,  a 
fair  receiver  effective  resistance),  Ig  equals  sending  antenna  current  in  amperes,  ^ 
and  ^2  equal  sending  and  receiving  antenna  effective  heights  in  feet.  X  equals  wave 
length  in  meters,  and  d  equals  distance  of  transmiasion  in  kilometers.  The  constants 
392  and  0.0474  are  reasonably  accurate  for  dayli^t  transmission  over  sea  water  or 
almost  perfect  ground ;  for  night  time  transmission  signals  are  almost  invariably  louder 
than  indicated  by  the  mathematical  expression. 

It  has  been  assimied  that,  with  the  best  receiving  apparatus  obtainable,  7^=100 
will  give  commercial  transmission  imder  unfavorable  conditions.  On  attempting  to 
solve  the  equation  for  this  value,  it  is  at  once  se^i  that  for  any  given  distance  several 
combinations  of  transmitter  power,  antenna  height,  and  wave  length  are  possible. 
The  balance  between  height  of  sending  aerial  and  power  of  sending  equipment  is  one 
which  the  natural  economy  of  location  must  determine;  in  some  places  it  is  less  ex« 
I>ensive  to  build  a  low  aerial  and  use  large  power,  while  in  others  the  reverse  is  true. 
The  received  signal  is  also  dependent  upon  the  height  of  the  receiving  aerial,  but  the 
amount  of  interference  from  static  is  increased  when  tall  aerials  are  used.  It  is  there- 
fore  preferred  to  restrict  antenna  heights  at  the  receiving  station.  The  wave  lengths 
used  should  be  in  general  the  longest  at  which  the  proposed  antennas  operate  effi- 
ciently, since  this  will  give  as  a  rule  the  minimum  attenuation. 

It  may  be  interesting  to  consider  the  types  of  installation  which  are  necessary  to 
fulfill  the  above  stated  physical  conditions  for  practical  radiotelegraphy  over  dis- 
tances of  2,000,  3,000,  4,000,  and  5,000  kilometers.  The  following  tabulation  gives  a 
group  of  numerical  values  of  the  computed  physical  constants  for  each  of  these  dis- 
tances, and  represents  what  may  be  considered  good  engineering  practice  of  the  present 
day.  The  assumptions  are  based  upon  the  use  of  rugged  heterodyne  receivers  and 
sustained  wave  transmitters;  the  transmitting  antenna  power  (and  consequently 
the  sending  antenna  current)  would  have  to  be  largely  increased  if  spark  transmission 
or  other  types  of  receivers  were  used: 


Distance  In  kilometers 

Distance  In  statute  miles 

Wave  length  in  meters 

Antenna  Heights  in  feet: 

Sender 

Receiver 

Antenna  currents: 

Receiving  in  microamperes. 

Sending  m  amperes 

Sending  antenna  resistance  In  ohms: 

Radiation  component 

Total 

Sending  antenna  power  in  kilowatts.. 


6,000 
8,100 
12,000 


The  comparatively  large  powers  which  are  necessary  in  order  to  transmit  regularly 
over  long  distances  through  static  should  be  particularly  notedl  When  the  bad  effects 
of  atmospheric  disturbances  are  reduced  far  beyond  the  point  in  commercial  practice 
of  the  present  day  it  will  be  possible  to  signal  at  all  times  with  perhaps  one-tenth  the 

1  Heportod  in  ''Some  qnantltatiTe  experiments  In  long  distance  radiotelegraphy,"  by  L.  W.  Ansttn, 
BnUetm  Bnreaa  of  Standards,  vol.  7,  No.  3, 1011,  p.  316,  and  "QnantttatlTe  results  of  womt  radiotele- 
graphic  tests  between  Arlington,  Va.,  and  U.  S.  S.  Salem,"  by  John  L.  Hogan,  Jr.,  Electrloal  World,  Jan. 
31, 1913,  p.  1301. 
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tmimmitted  poirar  now  used.  This  nving  ci  tnuumittiiig  coit  will  grv«  ladio-teieg- 
raphy  a  furtlidr  and  tremendouB  advantage  over  wife  or  cable  wguaUng^  by  reaecm 
of  itB  economy ;  tUerefbre  the  atmospheric  disturbance  problem  is  receiving  tiie  most 
sodous  attention  of  radio  engineeiB  oU  over  the  world. 

Itmtty  be  that  some  ol  the  methods  which  have  aheady  been  devised  and  used  in 
laboratories,  but  which  are  not  yet  applied  commercially,  will  solve  the  problem  of 
permitting  continuous  operation  on  small  power.  It  may  be  that  the  methods  which 
seem  promising  at  the  moment  will  be  as  greekt  disappointments  as  have  been  a  laige 
number  of  others  attempted  in  the  past  10  years.  In  wliatever  way  this  one  remaining 
ebrtaola  tpthegpeales^eeapomieain  lodieiciQgrnphymay  beoveroome,.the  factiemains 
that  at  the  present  time  Vwirelest'^  may  be  depended  upon  for  entifely  cotomereial 
seovkaienreslongdytsiioes;  it  is  necesstfy  only  that  the  etatkms  should  l^e  designed 
with  a<  lull  engjpetting  ttotostaadiag  of  the  laigel  number  of  physical  pTQUeoi* 
invBi)vsd.j  *-•'/.!,,,, 

'Wie  CJHAiRMiN.  Geiitlemen,  we  will  now  proceed  with  the  discus- 
sion of  t^k^Q^e  %©e  papers. 

1  M]P4,SfVOKB;  lu  coimection  with  Mr.  Dagaasan's  paper,  which,  I 
tfamky  iff  very  iinpoFtaiit,  I  wofdd  like  to  say  a  few  words,  if  I  may. 
I  tliiiik  that  Hs  i*ecointaiendatidn  that  aii  increase  in  the  wave  length 
to  bel  pertnitted  to  vessels  is  very  important  indeed,  because  as 
the.  art  has  gfoiw?  tiia  necessity  for  vessels  to  have  longer  wave 
toagths  has  been  v^iy  keenly  appreciated,  and  imder  the  restrio- 
tioiid  of  the  London  cotlvieiition  600  meters  b  a  maximum,  which  is 
inadequate.  Another  very  important  stiggestion  of  his  is  the  mul- 
tiplication of  the  number  of  ^ave  lengths  open  to  vessels.  I  should 
only  go  considerably  further  and  accordingly  multiply  the  number, 
so  tiikat  perhaps  eaeh  Una  o{  steamers  in  the  coastwise  txade  of  the 
AsMiican  o<iiitmeni  should  have  a  wave  length  of  its  own.  Of 
course,  in  order  to  preserve  the  possibility  of  every  vessel  being  in 
position  to  receive  S.  0.  S.  signals,  or  calls  of  distress,  we  should 
still  have  to  keep^  as  we  have  up  to  the  time  being,  a  calling  wave 
kngth  the  aa«iei  for,  aU  ships^  so  that  the  operators  will  always  be  in 
a  position  to  receive  a  distress  caU. 

Is  there  any  further  discussion  of  these  papers  ? 

itt.  HoeiN.  I  might  say  that  this  entire  matter  of  wave-length 
developmehi  and  restrictions  is  going  to  become  more  and  more 
important  as  time  goes  on;  and  the  more  minds  we  can  get  to 
bear  upon' the  question  of  the  best  solution  of  this  ps^blem  the  better 
it  will  be  for  the  radio  art. 

<  Mr.  Stone's  suggestion,  it  seems  to  me,  ought  to  work  out  in  prac- 
tice better  than  any  oiher  plan  I  have  heard. 

TheiGfiAiiUfAKv  iPerha^  this  is  a  good  time,  Mr.  Hogan,  to  intro- 
duce yotrrtesoltitioh.    ' 

Mr!  ;&66Ak.  This  is  the  resolution  to  be  presented: 

Whereas  nwidity  in  communication  between  the  countries  of  the  w<M-ld  is  of  the 
Hretttestpossible,  awevKta^e  te  the  Govsnunent  and  to  pecnttof  and 

Whereaathedev^psKentin  incwiaaing  ^ia  rapidity  of  comstiuiiication.shoald  be 
encQtnaged  and  pnx>inoied:  by:  all  legitiinate  means!  * 
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Be  it  therefore  resolved^  That  the  Second  Pan  American  Scientific  Congress  strongly 
reconunend  to  the  respective  Grovemments  represented  the  appointment  of  an  inter- 
national Pan  American  committee  on  radio  communication,  which  shaU  represent 
equally  the  various  military  and  commercial  interests,  and  whose  province  and  duty 
shall  be  to  do  all  possible  to  assist  the  science  and  art  of  radio  communication,  to  the 
end  that  it  may  serve  to  convey  ideas  over  long  distances  and  between  ships  at  sea 
more  quickly  and  clearly,  and  thus  promote  better  understanding  and  tie  together 
more  closely  all  Pan  America. 

,    .  ...  ^'       '"''.-''-•■;*     '•'•;-  ■v-'  ',  Jh  •  I 

The  Chairman.  I.  suppose  th^re  id  ^a  ^cojx4  to  t^at  resolution  ? 

Mr.  Stone.  I  second  it. 

The  Chatrman.  All  In  f ayor  of  the  resolution  indicate  it  by  saying 
"aye."^    Canded* 

We  have  the  mechanism  for  h^dling  resolutions  introduced  into 
these  sections,  but  it  is  difficult  to  invoke  it  at  the  present  time, 
because  tfaifr  i»  the  lafit  meeting  of  tbls  subdivjsion.  i  I  bdie<ve^>li6w- 
ever,  there  is  sufficient  imanimity  on  this  questienr^o  aToi4  ^7 
difficulty  that  may  be  raised  in  that  regard.  ^  < 

Now,  in  view  of  the  powers  giyem  1k>  me,!  I  am  gomgi4)o  appoitit  a 
committee  to  take  charge  of  this  resblution' and  nfoct  dimotly  to 
Gen.  Bixby,  chairman  of  the  section.  The  intent  ol  tiiie  rodolution 
isBd  dear,  and  it  is  so  obviously  desirable>  thikt  I  difiak  weicaaniBitfbly 
leave  it  in  their  hands  for  such  action  as  ma!7  Betea  prbptoi' ;  *     '  .  / 

As  there  is  nq  comment^  I  shall  assu;^e  that  ^t  is  the  sense  of  this 
meeting  that  we  proceed  in  this'  way.  I  hereby  appbmt  as  a  com- 
mittee to  handle  this  matter  J.  H.  fWiey  (chairman),  John  S.  Stone, 
John  L.  Hogan,  jr.,  and  EmiKo  B.  DagassltiL  It  wotdd  s^eni  to  me 
to  be  a  desirable  thing  for  th^t  cpffunittoe  tp  xn#ka  #(»ne  jrepiortiof 
their  own  on  lieut.  Dagassan^  pa})er4  It  seema  i(t^  be  diroetly  lin 
line  with  this  plan.  .  ;       ..r 

Is  there  any  further  discus$ion  of  any  of  th^e  pa|)€ir3l  If  libt, 
a  motion  to  adjourn  will  be  in  order. 

Mr.  Hogan.  I  so  move. 

Lieut.  Daoassan.  I  second  the  BiotioB4 

The  Chairman.  We  will  now  iatand  adjourned. 


i;  ■    •■        T 
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JOINT  SESSION  OF  SUBSECTION  4  OF  SECTION  V  AND  SUB- 
SECTION D  OF  SECTION  VIIL* 

New  Ebbitt  Hotel, 
Tuesday  morning,  January  4,  1916. 

Chairman,  J.  D.  Gatewood. 

The  session  was  called  to  order  at  9.30  o'clock  by  the  chainnan. 
Papers  presented: 
By  Section  V: 

Disposal  of  sewage  and  refuse  in  America,  by  Morris  Enowles. 
Street  cleaning,  by  J.  W.  Paxton. 
By  Section  VIH: 

Disposal  of  refuse.  Papers  by  George  A.  Soper,  William  T.  Sedge- 
wick,  and  J.  T.  Fetherston. 

DISPOSAL  OF  SEWAGE  AND  REFUSE  IN  AMERICA. 

By  MORRIS  KNOWLES, 
DtrectOTf  Department  of  Sanitary  Engineering,  University  of  Pittsbiwgh. 

The  problems  of  sewage  and  garbage  disposal  naturally  fall  into  two  distinct  groups 
which  we  may  designate  the  rural  problem  and  the  city  problem.  All  animal  and 
plant  life  produces  waste  products,  the  excessive  accumulation  of  which  is  inimical 
to  life.  It  is  true  that  the  most  complex  and  the  most  important  of  these  problems 
result  from  the  modem  concentration  of  population  in  cities,  but  no  review  of  the 
subject  would  be  complete  which  did  not  reoEJl  that  the  problem  does  exist  wherew 
life  exists,  and  is  of  real  importance  in  the  case  of  isolated  dwellings  and  in  rural 
communities  as  well  as  in  crowded  cities. 

A.   RURAL  WASTE  DISPOSAL. 

The  necessity  for  waste  disposal  in  rural  conunimities  has  exactly  the  same  foujida- 
tion  as  in  the  city.  .Waste  is  the  necessary  result  of  life  and  the  accumulation  and 
disposition  of  such  waste  is  unavoidable.  Unless  such  accumulation  and  disposition 
are  taken  care  of  by  a  satisfactory  and  sanitary  method,  these  oiganic  wastes  will 
putrefy,  causing  unpleasant  wastes  and  smells,  breeding  flies  and  other  insects,  and 
offering  opportunity  for  the  transmission  of  infectious  disease. 

For  the  disposal  of  most  of  the  kinds  of  wastes  resulting  from  human  life  in  rural 
communities  and  isolated  dwellings,  no  special  provisions  are  necessary,  because  the 
large  open  spaces  separating  dwellings  and  the  great  abundance  of  space  and  light 
and  air  as  compared  with  the  relatively  small  amount  of  waste  makes  disposition 
of  garbage,  rubbish,  and  waste,  etc.,  by  hauling  away  and  dumping  or  burying  en- 
tirely unobjectionable. 

1  The  papers  of  SeotioQ  Vm  and  the  report  of  this  session  are  found  in  volume  X  (Papers  of  Seotloo 
Vm)  of  the  Prooeedlngs  of  the  Second  Pan  American  Soientiflo  Congress. 
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The  situation  is  entirely  different,  however,  with  the  wastes  thrown  off  by  the 
human  body,  including  excreta  and  urine,  and  special  provision  must  be  made  in 
ftll  cases  if  nuisances  and  danger  of  infection  are  to  be  avoided.  Relatively  simple 
as  are  the  nuisances  resulting  from  this  class  of  waste,  the  problem  of  disposal  has 
proved  by  no  means  easy.  Nevertheless  there  has  been  substantial  progress  beyond 
the  original  standard  of  promiscuous  defecation,  and  to-day  numerous  examples  exist 
of  satisfactory  solutions  of  this  problem  in  rural  communities  without  nuisance  and 
without  sanitary  danger.  The  experience  in  recent  years  of  the  United  States  Army 
has  shown  that  the  use^  of  latrines  burned  over  occasionally  with  kerosene  may  be 
made  entirely  sanitary,  and  is  satisfactory  for  a  temporary  institution  such  as  a  mili- 
tary encampment.  The  sanitary  privy  devised  by  the  officers  of  the  United  States 
Public  Health  Service  has  been  used  ^ith  satisfaction  in  connection  with  farm  houses 
in  many  parts  of  the  United  States.  And  the  experience  of  industrial  towns,  lumber 
camps,  construction  camps,  and  mining  villages  in  all  parts  of  the  United  States,  as 
well  as  in  Panama  and  portions  of  South  and  Central  America,  have  shown  that  it  is 
possible  to  operate  a  pail  or  can  system  of  collection,  which,  combined  with  disposal 
by  liquefaction,  burial,  or  burning,  satisfies  all  sanitary  requirements. 

Various  methods  of  disposal  of  water-borne  excreta,  suitable  for  application  to 
isolated  dwellings,  have  also  been  developed,  based  upon  experience  in  the  treatment 
of  the  wastes  of  urban  communities,  and  including  cesspools,  septic  tanks,  filters, 
etc.  Similarly  incinerators  and  other  apparatus  for  the  disposal  of  garbage  and  refuse 
in  rural  conmiunities  have  been  used  similar  in  principle  to  those  used  in  cities, 
but  the  discussion  of  these  can  perhaps  be  understood  to  be  included  In  the  consid- 
eration of  the  disposal  of  city  wastes. 

B.   CTTT  WASTB  DISPOSAL. 

As  population  has  become  more  and  more  concentrated  and  cities  have  developed, 
the  rural  methods  of  waste  disposal,  which  has  been  found  satisfactory  in  scattered 
communities  or  isolated  dwellings,  have  been  found  less  and  less  adequate.  It  is 
true  that  they  have  sometimes  been  continued  in  use  until  conmiunities  have  grown 
to  considerable  size.  Thus,  up  imtil  within  a  very  short  time,  the  city  of  Baltimore, 
with  a  population  of  about  560,000  in  1910,  accumulated  the  greater  portion  of  its 
fecal  wastes  in  privies  and  cesspools  and  disposed  of  them  by  having  them  collected 
in  wagons  by  contractors,  with  so-called  odorless  excavators,  and  carrying  and  dimip- 
ing  them  at  a  distance.  And  numerous  other  cities  in  the  United  States,  and  no 
doubt  in  other  portions  of  America,  still  dispose  of  all  garbage  and  refuse  by  the  ele- 
mentary method  of  dimiping  on  land.  The  results,  however,  in  these  cases  can  not 
be  called  either  satisfactory  or  sanitary,  and  the  greater  the  popidation  involved  the 
less  satisfactory  and  the  less  sanitary  they  become. 

The  wastes  of  human  life  in  cities,  as  in  rural  communities,  divide  themselves 
naturally  into  two  great  divisions — first,  the  wastes  thrown  off  by  the  human  body ;  and , 
second,  all  other  waste,  including  garbage,  rubbish,  ashes,  and  other  refuse. 

I.   8BWAOB  DISPOSAL. 

All  modem  cities  have  adopted  the  water-carriage  system  of  sewerage  for  collecting 
and  carrying  to  the  point  of  disposal  the  wastes  thrown  off  by  the  human  body,  and  a 
consideration  of  the  disposal  of  these  wastes  must  therefore  be  a  consideration  of  the 
question  of  sewage  disposal.  Sewer  systems  may  be  either  separate  or  combined, 
and,  correspondingly,  sewage  may  consist  purely  of  water-borne  household  waste, 
purely  of  storm  drainage  and  street  washings,  or  of  a  combination  of  the  two.  In  any 
case,  however,  the  problem  of  sewage  disposal  is  the  problem  of  disposing  of  a  large 
volume  of  water,  containing  from  200  to  1,000  parts  per  million  of  organic  and  inor- 
ganic impurities,  part  in  suspension  and  part  in  solution,  and  infected  with  large 
numbers  of  intestinal  and  other  bacteria,  and  at  the  same  time  avoiding  the  \mdesir- 
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i^ble  conaequenc^  wbicli  are  pqteAtial  in  these  c9&(Uti9pSp  1%  ia  obyiopfs  tbftt  nnder 
o^rtauL  ckcujnflt^ces  one  of  theae  conditloim  and  underr  othec  dgygrogtancep  miolher 
ipay  be  importanit,  a^d  the  vanous  metib^ods  of  sewngoi  di^po^al  have  tkmiQt^  htsm, 
developed  for  the  avoidance  of  specific  kinds  of  xuiisances  under  variouf^<4f<WI^«<=ftnfr^flu 
The  solution  of  Uxe  problem  of  sewage  duspoeal  ie,  therefore,  to  detefW^f^iiipW  tlifi 
kind  pf  nuisance  which  is  to  be  avoided,  and  to  fit  the  treatjinie^^t  to  thi^  d^gDo^b 
by  selecting  the  method  or  combination  0|f  methods  i  of  disposal  whii^  ia  ji¥mL 
applicable.  ,,,         , 

Kifids  qf  nuMonctf.— The  several  kinxis  pi  jiuisance  due  to  ^w^ge,,  which  t^Mrrml 
nkethods  of  sew^^  diiqpositl  afe  designed  to  avoid,  may  be  clasai^ed  as  follcyws; 

X.  Floating  spUcts. 

2.  Qhannel  obstruction^  due  to  settling  of  sufigpended  solids.  , ,  . 

3t  Putrefaction  of  organic  matter  in  suspension  or  deposited  in  bao^  . 

4.  Putrefoction  pf  dissolved  ai;ganic  matter.  , 

5.  Iirfection  of  water  s^ppUps,  aheU^sh  beds,  etc, , 

Correspondingly,  the  various  i^ethoda  of  sewage  treatment  have  fo:^  their, ob^ebt  the 
removal  of  suspended  matter,  the  oxidation  of  dissolved  and  ^^Ui^ended  ny^tU^^  u^i 
^e  disinfection  9f  tl;ie  sewage.  ,    , 

Method^  qfs^age  <fwpQ«oZ.T-The  varioiii^  methods  of  ^vagQ  ^Usppsal  may .  h^  ciaai* 
ified^th  respect  to  the  resi^Jts  ^hich  they  attain  as  follow^; 

(o)  dilution.  ..,..,!' 

(6)  Rwxoval  of  suspended  matter.     ,  .  i       /     .    .,  i      K-    . 

J  i,  Soreeps.  ,     •    • 

2.  Sedimentation. 

3.  Chemical  precipitation.  . 
(c)  Oxidation  of  organic  matter. 

1.  Land  filtration  or  broad  irrigation. 
i.  Intermitent  sand  filtration. 
'3.  Contact  filters. 

4.  Sprinkling  filters. 
tj  Direct  oxidation. 

(ctj  Disinfection. 
Dilution. — Disposal  of  sewage  by  dilution  or  dispersion  in  large  bodies  of  water 
oelongs  in  a  class  by  itself,  because,  under  favorable  conditions,  it  can  accomplish 
by  natiiral  means  all  of  the  results  obtained  by  the  more  elaborate  artificial  means. 
Moreover,  it  is  practically  a  part  of  all  of  the  processes  of  sewage  treatment,  as  if  is 
the  final  method  of  disposing  of  their  effluents.  It  is  almost  the  universal  method 
used  in  sewered  cities  of  South  and  Central  America,  and  by  to  the  predominating 
one  in  the  United  States  and  Canada.  This  does  not  mean  that  it  is  entirely  satis- 
factory in  all  cases  where  it  is  used,  as  it  has  not  infrequently  been  continued  in  use 
beyond  the  time  where  it  was  sufficient  to  secure  the  results  originally  contempbtted. 

If  the  body  of  water  into  which  the  sewage  is  discharged  is  sufficiently  large,  how- 
ever, and  if  dispersion  is  Sufficiently  complete,  floating  solids  will  be  so  widely  dis- 
distributed  as  to  be  invisible  or  practiiC^y  so. ,  If  the  current  is  sufficiently  strong, 
the  deposit  of  suspended  solids  may  be  entirely  avoided,  and,  even  when  such  depositB 
are  unavoidable,  this  method  of  disposal,  with  occasional  dredging,  may  b^  s&tis- 
^tory.  If  the  oxygen  content  of  the  water  into  which  the  sewage  is  discharged  h 
sufficiently  high  and  the  sewage  dispersed  so  that  every  particle  of  organic  matter 
is  decomposed  by  bacteria  and  other  kinds  of  plant  and  animal  life  tmder  a^bic  W- 
ditions,  putrefaction  may  be  completely  avoided.  And,  fitially,  with  stiAdient  Edi- 
tion an  environment  un&vorable  to  infectious  bacterial  life  is  set  up,  diid  if  ifdE^^i^ 
time  elapses  between  th^  discharge  of  sewage  and  its  delivery  to  a  public  yfstiet  topipty 
or  shellfish  bed,  disinfection  may  result  to  a  degree  sufficient  tom^jA^  ^  tMibi* 
able  sanitary  requirements.  "  '  '    |      'M' ' 
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Perhaps  the  best  example  of  this  self-puriiQcatioii  in  the  case  of  an  inland  stream  is 
f  oimd  in  the  Mississippi  River  at  New  Orleans.  This  river  receives  above  this  point 
the  sewage  of  approximately  10,000,000  people,  in  most  cases  without  any  treatment 
whatever.  It  can  not  be  said,  of  course,  that  this  process  is  carried  on  without  local 
nuisances  at  various  points  in  the  iipper  portion  of  the  drainage  area,  but  at  New 
Orleans  the  effect  of  all  this  sewage  can  barely  be  detected,  if  at  all,  and  no  nuisance 
from  floating  solids,  deposition,  putrefaction,  or  bacterial  infection  exists.  Another 
good  example  of  satisfactory  disposal  by  dilution  in  inland  streams  is  foimd  at  Wash- 
ington, D.  C,  where  special  provision  is  made  for  the  complete  dispersion  of  the 
sewage  in  a  considerable  depth  of  water  with  Potomac  River,  and  nuisance  has  been 
entirely  avoided  up  to  the  present  time.  Many  other  successful  examples  of  the  use 
of  this  method  of  disposal  in  the  past  might  be  mentioned,  but  many  of  the  more 
important  of  these  in  the  United  States,  including  Philadelphia,  Chicago,  Cleveland, 
Milwaukee,  etc.,  have  now  reached  the  point  where  some  treatment  will  be  neces- 
sary in  the  immediate  future.  Even  at  New  York,  the  metropolis  of  America,  dis- 
posal by  dilution  in  the  harbor  has  begun  to  break  down,  and  the  metropolitan  sewer- 
age commission  has  planned  the  treatment  of  a  portion  of  the  sewage.  Any  of  the 
large  cities  on  either  seacoast,  either  in  North  or  South  America,  might  be  taken  as 
an  example  of  the  disposal  of  sewage  by  dilution  in  the  ocean.  Perhaps  the  oldest 
extensive  works  of  this  kind  are  the  main  drainage  works  in  Boston,  which  are  of 
especial  interest  also  because  a  portion  of  the  sewage  is  stored  in  basins  during  flood 
tide  and  discharged  at  the  beginning  of  the  ebb,  so  as  to  take  advantage  of  the  tidal 
currents. 

The  tendency  in  recent  years  has  been  to  understand  more  thoroughly  the  relation 
of  voliune,  velocity,  oxygen  content,  and  time  to  sewage  dilution,  to  recognize  the 
process  as  a  scientific  one  properly  applicable  under  certain  conditions,  and  to 
appreciate  more  clearly  its  capacity  and  limitations. 

Screening, — The  first  way  in  which  the  dilution  method  of  disposal  fails  in  many 
cases  is  in  the  appearance  at  the  surface  of  floating  solids  and  the  deposition  of  the 
grosser  suspended  particles.  The  simplest  and  most  obvious  correction  of  this  con- 
dition is  the  adoption  of  some  kind  of  screen,  and  in  many  cases  this  may  be  all  that 
is  required.  Screens  are  useful,  also,  in  many  cases  to  prevent  clogging  of  sewage 
pumps. 

Coarse  screens,  siith  openings  varying  from  one-half  to  2  or  3  inches,  and  made  of 
parallel  bars  are  in  general  use  in  America,  both  separately  in  connection  with  disp 
posal  by  dilution  and  as  preliminary  treatment  in  connection  with  other  kinds  of 
treatment.  Good  examples  may  be  found  at  Washington,  D.  C,  and  at  the  pumping 
station  of  the  south  metropolitan  sewerage  district  at  Boston,  Mass. 

Finer  screens  have  been  occasionally  made  of  bars  set  with  small  openings  as  at 
Washington,  Pa.,  where  bar  screens,  with  one-fourth  inch  clear  openings  are  in  use. 
But  most  of  the  experience  with  fine  screens  in  the  United  States  has  been  with  screens 
of  the  Weand  type,  consisting  of  a  wire-cloth  screen  attached  to  a  cylindrical  frame 
and  mechanically  revolved  and  cleaned.  Installations  of  this  kind  with  about  36 
meshes  per  lineal  inch  have  been  used  at  Reading,  Pa.,  Brockton,  Mass.,  Atlanta,  Ga., 
and  Baltimore,  Md.  In  the  two  latter  cases  the  screens  were  installed  for  the  pur- 
pose of  removing  suspended  matter  from  settled  sewage  prior  to  its  application  upon 
sprinkling  filters. 

Experience  with  fine  screens  in  the  United  States  has  not  been  as  broad  as  in 
Europe,  and  especially  in  Germany,  where  numerous  types  of  fine  mesh  and  slotted 
screens  have  been  utilized,  with  mechanical  provisions  for  cleaning  and  operation. 
One  of  these  German  screens,  the  Riensch-Wurl  type,  conwifltlng  of  a  perforated  cir- 
cular metal  plate  revolving  on  an  inclined  axis  wi^  slots  about  0.05  to  0.1  inch  wide, 
and  mechanically  cleaned  by  an  ingenious  arrangement  of  revolving  brushes,  has 
been  introduced  into  the  United  States,  and  small  installations  are  in  operation  at 
68436— 17— VOL  vi 49  Or^n^n]c> 
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BnMjn,  N.  Y.,  Dajrtcxia,  FU.,  etc.  Aa  inrtallation  of  thie  chaiacter  was  necom- 
mendad  at  <Hie  tism  at  Rocheatar,  N.  Y.,  but  was  not  oonstruetod  beoauM  it  pnnred 
mmeoaasaiy  in  connection  with  aome  otber  prDvinooB  xeqoired  by  the  State  com- 
miHHkmer  ot  health.  And  a  sunihur  iiiBtaUation  has  been  recommended  at  Johnstown, 
Fa. 

The  recent  attitude  toward  aoreeniag  it  characterised  by  recogni^on  of  the  lact 
that  under  aome  drciunitaiieea  it  may  be  the  only  treatment  reqvirod  to  eecure  aat- 
ifl^ctory  resultf,  and  by  a  tendency  towftfd  moi»  thoroi^gh  conaideEation  and  inves- 
tigation of  the  Yario«0  methode  of  fine  srreeniag.  It  ia  undoubtedly  true  that  there 
will  be  oonnderable  mere  appUoatm  ol  this  method  of  treatment  in  the  fulure  than 
in  the  past. 

Tank  tmtmmU,'-Tk»  object  of  tanh  tieatment  in  all  caws  is  pnmarUy  the  reduc- 
ties  ol  velocity  to  permit  th»  dq)oait  of  euppended  aolida.  Scnne  tanks  are  intended, 
in  addition,  to  aoooia{^iah  a  reduotien  in  the  volume  of  deposited  solids  by  bacterial 
decomposition,  and  the  alteration  of  its  diaractcr  so  as  to  secmn  a  sludge  which  can 
be  conTesiently  and  ecosomieally  diq^ssed  ai. 

The  simplest  api^icatioo  of  tank  treatment  is  found  in  the  case  of  got  rhamhcn^ 
whidi  are  enlargeinents  in  the  flow  sectkm  of  sowem  suffirjent  to  secure  the  d^pomtiam 
ot  the  heaviest  suspended  matter  only,  cwnfiniiii?  this,  if  posnhle,  tosand,  gravel,  or 
other  inoiganic  material.  Such  simple  tanks  are  in  common  use  as  a  preliminary  to 
pumping,  disposal  by  dilution,  wd  othor  methods  of  traatment»  nnd  are  of  especial 
importance  where  the  siweiage  system  is  combined,  vesultiqg  in  the  delivery  to  the 
sewers  of  considerable  quantities  of  street  washings  and  inorganic  wastes. 

ThB  nest  development  of  tank  trealmest  in  order  of  simplicity  ii  th«  plain  sedi- 
mentatios  basin.  The  sole  object  of  this  ii  the  settlii^  of  auspendfd  miitter.  Sludge 
is  resMved  at  intervals  of  a  law  days  to  ^  few  weeks  aad  euiSKciantly  often  to  prevent 
the  development  of  septic  action.  The  laige  majority  ef  settling  tanks  built  in 
Amerioa  have  taken  advastafft  of  such  septiouatian  to  reduco  the  volume  of  sludge 
and  to  alter  its  character  so  as  to  make  it  move  fidtable  for  final  diq^oaal,  but  a  nuaaber 
ol  plain  settling  tanks  have  been  ooDStmoted*  both  ^  the  hoviaontal  flow  and  ol  the 
happen  bottom  vortical  flow  type.  Bzamplaa  aro  found  at  Woroaster,  Maes.,  Kii^ 
Park,  Long  Island,  Reading,  Fa.*  Toronto,  Onturio,  and  other  points. 

Septic  tanks  differ  from  sedimentation  tanks  primarily  in  that  the  sludge  is  removed 
at  Ism  imquent  intervals  and  is  parmitted  to  remain  in  the  bottom  of  the  tank  untl 
anaerobic  conditions  develop ,  lavoriag  the  growth  al  type^  ef  bacteria  which  promote 
liqnaCartion  of  Bsttied  solids  and  reduce  tba  volume  ol  sludgo  neoesmry  to  handla* 
Thoy  laU  satorally  into  tfwo  ffsindpal  diviaiQas,  aingle^tory  tanks  and 

The  single-story,  or  s^tic,  tank  is  no  nsre  than  the  <xdinary  cesspool  which  hu 
been  osed  so  long  lor  rural  oommunities  and  iselated  dwdlingp.  Constructed  ordi- 
narily in  rectangular  tern,  this  type  compsiaes  by  lar  the  laige  majority  of  all  the 
sewage  sedimentation  tanloB  which  have  been  constructed  in  America.  Hundreds 
of  tanks  of  this  character  exist  in  all  parts  of  Aaierica.  There  are  a  few  in 
South  America,  among  thmn  that  at  Miraflocee,  Peru.  The  most  important  instaUa- 
tioas  in  the  United  States  are  those  at  Columbus,  Ohio,  Baltimore,  Md.,  and  PUnn- 
field,  N.  J. 

Thare  has  been  aome  experience  in  the  United  States  also  with  the  so-called 
Biol3rtic  or  Dortmund  type  of  tank.  This  is  a  single-story  tank  with  hopper  or  V- 
shaped  bottom  and  with  provision  for  introducing  the  fresh  sewage  at  the  bottom  of 
the  tank  and  allowing  it  to  flow  upward  to  the  outlet  weirs.  Extmisive  experimental 
investigations  of  this  type  have  hem  made  at  the  experimental  plants  ol  the  Massa- 
chusetts Institute  of  Technology,  in  Boston,  and  the  Chicago  draini^  district,  at 
Chicago,  and  a  number  of  installatione  are  in  openJtiim  in  cities  and  towns  in  the 
State  of  New  Jersey,  lliis  tank  has  lor  its  purpose  the  prevention  ol  the  devek^ 
ment  of  oversepticisation  in  the  sludge  in  the  bottom  of  the  septic  tank,  and  it  has 
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ft   ^    b^Mi  elaiiQed  tb»t  it  would  9ecur9  »  bigb/er  degree  ol  liqueftieiMm  ttuui  would  b# 

i  poasible  with  any  ol  the  tw<HitQry  taoki.    ExpetieiieQ  liM  not  upb^d  the  daima  4^ 

thia  typo  of  tank  or  damooatrated  tbat  tha  two-atory  tank  waa  aubject  to  tha  diawbacka 

in  thia  7ai^>act  which  wara  learad  whan  it  was  originally  inlroducod  into  the  Uniitad 

3tatea.    It  ia  probabla,  tharalore,  that  thia  typa  of  ain^e^atoiy  tank  will  have  UtUe 

application  in  the  future. 

u  Bacent  practice  in  tha  United  Statea  haa  dtown  mote  and  moi>e  tendency  to  em- 

ii         phaaiza  the  diaadvaatagea  of  the  au^i^eHitary  a^tic  tank.    Amcm^  theaa  tha  mofe 

t:         impcMTtant  aie  the  unavddable  diai^;reeable  anieUa  due  to  the  gaaea  reaultiBg  fiom 

,;  anaerobic  putrefaction;  the  high  percentage  oi  w«ter  in  the  aludge  and  the  difficulty 

ol  drying  it;  the  raiaing  of  particlaa  of  alud^a  by  bul4^  of  gaa  and  tha  carrii^  of 

^;         auapended  natter  over  hram  the  tank  to  filtan;  and  the  lonaation  ol  heavy  acuoi, 

^,         renoviug  %  conaiderable  proportion  of  the  deposited  solids  from  the  action  of  the 

liquefying  bacteiia. 
(  At  ^  same  time  ooneapondingly  nMyre  attantiim  haa  been  paid  in  receut  yeais  to 

the  construction  ol  two-story  septic  tanks.  There  are  no  examplea  of  the  ao-called 
.  Travis  tanks  in  use  in  the  United  Btataa,  and  all  (^  the  two-story  septic  tanks  ai^  ol 
I  the  ImhoU  or  Emacher  type.  In  these  tanka  the  sewage  ia  canied  through  a  sedi- 
mentation chamber  at  the  top  of  the  tank,  every  attempt  being  made  to  keep  it  tcom 
^  contact  with  putralyji^  aJvdga,  to  prevent  ^  development  of  s^tic  conditions,  and 
^,  to  ke^  the  liquid  as  Ireah  aa  poasible  lor  treatment  on  oxidhdng  filters.    At  the  same 

time  the  suspended  matter  is  settled  out  and  automatically  removed  tibrough  dota 
in  the  bottom  ol  the  aetUing  chamber  to  a  a^Morate  sludge  chamber,  in  which  it  may 
go  tlurough  the  prooess  ol  anaerobic  decompoaition.  Used  in  Germany  once  1907, 
and  first  placed  in  {Hractical  opsMtion  in  the  United  States  at  the  joint  plant  ol  Madi^ 
aon  and  Chatiiam,  N.  J.,  in  1911,  this  tank  haa  grown  n^idly  in  lav<»r.  Although 
^'  o(msiderably  more  expensive  to  build  than  the  old  or  siafj^^^tory  tank,  it  is  yet  be^ 

lieved  by  many  that  its  advantages  are  luUy  worth  their  additional  cost,  and  within 
the  last  four  years  a  large  number  of  Imhoff  tanka  have  been  constructed  in  varioua 
parts  of  the  United  States.  Not  only  has  thia  tank  succeeded  under  American  as 
under  German  conditiona,  in  avoiding  the  odors  ol  the  old  aingle-story  tank,  and  the 
acnm  formation  and  canii^  oi  snapended  matter  over  to  filteia,  due  to  evolution  ol 
gaaea,  but  expmence  has  shown  that  the  kludge  from  such  tanka  differs  entirely  in 
character  from  that  ol  the  old  iank«  being  oompantiv<^y  lower  in  water,  quick  dry- 
ing, entir^y  inoSenaive*  and  aUegether  more  convenient  and  aoonomical  to  handle. 
The  early  fears  of  American  engineeii  that  thia  device,  developed  by  German  ex- 
perience, would  prove  inai^licable  to  American  conditions  have  proved  te  be 
entirdy  unjustified,  and  it  is  likdy  that  where  aedimsntation  is  required  more  and 
mere  use  will  be  made  in  the  futuise  of  this  type  ol  tank ,  the  si^to'Story  type  4>i  tank 
bekig  confined  to  small  installatioBs  where  the  question  ol  odor  is  entirely  immaterial 
and  where  the  differMoe  in  coat  oi  installation  beocHnea  a  prime  consideiation. 

The  most  important  installatJon  of  this  character  is  that  at  Atlanta,  Ga.,  where 
three  separate  plants  serve  this  city  of  165«000  population.  Other  important  plants 
include  that  at  Madiaon,  N.  J.,  alraeuly  retoed  to,  Fitchburg,  Mass.,  Chambersbuig, 
Pa.,  that  under  a<mstruction  at  Albany,  N.  Y.,  etc. 

Chemical  predpitaiUm.'^A  hifl^er  degree  ol  clarification  can  be  secured  in  sedimfflit^a- 
tnm  tanks  by  first  treating  the  sewage  with  chemicals  and  settling  out  the  precipitate. 
Both  the  resultant  aludge  and  the  effluent  from  the  tzeatment  are  putreacible,  and, 
as  the  amount  of  sludge  to  be  disposed  of  is  largely  increased,  experience  has  not 
shown  the  advantage  of  additional  clarification  to  be  worth  the  considerable  increase 
in  cost.  The  only  important  plants  of  this  character  in  the  United  States  are  those 
at  Worcestw,  Mass.,  and  Providence,  R.  1.,  and  in  both  cases  it  is  probable  that 
future  additions  or  extensions  will  be  based  on  other  methods  than  chemical  precipi- 
tation.   No  new  plants  of  this  character  have  been  constructed  for  several  years. 
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several  existing  plants  have  been  abandoned,  and  it  is  unlikely  that  any  additional 
plants  for  the  treatment  of  ordinary  sewage  will  be  installed  in  the  future. 

Sludge  disposal, — ^All  of  the  sedimentation  methods,  either  with  or  without  septi- 
cization,  share  in  the  drawback  that  they  require  the  handling  and  final  disposal 
of  a  considerable  quantity  of  sludge  or  deposited  solid  material,  the  most  difficult 
problem  in  the  field  of  sewage  .disposal.  The  sludge  from  the  single-story  tank  is 
is  highly  putrescible,  and  may  be  expected  to  become  offensive  if  exposed  for  a  sufil* 
dent  length  of  time.  The  sludge  from  the  Imhoff  tank  is  considerably  less  likely  to 
be  offensive,  but  even  then  the  handling  of  a  large  quantity  of  this  black  thicky  fluid 
is  sufficiently  difficult  and  inconvenient. 

The  ordinary  method  of  disposing  of  sludge  is  to  run  it  out  on  drying  beds  constructed 
of  sand,  gravel,  or  other  material  underdndned  by  tile  drains,  and  to  permit  it  to  dry 
exposed  to  the  air  after  draining  out  the  water.  This  may  then  be  shoveled  into 
wagons  and  hauled  away  to  be  used  as  filling  or  spread  on  agricultural  land.  Some 
experience  has  been  had  abroad  with  the  still  further  drying  of  sludge  in  centrifugal 
dryers,  and  burning,  but  so  far  as  is  known  no  plants  of  this  character  are  now  in  op- 
eration in  America.  Sludge  presses  are  used,  however,  at  Worcester,  Mass.,  and 
Providence,  R.  I.,  for  drying  the  sludge  from  chemical  precipitation  works  by  pressing 
in  bags  so  as  to  form  a  solid  cake.  Various  modifications  of  air  drying  on  sludge  beds 
are  used,  as,  for  example,  lagooning  or  septidsing  sludge  in  deep  beds  formed  by  dykes, 
as  constructed  at  Reading,  Pa.,  disposal  in  open  or  covered  sludge  trenches  to  be 
covered  with  earth  when  full,  etc. 

Many  experimental  studies  have  been  made  both  in  America  and  abroad  in  the, 
attempt  to  recover  commerdal  products  by  destructive  distillation,  extraction 
manufacture  of  fertilizers,  etc.  It  is  not  unlikely  that  future  development  will  be 
along  this  line,  possibly  converting  this  troublesome  problem  of  sludge  disposal  into 
a  source  of  revenue  suffident  to  pay  its  own  way,  but  no  plant  is  in  commercial  op- 
eration in  America  to-day  and  past  experience  in  America  offers  a  little  hope  for 
success  along  this  line  in  the  immediate  future. 

Land  JUtration. — All  of  the  sedimentation  and  screening  methods  that  have  been 
described  have  for  their  object  only  the  removal  of  the  suspended  matter  in  the 
sewage.  The  effluent  can  be  disposed  of  by  dilution  with  periiaps  some^at  less 
ratio  of  dilution  water  than  would  be  the  case  without  the  preliminary  treatment, 
but  unless  the  dilution  is  suffident  to  assure  the  supply  of  oxygen  necessary  to  main- 
tain aerobic  decomposition  of  all  the  organic  matter  remaining  in  suspension  or  in 
dilution,  nuisances  may  be  expected  to  result.  Wherever  dilution  is  insuffident 
for  these  purposes  it  is  therefore  necessary  to  continue  the  treatment  of  the  sewage 
by  subjectiag  it  to  oxidation  so  as  to  produce  a  mineralized  effluent  of  a  degree  of 
stability  corresponding  to  the  extent  of  final  dilution  which  will  be  x>ossible.  The 
earliest  methods  of  accomplishing  these  results  and  perhaps  the  oldest  method  of 
sewage  treatment  is  broad  irrigation,  also  referred  to  as  land  filtration  or  sewage  farm- 
ing. The  sewage  is  applied  to  porous  soil  at  a  sufficiently  low  rate  to  permit  perco- 
lation, and  at  the  same  time  to  allow  suffident  intervals  between  doses  so  as  to  restore 
the  oxygen  to  the  pores  of  the  soil.  The  sewage  is  acted  upon  by  the  abundant  bac- 
terial life  of  the  upper  soil  and  may  be  gotten  rid  of  in  a  satisfactory,  sanitary  way. 
At  the  same  time  it  is  possible  to  grow  crops  on  the  land  being  so  dosed  with  sewage. 
In  spite  of  the  extensive  and  successful  application  of  this  method  abroad,  however, 
particularly  at  Paris  and  Berlin,  it  has  not  been  found  profitable  to  operate  sewage 
farms  in  America,  except  in  a  few  cases  in  the  arid  west,  such  as  Pasadena,  Cal.  The 
sewage  at  Lima,  Peru,  is  also  discharged  into  streams  used  for  irrigation.  But  even 
in  these  cases  the  tendency  is  toward  abandonment  of  this  method  of  sewage  disposal, 
and  there  is  little  likelihood  that  it  will  be  of  material  importance  in  America  in  the 
future. 
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Intermittent  9and  filtration, — ^The  principle  of  this  method  of  sewage  treatment  is  simi- 
lar to  that  upon  which  broad  irrigation  is  founded.  Sewage  is  dosed  intermittently 
upon  prepared  sand  beds,  underdrained  by  tile  drains,  and  provided  the  rate  of  dosing 
and  period  between  doses  are  controlled  so  as  to  permit  the  maintenance  of  the  oxygen 
content  in  the  i)ores  of  the  sand,  nitrification  results,  leading  to  a  higher  degree  of 
purification  than  is  possible  by  any  other  method  of  sewage  treatment.  Its  most 
important  application  has  been  in  New  England,  where  natural  beds  of  satisfactory 
sand  are  available  and  construction  is  economical.  Those  at  Brockton,  Framingham , 
Gardner,  Pittsfield,  Andover,  Worcester,  and  other  Massachusetts  cities  are  good 
examples.  Other  plants  have  been  built  in  New  Jersey,  in  Ohio  and  at  Arequipa, 
Peru,  where  similar  sand  beds  are  available,  but  the  cost  of  installation  where  arti- 
ficial beds  must  be  constructed,  and  material  brought  in  for  the  purpose,  has  materially 
limited  its  application.  Even  where  suitable  sands  are  available  the  relatively  large 
area  required  as  compared  with  some  of  the  coarser  grained  filters  has  recently  seemed 
to  tend  toward  still  further  limitation  of  the  use  of  this  process,  and  it  is  likely  that 
continued  development  of  the  newer  methods  of  the  sewage  treatment  will  be  accom- 
panied by  a  corresponding  decrease  in  future  in  the  construction  of  additional  inter- 
mittent sand  filtration  plants. 

Contact  filters. — Contact  filters  are  basins  filled  with  coarse  material  which,  in 
operation,  are  filled  with  sewage,  allowed  to  stand  filled  for  a  period  of  time,  and  then 
drained  and  allowed  to  stand  empty.  During  the  period  of  standing  empty  the  oxygen 
supply  which  supports  the  bacterial  life  is  renewed,  and  during  the  period  of  filling 
and  standing  filled,  the  process  of  aerobic  decomposition  takes  place,  which  may  be 
made  to  produce  a  stable  and  nonputrescible  effluent.  Double-contact  beds  with 
two  sets  of  beds  in  series  insure  better  results  than  single-contact  plants.  These 
filters  have  the  advantage  over  intermittent  sand  filters,  that  they  occupy  consider- 
ably less  area,  and  they  are  more  economical  to  construct  except  whero  a  suitable  natu- 
ral sand  bed  is  available;  and  under  certain  conditions  they  are  preferable  to  sprin- 
kling filters,  because  they  require  considerably  less  head  to  operate  and  are  compara- 
tively inodorous.  The  most  important  plant  of  this  character  in  America  is  the  double- 
contact  installation  at  Plainfield,  N.  J.  A  large  number  of  smaller  plants  have  been 
constructed  in  various  parts  of  the  country,  and  important  single-contact  plants  are  in 
operation  at  Birmingham,  Ala.,  and  Mansfield,  Ohio.  In  general,  however,  there  has 
been  no  tendency  in  recent  years  to  adopt  contact  beds  for  large  installations,  and  their 
use  has  been  confined  to  smaller  towns,  whero  the  cost  of  securing  sufficient  head  for 
sprinkling  filters,  or  of  delivering  the  sewage  to  a  point  at  which  the  odors  from  sprin- 
kling filters  would  be  unimportant,  made  contact  filters  materially  more  economical. 

Sprinkling  filters, — ^The  most  modem  development  of  sewage  filtration  and  one  which 
has  continually  increased  in  favor  in  America  since  its  introduction  is  sprinkling 
filtration.  Sprinkling  filters  are  beds  of  coarse  stone  or  other  material  at  the  surface 
of  which  the  sewage  is  delivered  in  a  spray  by  means  of  a  sprinkler  nozzle.  They  may 
be  constructed  so  as  to  maintain  their  oxygen  supply  whether  operated  continuously 
or  intermittently,  and  as  the  sewage  trickles  down  over  the  surface  of  the  stones  com- 
posing the  filter,  it  is  decomposed  aerobically  and  oxidized  to  a  stable  condition. 

The  most  important  installations  of  this  type  in  America  are  those  at  Reading,  Pa. , 
Columbus,  Ohio,  Baltimore,  Md.,  Atlanta,  6a.,  Waterbury,  Conn.,  Fitchburg,  Mass., 
Gloversville,  N.  Y.,  Batavia,  N.  Y.,  etc.  A  plant  has  been  planned  for  Chiclayo, 
Peru.  Thero  can  be  no  doubt  that  whero  available  head  and  other  conditions  aro 
satisfactory  this  is  the  type  of  filtration  most  in  favor  in  present-day  American  prac- 
tice.   It  requires  less  area  for  a  given  quantity  of  sewage  than  any  other  type  of  filters. 

In  most  cases  final  settling  basins  have  been  provided  in  order  to  settle  out  the  sus- 
pended material  in  the  filter  effluent,  but  at  Columbus,  and  some  other  points  con- 
siderable difficulty  has  been  experienced,  due  to  the  development  of  septic  con- 
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ditionfl  in  the  final  settling bfisin .  In  0ome  caeee,  bb  a  result,  the  filter  effluent  haabeen 
by-passed  around  the  settling  basin,  and  in  some  of  the  more  recent  siballer  plants 
finaJ  settling  basins  have  been  (knitted . 

AeratUm. — Pw  many  years  laboratory  expoiments  have  be«i  conducted  in  ih^ 
aeration  of  sewage  in  the  hope  of  effecting  direct  oxidation  and  producing  a  stable 
effluent  without  the  use  of  filtration.  Results  have  in  g^ieral  been  C(mflictiBg,  aMl 
up  to  within  a  year  of  two  there  has  seemed  to  be  little  hope  of  the  applicati<ni  tfi 
direct  oxidation  to  secure  any  relatively  high  degree  of  purification.  It  is  true  ^ttt 
Messrs.  Black  and  Phelps  showed  in  their  investigations  for  tiie  Kew  York  metro- 
politan sewerage  commission  that  a  material  increase  in  stability  could  be  effects 
by  applying  air  to  previouriy  septicieed  sewage  and  suggested  that  tide  mettwd  mig^t 
be  satisfactorily  applied  to  the  special  conditions  prsoented  in  connectiotL  with  tike 
discharge  of  the  sewage  of  New  YaA  into  New  T(»rk  Hatbor,  and  pessibly  to  Mttne 
other  conditions.  There  was  no  convincing  evidence  of  tlie  general  applicftbiBty 
of  the  process,  however,  and  even  in  so  recrat  and  excellent  work  ae  that  on  ''Sewige 
disposal, "  by  George  W.  Fuller,  published  in  the  middle  ol  1913,  the  view  was  ak- 
pressed  that  it  was  a  question  tot  the  future  as  to  "Whether  or  not  aefatiktt  is  worthy 
of  adoption  under  any  circumstances." 

No  more  striking  example  of  the  possibilities  of  development  in  the  field  of  sewage 
disposal  could  be  had  than  the  growth  since  that  time  of  the  appliciition  of  diMdt 
oxidation  by  means  of  the  so-called  ''activated  rfudge  ptocem.''  tn  May,  1914, 
Messrs.  Arden  and  Lockett  pubtished  in  the  Journal  of  the  Society  of  Chemicsd  Indus- 
try a  paper  on  "Experiments  on  the  oxidation  of  sewage  without  the  aid  of  filters, " 
in  which  they  described  a  series  of  experiments  dmied  on  at  Manchester,  Engla&d, 
and  showed  that  a  material,  which  was  termed  "activated  sludgie, "  could  be  obtained 
by  the  prolonged  aeration  of  sewage  cur  sewiige  sludge,  which  has  the  i^operty  ^ 
enormously  intensifying  the  oxidation,  if  it  is  kept  in  contact  with  sewage  by  tAemm 
of  aenttion,  and  which,  in  fact,  is  captible  of  producing  a  degtee  of  purificattioB  st 
least  equal  to  that  obtained  by  the  treatment  ci  sewage  in  the  most  efficieut  bactefiAl 
filters. 

Experiments  conducted  in  America  at  Milwaukee,  IHs.,  det^slond,  Ohio,  aAd 
Brookljrn,  N.  Y.,  a|>pear  to  have  amply  confirmed  these  results  during  Hie  ctoMttt 
year.  Similar  experiments  hMre  been  canried  on  abo  at  Washington,  D.  C.,  BiMtuera, 
Md,,  Chicago,  111.,  Regina,  Saskatchewan,  Houfrton,  Tex.,  and  Lawtence,  Mass.  Tke 
Lawrence  tests  ifere  h  c^^ttinuation  of  tiM  exp€»lment«  which  Dr.  Gilbert  A.  Ftmlm, 
of  Manchester,  Englimd,  saw  in  progress  at  the  time  of  hk  visit  to  the  United  dtsM 
in  1911,  and  which  suggested  the  experiments  M  MaacheMer  which  have  led  to  llw 
remarkable  revival  g(  interest  in  this  process. 

The  experiments  at  Milwaukee  demonstarated  clearly  that  it  was  possible  to  secuM 
a  high  degree  of  purification  of  Milwaukee  sewage,  by  means  of  the  iicttvated  siudg« 
process,  at  a  less  cost  ihAn  by  tony  of  the  fihan^tion  methods  studied,  and  the  dty  m 
now  engaged  in  bulling  a  d,000,00»galloa  plant  of  this  type,  whkh  wSO  b^  the 
first  litfge  scale  activarted  ^udge  tank  to  be  put  in  operation.  If  the  results  obCateed 
with  large  sa^  plants  canfirm  those  of  these  experiments,  and  if  the  ptospecis  of 
still  further  imj^ovement  at  the  method  by  the  use  of  ftottted  contAct  beds^  aernted 
slate  beds,  and  similar  devices,  now  b^Ag  tried  at  vivfeus  places,  ate  tealiied,  tkb 
will  ]»ove  to  have  been  a  contribution  of  unusual  importance  to  the  dev^ptnent  of 
sewage  disposal. 

JHiir^fectum.^AH  of  the  processes  heretc^ore  described  have  a  material  effect  itt 
reducing  the  bacterial  content  of  sewage,  but  nosie,  with  the  posnble  exceptiou  ef 
sand  filtration,  im)duces  an  effluent  which  can  be  saf^y  dlschaiged  into  stirettoa  used 
for  water  supply  near  at  hand  or  into  watere  in  which  dieUfish  am  grown.  I^miliv 
requirements  are  also  set  up  in  some  cases  wh^«  sewage  is  dischaiged  into  water  used 
for  bathing  purposes.    In  order  to  accomplish  directly  this  sanitary  end,  sevend 
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methods  of  sewage  dkinfeotiott  have  been  utilized,  by  far  the  most  important  of  which 
is  disinfection  by  hypochlorite  or  liquid  chlorine.  A  considerable  number  at  plants 
of  this  character  are  in  operation  in  various  parts  of  America,  including  important 
installations  at  Baltimore,  Md.,  Atlantic  City,  N.  J.,  Providence,  R.  I.,  and  numerous 
smaller  cities  and  towns.  A  high  degree  of  disinfection  may  be  secured  in  this  manner 
at  a  less  cost  than  by  any  other  process,  and  current  practice  is  uniform  in  applying 
the  process  whenever  the  bacterial  content  of  sewage  is  objectionable. 

Miscellaneous  processes. — In  addition  to  the  processes  which  have  been  mentioned 
and  which  may  be  considered  to  some  extent  as  established  by  experiment  and 
experience,  there  are  a  number  of  processes  which  have  been  pmposed  and  which 
are  still  subjects  of  consideration  and  may  at  some  time  in  the  future  be  eiiown  to  have 
some  utility  in  connection  with  sewage  disposal.  These  include  ozonization,  electro- 
lytic sewage  treatment,  shkte  beds,  etc.,  all  of  which  have  been  the  subject  of  experi- 
ment and  most  of  which  have  been  installed  in  actual  operation  in  one  or  two  instances, 
but  none  of  them  can  yet  be  said  to  have  established  its  claim  to  general  applicability. 

n.  BBFUSB  MSPOCAIi 

From  the  point  of  view  of  diqx3aal»  refuse  may  be  conveniently  considered  aa 
divided  into  garbage  and  all  other  refuse,  tn  the  detail  planning  ol  a  disposal  sys- 
tem»  further  subdivision  is  necessary;  but  the  serious  portion  of  the  refuse  disposal 
problem  is  garbage  disposal.  Other  r^use,  including  ashes^  paper,  rags»  glass,  metals, 
street  sweepings,  catch-basin  cleaningB,  and  miscellaneous  rubbish  can  be  used  for 
filling  low  groimd,  with  or  without  burning  of  combustible  portions,  dumped  on  land, 
or  mixed  in  part  or  in  whole  with  garbage  for  incineration,  according  as  local  condi- 
tions of  topography  and  economy  dictate,  and  without  danger  of  sanitary  nuisance. 
The  predominantly  organic  character  of  garbage,  however,  its  putrescibility,  and  the 
smells  and  insects  which  it  breeds  make  garbage  disposal  a  special  problem,  calling 
for  consideffation  from  the  sanitary  as  well  as  from  the  economic  point  of  view. 

Qarbags  disposal. — The  various  methods  of  garbage  disposal  used  in  America  may  be 
classed  aa  follows:  (1)  Dumping  on  land,  (2)  dumping  in  water,  (3)  burial,  (4)  feeding 
to  animals,  (5)  incineration^  (6)  reduction. 

Dumping  on  land. — Dumping  on  land  is  the  ordinary  method  of  disposing  of  garbage 
and  refuse  in  rural  communities  and  in  the  case  of  isolated  dwellings,  as  has  been 
pointed  out  that  in  many  cases  it  has  been  continued  in  use  by  communities  even 
after  they  have  grown  to  a  considerable  size,  but  this  is  due  to  the  failure  of  standards 
to  keep  pace  with  the  growth  of  the  community,  rather  than  to  any  satisfactory  results 
obtained  from  this  method  of  disposal.  Nuisance  must  inevitably  result  from  con- 
tinuance in  use  of  this  method  of  disposal  after  a  conmiunity  has  become  thickly 
settled,  and  a  city  [can  hardly  be  said  to  be  "disposing"  of  ita  garbage  so  long  as  it 
persists  in  the  use  of  this  method. 

This  method  of  disposition  may,  however,  be  entirely  satisfactory  for  nonputresdble 
refuse,  such  as  ashes  and  rubbish,  and  in  fatct  such  materials  are  used  with  entire 
satis&tction  for  filling  low  places,  in  connection  with  other  methods  for  disposal  of 
garbage  at  Chicago,  lU.,  Columbus,  Ohio,  Cleveland,  C^o,  and  a  great  many  other 
citiee* 

Dumping  in  water. — Cities  located  on  very  large  bodies  of  water  may,  provided 
current  omditioiifl  are  satisbctory,  dispose  of  their  garbage  without  nuisance  by 
dumping  it  sufficiently  tu  from  the  shore.  Several  California  cities  on  the  Pacific 
coast  use  this  method,  dumping  garbage  20  miles  or  more  at  sea. 

Burial.— When  garbage  is  buried  in  shallow  trenches,  it  is  digested  and  taken  up 
in  time  by  the  soil.  This  may  be  an  entirely  satisfactory  method  of  avoiding  the 
smells  and  other  nuisancee  due  to  dumping,  if  carefully  and  completely  carried  out, 
but  its  application  is  limited  to  small  dtiee  by  the  area  and  length  of  haul  required. 
It  is  in  use  at  Passaic,  N.  J.,  and  in  a  number  of  cities  in  the  Middle  West  of  the  United 
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States,  induding  Eockford  and  Streator,  111.,  Burlington  and  Sioux  City,  Iowa, 
and  many  smaller  towns.  Burial  is  acoomplished  in  these  places  eitlier  by  dumping 
the  material  in  trenches  and  refilling  or  by  dumping  on  agricultural  land  and  plowing 
under. 

The  same  results  may  be  accomplished  by  using  garbage  for  filling,  mixing  it 
thoroughly,  after  dumping,  with  a  sufiident  quantity  of  earth  to  insure  oxidation. 
So  far  as  die  writer  knows,  this  method  is  practiced  by  no  dty  in  America. 

Feeding  to  animals, — In  most  cases  feeding  to  animals  means  feeding  to  hogs.  This 
method  requires  very  careful  operation  and  supervision  in  order  to  avdd  nuisance 
and  has  not  infrequently  been  accompanied  by  bad  conditions.  It  is  still  in  nae 
in  a  considerable  number  of  dtiee  in  various  parts  of  the  United  States,  a  large  pro- 
portion of  which  are  in  New  England,  and  which  indude  Cambridge,  Lynn,  and 
Somerville,  Mass.,  Middletown  and  New  Britain,  Conn.,  Grand  Hapids,  Mich., 
St.  Paul,  Minn.,  C^den,  N.  J.,  Albany,  N.  Y.,  Kansas  City,  Eans.,  Elkhart,  Ind., 
etc. 

In  some  of  the  dties  in  the  southern  portion  of  the  United  States,  and  possibly  in 
South  and  Central  America,  the  practice  of  disposing  of  garbage  by  dumping  is 
practically  equivalent  to  feeding  to  the  buzzards  and  other  scavenging  birds,  whidi 
devour  such  wastes  promptly.  Their  services  in  this  respect  were  formerly  hig^y 
prized,  and  the  laws  surrounded  such  birds  with  safeguards.  But  it  is  interesting  to 
note  that  this  has  changed  at  least  in  some  of  the  Southern  States  of  the  United  States, 
to  the  extent  that  a  bounty  is  now  offered  for  the  killing  of  buzzards,  because  it  was 
found  that  the  birds,  in  canying  away  the  entrails  of  dead  animals,  helped  to  spread 
among  live  stock  infection  with  hog  diolera  and  charbon. 

Incineration, — ^From  a  sanitary  point  of  view  only  the  most  desirable  method  of 
disposal  of  garbage  is  undoubtedly  to  bum  it  to  destruction,  and  as  standards  in  this 
respect  have  risen,  more  and  more  attention  has  been  paid  to  this  method  in  America. 
Early  efforts  in  the  United  States  attempted  the  burning  of  the  garbage  separated 
from  other  forms  of  refuse  in  a  furnace  of  the  so-called  American  type,  usually  referred 
to  as  an  incinerator  or  cremator.  Large  amounts  of  fuel  are  necessary  for  this  pur- 
pose and  a  relatively  low  temi>erature  is  maintained  in  the  furnaces  and  flues.  A 
considerable  number  of  plants  of  this  diaracter,  representing  various  designs,  are  in 
operation  in  the  United  States,  induding  plants  at  Portland,  Me.,  Topeka,  Eans., 
Lexington,  Ky.,  Trenton,  N.  J.,  Fort  Wayne,  Ind.,  Allentown,  Pa.,  Erie,  Pa.,  Rich- 
mond, Va.,  Minneapolis,  Minn.,  etc.  At  the  Minneapolis  plant  steam  is  generated. 
At  a  number  of  places,  nuisance  has  resulted  from  these  plants,  due  to  incomplete 
combustion  of  gases  on  account  of  the  low  temperature  maintained,  and  not  a  few 
plants  of  this  type  have  been  abandoned. 

More  receutly  there  has  been  a  tendency  to  the  introduction  of  the  eo-called  British 
type  of  destructor,  which  conBumes  mixed  garbage,  rubbish,  and  ashes  to  destruction 
at  high  temperature,  sometimes  with  and  sometimes  without  the  use  of  additional 
fuel.  Practically  all  of  the  incinerators  installed  in  Canada  and  South  America  are 
of  this  type,  and  the  most  recent  ajid  important  installations  in  the  United  8tate.« 
are  of  the  same  character.  Among  the  most  important,  those  iu  South  America  are  at 
Pernambuco,  Para,  Santos,  Buenos  Aires,  and  Manaos;  in  Canada,  at  London,  On- 
tario, Montreal,  Toronto,  and  Moose  Jaw,  Saskatchewan;  and  iu  the  United  States, 
at  Milwaukee,  Wis.,  Buffalo,  N.  Y.,  Montgomery,  Ala.,  Richmond  Borough,  N.  Y., 
and  Paterson,  N.J.  In  a  number  of  these  plants  steam  is  generated  and  utilized  either 
at  the  p:arb£«j;e  disposal  plant  or  at  nearby  pumping  stations  or  other  power  installa- 
tions. From  the  sanitary  point  of  view  their  operation  has  in  general  been  more 
satisfactory  than  that  of  the  American  type  of  incinerators,  and  while  operating  data 
are  not  plentiful  and  somewhat  conflicting,  it  would  appear  that  their  operation  has 
been  distinctly  more  economical.  It  seems  probable  that  the  progress  in  garbage  dis- 
posal in  the  immediate  future  in  America  will  be  largely  along  the  line  of  developing 
this  type  of  installation. 
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Rsductian— The  richnees  of  American  garbage  in  grease  and  the  poeeibility  of 
recovering  this  grease  and  other  commercial  products  by  digesting  the  garbage  at 
high  temperatures  has  given  considerable  vogue  to  this  method  of  garbage  dipposal 
in  the  United  States.  It  has  the  disadvantage  that  it  requires  that  other  provisions  be 
made  for  all  other  kinds  of  refuse,  and  that  it  is  somewhat  difficult  to  operate  the 
reduction  plant  without  nuisance  due  to  odors.  The  relative  economy  as  compared 
with  other  methods  of  disposal  depends  of  course  upon  the  proportion  and  quality  of 
garbage,  the  available  locations  for  a  plant,  the  cost  of  fuel,  and  other  considerations. 
Experience  has  shown  this  to  be  the  mobt  economical  process,  however,  for  most  large 
American  cities,  and  it  is  the  method  of  disposal  now  in  operation  in  all  of  the  largest 
cities  of  the  United  States,  including  New  York,  Boston,  Philadelphia,  Chicago,  St. 
Louis,  Cleveland,  Columbus,  Cincinnati,  Pittsburgh,  San  Francisco,  etc.  The 
plants  in  Columbus  and  Cleveland  are  municipally  owned  and  the  construction  of 
a  municipal  reduction  plant  has  been  recommended  at  Chiciu^o.  But  in  practically 
all  other  cases  the  plants  are  privately  owned  and  operated  under  contract.  This 
fiict  has  made  it  somewhat  difficult  to  secure  reliable  figures  on  the  cost  of  operation 
and  revenues  to  be  realized  from  such  plants.  The  municipal  plant  at  Columbus, 
Ohio,  however,  has  accumulated  and  published  complete  records  on  these  features, 
and  demonstrates  that,  where  other  conditions  are  favorable,  the  application  of  this 
method,  at  least  to  the  larger  cities  in  America,  is  feasible  and  economical.  The  prin- 
cipal development  to  be  expected  in  this  field  in  the  immediate  future  is  the  exten- 
sion of  municipal  ownership  and  the  accumulation  in  this  manner  of  a  large  amount 
of  available  data  regarding  cost  and  revenues. 

C.    DEVELOPMENT  OP   LEGISLATION. 

The  disposal  of  garbage  is  primarily  a  local  problem,  having  little  relation  in  any 
municipality  to  any  other  municipality.  For  this  reason  there  has  as  yet  been  no 
occasion  for  legislation  on  garbage  disposal,  other  than  enabling  laws  and  municipal 
ordinances  detailing  the  methods  of  collection  and  administration. 

The  development  of  legislation  relative  to  pollution  of  streams  and  sewage  disposal, 
however,  has  kept  pace  with  the  development  of  the  art.  Beginning  with  the  Massa- 
chusetts statute  of  1886,  which  gave  the  Stato  board  of  health  supervision  over  the 
purity  of  streams,  and  the  authority  to  req  uire  an  approved  method  of  sewage  disposal 
wherever  necessary,  similar  acts  are  now  in  force  in  most  of  the  States  of  the  United 
States  and  the  Provinces  of  Canada.  More  recently  activity  in  this  field  has  been 
shown  by  the  Federal  Government  in  the  United  States  and  at  present  the  United 
States  Public  Health  Service  is  conducting  a  sanitary  survey  of  the  entire  watershed 
of  the  Ohio  River,  upon  which  will  no  doubt  be  based  legislation,  defining  more  defi- 
nitely than  in  the  past  the  interest  and  authority  of  the  Federal  Government  with 
respect  to  the  jjoUution  of  interstate  waters  by  the  discharge  of  sewage.  The  attention 
of  the  Federal  Government  of  the  United  States  and  Canada  has  been  still  more 
strongly  directed  to  this  subject  by  the  work  of  the  International  Joint  Commission, 
appointed  under  the  proAosion  of  the  treaty  of  January  11,  1909,  between  the  United 
States  and  Great  Britain,  to  investigate  the  problem  of  the  pollution  of  the  Great 
Lakes  and  other  boundary  waters  between  the  United  States  and  Canada.  The  work 
of  this  commission,  which  has  extended  over  nearly  three  years  and  is  still  in  process 
will  undoubtedly  result  in  a  new  definition  of  American  standards  relative  to  per- 
missible limits  of  pollution  of  water  by  sewage  and  the  means  of  preventing  excessive 
pollution. 

There  has  as  yet  been  no  legialatiye  development  of  this  character  in  South  America. 
Ab  has  been  pointed  out  the  great  cities  of  South  America  are  located  either  on  the 
ocean  or  upon  the  great  rivers  of  that  continent,  so  that  to  the  present  time  the  prob- 
lem of  sewage  treatment  has  not  become  serious  and  disposal  by  dilution  had  been 
sadsCactory  to  almost  all  sewered  communities.    The  present  problem  is  the  exten- 
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slon  of  water  carriage  sewage  to  Sooth  American  cities  and  it  is  to  this  point,  lalber 
than  to  regulation  of  stream  pollution,  that  the  legidattcm  oQ  the  sobject  in  the  8e^ 
American  countries  has  been  directed,  lliis  is  indicated  by  the  number  of  instancea 
in  which  sewage  and  drainage  Works  have  been  oenstmcted  by  the  Nationsl  Govetn^ 
ments,  the  national  departments  of  public  works,  or  ci  public  health,  or  by  nmnieipttl 
authorities  with  the  aid  of  national  credit. 

Legislation  of  this  character,  and  the  experience  of  tiie  S9?end  States  and  Pro^rinoeB 
under  it,  comprise  one  of  tiie  helphil  suggestions  that  the  northern  continent  caa 
offer  to  the  South  American  cotmtries  witii  regard  to  a  problem  which  the  future 
sur^  holds  in  store  for  them. 

D.  THB  FUTURE. 

qXhe  outlook  lor  the  immediate  future  in  this  field  in  the  United  States  and  Canada 
is  lor  continued  sdenti]^  study  of  methods  of  treatment  and  disposal  of  sewagfe;  tlie 
development  at  the  new  activated  sludge  process  of  sewage  treatment;  the  discevory 
of>ew^methods  ci  recorering  valuable  by-producis  from  sewage,  sewage  sludge,  aaiA 
garbage;  the  increase  of  eaperience  in  municipal  op^ation  of  garbage  destructem 
and  redmctien  plants;  and  the  growtii  of  legislat^e  control  by  State  and  Fedend 
Qovemments  of  stream  pollution  and  sewage  disposal.  With  rei9>ect  to  the  sewage 
dJ^[X)eal  prol^em,  the  South  AmericMi  countries  are  in  tiie  situation  in  which  the 
United  States  and  Canada  were  a  number  of  yearn  ago.  While  they  include  some  of 
the  greatest  cities  in  the  Western  Hemisphere,  these  are  located  on  tide  water  or  eeln- 
aries,  and  it  will  not  be  until  the  int6ri(»'  sections  are  further  developed,  and  more 
large  communities  are  established  on  the  banks  of  inland  streams  that  the  disposal  of 
sewagerwill  acquire  the  importance  which  it  now  has  in  the  northern  continent. 

In  th^meaa  time,  such  meetings  as  this  and  the  opportunities  wfaidi  tfaey  afford 
to  the'^Sottth  and  Central  American  scientists  for  acquaintance  with  the  methods 
adoptedjin  North  America  for  the  solution  of  [these  problems  wiO  lessen  greatly  the 
difBlculty'when  they  ate  later  presented  for  solution  in  the  senthem  ooXinwU  and 
at  the  same  tiowwill  contribute  materially  to  the  cordial  hitemational  i^ctionship 
which  should  be  the  ideal  of  every  iidiabitant  of  Pan  America. 


STREET  CLEANING. 

ByJ.W.PAXTON, 

SuperinUndent  of  Street  CUaning,  Dwtriet  tf  Cohmbia, 

The  tkle  of  this  paper,  "Straet  deaaing,"  does  not  describe  the^entire  aotivitass 
of  the  tamch  of  monidpal  govoraments  usually  intrusted  with  that  pactknlar  werlc 

The  term  was  more  i^^pUcable  in  the  days  when,  lor  lack  of  a  better  disposltkn^ 
all  the  wastes  from  human  existence  were  carelessly  thrown  on  the  roads  or  strsels^ 
to  be  slowly  blown  or  washed  away,  sterilized  by  the  action  of  the  dementi,  er  al 
best  removed  at  Imigthy  intervals  by  human  effort;  but  when  the  desire  or  imsaiili' 
for  better  sanitary  comlitiona  arose  it  was  found  convenient  to  divide  mnakipsl 
wastes  into  the  following  classes:  Garbage,  ashes,  rubbish,  night  soil,  and  dead  an^ 
male,  usually  known  as  ''dty  refuse,''  which  originated  on  private  property;  and 
street  sweepings,  which  accumulated  on  the  streets,  sidewalks,  and  alleys^  after 
provision  had  been  made  for  a  more  diieet  ooUeotion  of  dty  refuse. 

In  this  paper  the  subject  will  be  considered  from  an  engineering  rather  thatt  a 
sanitary  point  of  view;  the  coUeetaen  and  disposal  of  ea^  lefose  described  hrieiy, 
and  street  sweeping  mote  in  detail* 
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The  foUowing  are  composite  definitioiiB  denyed  from  »  number  ef  eoorGee,  and 
closely  represent  the  meaning  of  the  tetme  used  in  American  dties: 

"Garbage"  is  the  rejected  or  waste  accumulatioiis  of  animal,  Irait,  or  vegetable 
matter  which  has  been  killed  or  grown  for  use  as  food  for  matt* 

"Ashes''  are  the  solid  remdue  from  the  combustion  ol  fuels  and  other  substances, 
together  with  such  unconsumed  particles  as  may  be  discarded  thetewith. 

"Rubbish"  is  refuse  or  trash,  except  garbage,  ashes,  dead  animals,  night  soil,  street 
sweeinngs,  manure,  and  building  material.  It  includes  such  material  as  discarded 
paper,  old  clothing,  shoes,  bedding,  straw,  excelsior,  rags,  wood,  leather,  fumitaie, 
boxes,  barrels,  empty  cans,  metal,  rubber^  broken  gUsi,  bottles,  crockery,  Christmas 
trees  and  gneoB,  small  bnmches  from  shrubs  and  vines,  cut  grass^  ele.^  but  does  not 
include  any  material  in  the  nature  of  liquids,  wall  paper,  lumber,  brick,  stone,  plas- 
ter,  earth,  sand,  etc. 

"Dead  animals"  are  all  dead  animals,  or  parts  thoeof,  other  than  these  vdnch  are 
killed  to  commercial  purposes. 

"Night  soil"  19'  the  contents  of  privy  vaults  and  of  cesspools  located  ^ffhi&n  sewer 
connections  are  not  available. 

The  question  often  arises  as  to  why  and  to  what  extent  municipalities  should  con- 
cern themeelves  with  the  ecdlection  and  disposal  ci  wastes.  Undoubtedly,  this  woric 
can  be  periotmed  under  one  orgaaizatioik  at  leas  expense  to  the  individnal  citisen, 
but  this  might  be  true  at  a  number  of  other  functions  pertmning  to  the  present  mode 
of  teistenee.  Public  convenience  and  comfort  in  thems^es  akme  would  hardly 
be  sufBdent  reasons  to  wanant  the  miinicipality  in  undertaking  this  work,  and  uriiai 
is  done  is  not  so  modi  to  peotect  one  citisen  against  himseli  as  it  is  to  protect  thfo 
puibMc.  The  highways,  however,  must  be  kept  open  and  in  good  cenditMn  and  the 
health  of  the  communtty  eonaidei!id« 

Qarbage,  dead  animals^  and  night  soil,  en  account  of  their  tendency  to  inlsHften,  to 
rapid  decomposition  with  the  incident  disagreeable  od<Ma,  and  their  ada^tahiUty  as  a 
medium  to  sustakn  vermin  and  bacteria,  iiiould  be  psompily  and  oompieMy  d^t 
with  by  the  municipality. 

Ashes  and  other  refuse  from  households  are  also  Uable  to  infection  and  Isr  this  reason 
sbouhi  be  taken  oanr  of  ait  pubMe  expense. 

Materials,  however,  such  as  are  commonly  known  as  trade  wastee,  and  ashes  IroM 
buMsss  places,  koielB,  churches,  educational  institutions,  etc.,  aM  not  so  liable  to 
beoome  infected  and  ordinarily  are  not  eoUected  at  puUie  expense. 

Qarbospe  diould  be  collected  every  othwr  day  or  oltener  from  residential  sections, 
but  from  hotels,  restaurants^  market  houses,  s^Mirtment  houses,  and  otiier  points,  whert 
asuffident  amount  accumulates  each  day  to  fill  (me  or  more  e^lecting  vehicles,  oolleO' 
tion  can  eoonomically  be  made  every  day. 

Ashes  and  rubbish  diould  be  collected  often  enou(j^  to  avoid  inconveaatot  and  un*' 
aii^tly  aocunmktaoBs  (m  the  premises  and  too  great  an  otitky  lor  reoeptades  in  whidi 
the  material  should  be  placed  while  awaiting  oolleetion.  In  warm  dimates  and  in 
the  summer,  once  a  week  should  be  suffident  lor  the  collection  ol  ashes,  or  in  some 
dties  where  gas  or  oil  is  used  laigdy  lor  cooking  purposes,  only  on  request,  bnt  during 
cold  weather  the  collection  Aonld  be  made  at  least  twice  per  week.  Onoe  or  twice 
per  week  should  be  suflident  for  the  cdlection  of  rubbish. 

It  is  usually  found  advisable  to  ooUeot  ni|^  soil  and  dead  animals  only  on  request 
or  notification  to  the  street-cleaning  department. 

All  cdketions  should  be  made  in  covered  vehides  so  constructed  as  to  prevent  the 
escape  of  their  contents  during  transportation. 

Although  the  munidpality  does  undertake  the  collection  and  dispoaal  d  refuse,  it 
is*Btill  necessary  for  Hie  dtizens'to  prepare  and  offer  their  refuse  for  collection  accord- 
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ing  to  certain  regulations  which  vary  according  to  the  methods  of  collection  and  dis- 
posal which  are  adopted. 

With  complete  separation,  garbage  and  ashes  should  be  placed  in  separate  metal 
receptacles  with  covers.  The  number  of  receptacles  should  be  limited  but  Ihey  should 
not  be  so  large  as  to  prevent  their  being  easily  handled  in  transferring  their  contents 
to  the  collecting  vehicles. 

On  account  of  the  heterogeneous  character  of  rubbish,  it  is  difficult  to  specify  a  par- 
ticular kind  of  receptacle,  barrels  and  bags  being  used  as  a  rule.  It  is  important  to 
require  that  the  receptacle  can  easily  be  huidled  by  one  man,  and  that  paper  and  other 
lig^t  refuse  which  is  liable  to  be  blown  about,  be  bundled,  tied,  sacked,  or  otherwise 
properly  secured. 

Where  the  method  of  disposal  does  not  require  separate  collections,  all  <he  refuse 
can  be  placed  in  one  receptacle  which  should  be  of  metal  with  a  cover,  the  larger 
articles  of  rubbish  being  offered  for  collection  separately. 

As  a  means  of  disposal,  cremation  has  been  frequently  adopted.  This  burning  i»o- 
cesB  is  slow,  and  at  low  temperatures  requiring  fuel  in  addition  to  the  refuse  whicdi  is 
consumed,  the  gases  are  not  deordorized,  and  the  residue  from  the  plants  can  be  put 
to  no  useful  purpose. 

High-temperature  incinerators  or  destructors  have  the  advantage  of  destroying  by 
fire,  any  and  all  classes  of  city  refuse,  and  on  this  account  the  claim  is  made  that  it  is 
the  most  sanitary  method  which  can  be  adopted.  It  eliminates  the  necessity  of  the 
sepiration  by  the  householders  and  others  of  the  various  classes  of  refuse  and  also  of 
separate  collections.  On  account  of  the  hig^  temperatures,  the  gases  can  be  entirely 
consumed,  eliminating  the  odors.  The  heat  developed  can  be  utilized  in  developing 
power  for  other  municipal  operations.  The  plant  or  plants  can  be  located  wi^out 
objection  at  any  points  in  a  city  which  will  afford  the  most  economical  haul  of  the 
refuse  to,  and  the  residue  from,  ike  destrucUws.  The  clinker  can  be  crushed  and  used 
as  broken  stone  for  concrete  and  other  purposes  and  is  sometimes  made  into  cement. 
No  additional  fuel  is  required  except  where  the  calorific  value  of  the  refuse  is  very  low 
or  when  small  quantities  of  ashes  are  coUected  in  summer. 

Combined  collection  is  an  argument  frequently  used  in  faivor  of  destruction.  When 
garbage  is  diluted  by  being  mixed  with  ashes  and  rubbish  it  is  not  necessary  to  coUect 
the  garbage  as  often  as  when  it  is  kept  separate.  On  the  other  hand,  it  is  necessary  to 
collect  the  mixture  oftener  than  either  ashes  or  rubbish.  It  ia  frequently  desirable 
however,  to  make  separate  collections  of  ashes  so  as  to  store  them  for  use  in  the  de- 
8truct(»B  during  the  summer,  and  to  avoid  sending  more  than  the  amount  necessary 
for  fuel  through  the  destructors  during  the  winter  which  would  require  the  installa- 
tion of  larger  destructars.  Nig^t  soil  may  be  more  advantageously  disposed  of  through 
the  sewers,  and  the  larger  dead  animals  are  frequently  treated  in  separate  rendering 
plants  to  recover  the  hides,  grease,  and  fertilizer. 

Where  the  separation  can  be  made  c<xnplete,  all  garbage  and  dead  animals,  upon 
collection,  becoming  the  property  of  the  city,  and  where  the  garbage  contains  a  large 
percentage  of  grease  and  fertilizing  qualities,  it  is  much  more  economical  to  adopt  the 
reduction  process.  In  this  process,  garbage  and  dead  animals  are  as  completely  ster- 
ilized by  Wt  as  in  the  destructor  method.  The  gases  can  be  burned  and  washed  and 
the  paints  operated  so  as  to  be  entirely  unobjectionable. 

When  reduction  is  used  for  garbage  and  dead  animals,  rubbish  can  be  sorted  in 
modem  plants,  constructed  so  that  the  material  delivered  is  deposited  on  a  conveyer 
with  pickers  on  each  side  to  sort  the  salable  portions.  The  portion  which  has  no  value 
passes  over  the  end  of  the  conveyer  into  a  furnace  where  it  is  bmmed.  Hie  steam 
generated  ia  used  for  operating  the  conveyer,  presses,  etc.  Ashes  can  be  used  without 
objection  in  filling  low  land.  Nig^t  soil  can  be  disposed  of  through  sewers  or  by  com- 
posting and  subsequent  use  as  fertilizer.    If  the  latter  method  is  used,  care  should  be 
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taken  to  thoroughly  disinfect  the  material,  as  cases  of  typhoid  have  been  conveyed  by 
vegetable  and  fruits  so  treated. 

When  the  destructor  method  is  used,  all  the  revenue  is  lost  except  what  is  developed 
from  the  calorific  value  of  the  wastes. 

The  methods  of  collection  and  disposal  should  <mly  be  selected  after  careful  investi- 
gation of  the  quantities  of  the  various  classes  of  refuse  produced,  their  calorific,  grease, 
and  fertilizing  values,  the  frequency  of  collection  required,  the  length  and  methods  of 
transportation,  the  quantity  and  market  value  of  material  which  it  is  possible  to  re« 
claim,  and  the  seasonable  and  yearly  variation,  etc.  These  fectars  will  vary  greatly  in 
different  dtiee. 

The  collection  and  disposal  of  refuse  is  now  done  by  contract  in  Washington,  but  an 
investigation  and  report  as  to  the  best  methods  of  municipal  operation,  including 
estimates  of  cost,  has  recently  been  made  by  Mr.  Irwin  S.  Osbom.  A  table  is  ap- 
pended, based  on  this  report,  giving  the  estimated  per  capita  costs  per  annum  of  two 
of  the  many  projects  considered,  project  No.  2  being  the  one  reconmiended.  The  net 
annual  cost  per  capita  for  destruction  is  $0,795  and  only  $0,372  where  reduction  is 
estimated  for  garbageand  dead  animals  and  sorting  for  rubbish,  etc.  This  ispriactpally 
due  to  the  large  quantity  of  garbage  collected  per  capita  in  Washington  and  te  hig^ 
grease  value. 

A  perfect  system  should  provide  for  the  disposal  of  all  wastes  for  which  municipal 
collections  have  not  been  arranged,  such  as  ashes  and  trade  waste  from  business 
places,  material  which  has  become  mixed  on  account  of  violations  of  the  regulations 
regarding  separation,  and  street  sweepings  unsuitable  for  fertilizing  purposes.  This 
can  be  done  by  increasing  the  capacity  of  the  disposal  plants  for  municipally  collected 
refuse  or  by  additional  destructon  to  take  care  of  the  combustible  and  insanitary 
wastes,  and  public  dumps  for  the  balance. 

In  order  to  completely  control  the  situation,  none  but  the  municipality,  its  agents, 
or  Uoensed  persons  should  be  permitted  to  haul  any  class  of  waste  material  described 
herein. 

ACTUAL  BTRBBT  CLEANING. 

The  actual  process  of  street  cleaning  is  a  very  simple  matter,  the  problem  being 
largely  an  administrative  one.  Probably  one  of  the  greatest  difficulties  which  is 
encountered  is  to  provide  for  proper  inspection  and  supervision.  There  are  few 
undertakings  where  the  amount  of  work  is  so  small  in  proportion  to  the  area  covered 
and  the  area  on  which  work  is  done  is  so  widely  separated  by  areas  on  which  work  is 
not  done,  and  where  there  are  so  many  intervening  obstructions  to  inspection. 

The  administration  of  the  work  is  assisted  by  the  preparation  of  daily  schedules  of 
work  to  be  done  by  each  individual  or  each  gang,  which  have  been  arranged  by 
studies  of  traffic  conditions,  the  amount  and  character  of  waste  accumulating  in  each 
street,  the  amount  of  work  which  should  be  done  in  each  section  by  efficient  men,  and 
cost-keeping  data  by  which  the  work  of  one  individual  or  gang  can  be  compared  with 
another  individual  or  gang  doing  the  same  class  and  amount  of  work. 

A  great  many  kinds  of  machines  have  been  devised  for  cleaning  streets,  mostly 
along  the  lines  of  mechanical  sweepers,  but  the  predominating  and  most  successful 
method  is  still  the  simple  one  of  cleaning  by  hand,  usually  termed  ''hand  patrol"  or 
"white  wing"  cleaning. 

The  tools  furnished  for  this  kind  of  work  usually  consist  of  pan  scrapers;  push  brooms 
made  of  split  bamboo,  African  bass,  rattan,  split  hickory,  or  a  combination  of  two  or 
more  of  these  materials,  sometimes  with  a  metal  scraper  attached  to  the  back  of  the 
broom  for  dislodging  material  which  adheres  to  the  pavement;  hand  pushcarts  of 
some  description  into  which  the  street  dirt  is  placed  either  directly  or  in  cans  or 
bags  which  are  carried  on  or  within  the  carts;  shovels  to  lift  the  dirt  from  the  street  into 
the  carts;  and  short  handle  com  brooms  to  sweep  the  dirt  into  the  shovels. 
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In  Wftflliiiigton  the  material  k  oc^UeUd  in  mcks  which  wete  fonaaiy  ptec^d  a&BBg 
the  curb  at  street  comera,  but  an  improvement  on  this  mediod  hie  teoentijr  hmti 
adopted.  A  new  tjrpe  of  bag  eairier  k  ueed  which  holde  three  <a  tour  Mcks,  open  for 
filling,  in  a  covered  sheet-iron  box.  When  the  stcfcs  are  filled  ibey  are  inmtMwMj 
taken  to  tiwiifer  fltalaoM  whi<^  hare  been  eetebliriied  i»  the  intt^ 
aad  there  left  for  reoooval  hj  wayae. 

Permaneai  etonge  places  for  atraet  dirt,  in  the  aUeys  or  in  specially  constrvetad 
boxes  aleng  the  curb  er  uadeniaath  the  ddewalks,  se  aRsaged  that  the  liquid  coald 
be  dnoAod  iato  the  eewess,  wvnld  be  a  ercai  improvement,  b«t  the  iattial  oeot  ia  eo 
great  that  they  have  never  been  adopted  in  this  country. 

Head  patid  eections  conrist  of  areas  which  can  be  cleaaed  by  one,  two,  or  five  men 
who  are  made  msponmble  for  the  eondiliDa  of  the  streets  in  ikm  req>ective  i 
The  two4oan  section  is  the  most  common,  Hm  nume  active  laan  of  the  pair  f 
pan  scraper  and  posh  broeni  to  traasfer  IJm  dirt  from  the  center  of  the  stre^  to  tiM 
gutter,  where  it  is  picked  up  and  the  gutter  Bwe^  by  the  man  witii  the  pusiMari. 
The  one-man  section  is  gMierally  used  ia  the  suburban  sections  where  the 
end  amount  of  mateiial  oollectod  is  mall  and  the  area  kige.  The  five^aan  i 
(of  three  pan  scraper  OMn,  and  l;wo  pushcart  DMii-*"One  at  each  curb )  is  uaed  on  bnad 
streets  having  heavy  trafSc.  The  area  per  man  may  vary  from  5,000  to  90«000  ■qnaie 
yasds,  the  average  being  in  die  neighborhood  of  10,000  to  12J0OO,  90  to  40  cubic  hei 
of  sMUeriid  being  collected  by  each  puiboart  man  per  day. 

The  great  advantage  of  the  hand  patn^  method  is  that  each  section  is  under  con- 
stant attention;  the  dirt  is  taken  up  immediately,  before  it  tM  ground  into  duet  and 
blown  about;  the  cleaning  effort  is  capable  of  better  distribution,  the  aactfoas  where 
the  greatest  amount  el  dirt  accumulates  being  given  the  smallest  area  per  mam;  a»d 
work  is  done  only  on  the  portions  of  the  streets  on  which  dirt  has  accumulated. 

It  has  been  foiind  by  experinuNit  in  machine^braom  cleaning  that  the  best  unit 
consists  of  one  2-horBe  sprinkler  followed  by  three  2-home  machines,  the  first  sweeping 
from  the  center  of  the  street  towards  the  curb,  the  next  sweeping  the  width  of  the 
broom  farther  towards  the  cuib,  and  so  on  until  the  dirt  is  deposited  in  a  windrow 
intheguttar.  The  dirt  in  this  windrow  is  immediately  swept  into  piles  by  men  with 
push  brooms  and  then  shoveled  into  one-horse  carts.  Usually  four  or  five  push-broom 
men  aod  four  carts  are  sufficient*  depending  on  the  amoux^  of  dirt  to  be  collected 
andthelengthof  haul  to  the  dumps.  On  account  of  the  light  material,  the  bodies  of 
the  carts  are  twice  the  eiae  ol  an  ordinary  cart  and  hold  about  3  cubic  yaids. 
In  wet  weather  the  carts  are  only  partially  filled  and  in  leaf  season  side  boards  are 
added,  doubling  their  capacity.  It  is  possible  for  the  drivsers  ol  the  carts  to  load 
tbek  own  vehicles  as  the  horses  become  so  trained  to  the  work  tiiat  they  will  sfow 
up  or  irtop  at  each  pile  of  dirt  and  start  again  at  the  aound  of  the  shovel  on  the  aide 
of  the  cart  when  the  dirt  is  thrown  into  it.  The  machine  cleaning  unit,  as  described, 
will  clean  in  the  neighborhood  of  270,000  square  yards  per  ei^^itiiour  d^. 

The  water  from  the  sprinkler  preceding  the  machines  has  a  tendency  to  turn  the  finer 
portions  ol  the  dirt  into  mud  which  instead  of  being  removed  is  phMtmd  on  tjbie  strset, 
returning  to  dust  again  as  soon  as  it  dries.  It  is  practically  impossible  to  use  this 
method  in  very  cold  weather  without  causiog  many  complaints,  as  the  sprinkled 
water  immediately  freezes  and  causes  the  streets  to  become  very  slippery.  An 
appreciable  percentage  of  the  material  is  carried  up  and  backward  by  the  revolulaon 
of  the  broom  and  thrown  on  the  pavement,  to  remain  at  least  until  the  nextswe^nng. 
This  method  may,  however,  be  used  to  advantage  where  the  pavements  a^  very 
rough;  where  lai^ge  quantities  of  dirt  accumulate  rapidly;  and  where  a  high  standard 
of  cleanlineas  is  not  required;  such  as,  for  example,  a  street  paved  with  cobblestones 
or  Belgian  block  or  one  where  the  traffic  consists  of  heavy  trucking. 

Undoubtedly  the  nuvit  sanitary  method  of  cleaning  streets  is  by  waging,  the  degree 
of  cleanliness  depending  entirely  on  the  thoroughness  with  which  the  work  is  done. 
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It  18  practically  the  only  wny  to  en(ii«ly  r6aM>ve  &ne  dwat  amd  %\ao  thA  coating,  oon- 
igtiiig  of  mueoiu  froftt  hoPBendfo^iaQge,  lubnoatixg  oil,  and  v«ry  fine  parUcle«  o^  dirt, 
which  beconuM  {Mastered  to  certain  pavemeots,  i>articularly  eheet  asphalt.  Thi^ 
cempoaition  may  not  be  appainent  when  the  streete  are  dry,  but  becomei  a  thin  film  of 
mud  when  the  pavements  are  slightly  wet,  cau^iiig  a  very  slippery  and  dangeroae 
oonditiiiin.  In  any  gyBiem  of  wariiing  it  i$  nece«Bary  to  dampen  the  pavements  in 
order  to  loosen  this  fine  film  of  material  before  the  actual  washing  is  done. 

Heie  fluking  at  night  is  used  extensively  abroad,  bnt  in  the  UnitiKi  States  Uie  same 
result  is  accomplished  with  boras-drawn  or  motor  vehicles  which  are  filled  with  water 
at  the  hydrants  and  discharged  under  air  preeiure  Irom  nosales  at  either  ode  o|  the 
wagon  at  an  elevation  of  about  a  foot  above  the  paveisant.  The  air  pressufe  is  devel^ 
oped  from  the  pressure  of  the  water  at  the  hydrant,  or  by  mechanieiJ  means,  using 
part  of  the  power  which  in  furnished  lor  the  locomotioa  of  the  vehicle.  Flushing  is 
expensive  on  account  of  the  large  quantity  of  water  which  is  used  and  the  time  psquiittd 
in  filling  tlie  machines. 

A\^ere  the  rtMets  are  so  paved  as  to  present  a  bavd.  smooth  surlace  (such  m  sheet 
asphalt),  and  kept  in  good  repair,  these  flushing  methods  can  be  modified  by  die 
use  of  either  motorniriven  or  hoise-drawn  aqtieegees,  coaaisting  of  a  water-stomge 
tank  and  a  vevolving  broom  with  rubber  blades.  These  machines  are  opentted  in  a 
similar  manner  to  that  described  for  machine  brooflas,  in  batteries  of  three  or  four, 
preceded  by  a  sprinkler  to  loosen  up  the  fine  particles  of  material  adhering  to  the  pave^ 
ment,  the  dirt  remaining  in  the  gutters  being  collected  as  in  machine  work  <Nr  hy  hand 
patrol. 

Witiieut  considerii^^  the  additienal  amount  of  water  used  by  flushees,  the  cost  of 
sqiteegee  work  per  unit  of  .area  cleaned  is  only  about  ime^half  orone-thiixl  the  cost  of 
flushing  and  oonsiderahly  less  dirt  is  carried  by  the  water  into  the  sewers.  £ach 
squeegee  machine  shoitld  clean  about  €0,000  square  yards  per  aii^t^hour  day,  whereas 
one  flusher  oan  only  clean  about  80,000  square  yards  in  the  same  period . 

Hand  jiatroi  to  immediately  remove  the  btilk  of  the  material,  witii  washing  at 
regular  intervals,  makes  an  ideal  eombination.  Wnshsng  twice  a  week  AouJd  keep  the 
streets  in  exe^eni  condition  except  in  cases  wheM  the  traffic  is  unuauaUy  heavy. 

The  removal  of  dirt  from  alleys  should  be  done  in  the  residential  sections  about 
once  pes  week,  although  more  frequent  cleanings  may  be  necessary  in  congested 
sections.  Under  ordinary  conditions  a  gang  composed  of  a  one-horse  ^irii^ler,  three 
carta,  and  five  laborers  with  purii  brooms  riiould  clean  in  the  neighborhood  of  60,000 
yards  per  day. 

If  a  sufficient  number  of  wide  and  well-paved  alleys  within  reasonable  proximity  to 
ea(^  other  can  be  fbuudi  schedules  may  be  arranged  to  clean  such  alleys  by  a  gang 
oompoasd  ol  a  one-horse  sprinkler,  a  one-horse  machine  bixx)m,  and  a  sufficient  number 
of  laborers  to  sweep  the  portions  of  the  alleys  which  the  machine  broom  can  not  reach 
and  to  pile  the  dirt  in  the  windrow  left  by  the  machines.  These  piles  are  then  collected 
as  in  marhine*broom  work.  Under  ordinary  conditions  eight  laborers  and  three  or 
four  one-horse  carts  will  balance  up  a  gang  of  this  character,  which  should  dean  in 
the  neighborhood  of  90,000  square  yards  per  eight-hour  day.  * 

In  the  cleaning  of  macadam,  gravel,  and  unpaved  streets  iisiially  found  in  the 
suburbs,  a  convenient  unit  consists  of  10  laborers  and  four  or  Hxe  carts.  A  cleaning 
once  in  10  days  or  2  weeks  should  keep  such  streets  in  good  condition.  On  accoimt 
of  the  variable  accumulation  of  dirt  on  suburban  streets  the  area  swept  per  day  can 
only  be  approximated,  but  the  unit  as  described  above  should  average  throughout  the 
year  about  60,000  yards  for  an  eight-hour  day. 

The  cleaning  of  permanently  paved  streets  should  be  so  thorough  that  no  serious 
annoyance  from  dust  results,  but  on  macadam,  gravel,  and  unpaved  streets  which 
have  not  been  especially  treated  with  hesLvy  bituminous  material  for  permanent  dust- 
laying  purposes,  frequent  applications  of  water,  calcium  chloride  or  emulsion  oil 
should  be  made  in  order  to  relieve  the  dust  nuisance.  (^  r^r^n}^ 
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Emulsion  oil,  in  its  use  on  impaved  streets,  has  an  advantage  over  heavy  oil  in 
that  it  does  not  result  in  the  material  being  tracked  onto  the  sidewalkB  and  iato  the 
houses.  It  is  more  permanent  than  sprinkling  with  water,  and,  although  the  cost  of 
the  oil  is  of  course  greater,  yet  a  smaller  force  is  necessary  for  its  application,  ao  that 
during  a  season  the  costs  are  about  equal. 

Sprinkling  must  be  resorted  to  on  poorly  macadamed,  graveled,  or  unpaved  i 
on  which  emulsion  oil  is  not  effective. 

Calcium  chloride  is  a  chemical  resembling  rock  salt  which  is  spread  on  the  i 
in  thin  layers  with  shovels  or  by  q>ecial  spreading  machines.  Caldum  chloride 
absorbs  and  holds  the  moisture  from  the  atmosphere,  and  under  certain  oonditioDB  it 
is  said  to  work  very  satisfeu^torily. 

The  cost  of  dust  prevention  varies  considerably  but  averages  in  Waflhingtoffi  mbaat 
$0,015  per  square  yard  per  season  for  emulsion  oil  and  $0.02  per  square  yard  per  season 
for  sprinkling. 

The  removal  of  snow  is  a  very  difficult  problem  and  necessitates  a  large  expoiditiirs 
of  money  in  certain  cities  where  the  fall  of  snow  is  heavy  and  liable  to  remain  for 
extended  periods,  and  where  the  traffic  is  heavy  and  the  streets  are  narrow.  The 
only  solution  of  the  problem  is  to  arrange  for  the  acquisition  of  aU  available  labor 
and  means  of  transportation,  and  to  lay  out  the  work  ami  train  the  organization  before 
the  emergency  arises.  Successful  experiments  have  been  tried  in  using  sewers  to 
carry  away  i)ortions  of  the  snow.  It  can  also  be  deposited  on  vacant  lots  and  in  ont- 
of-the-way  places  or  adjacent  waterways. 

In  the  descriptions  of  the  methods  of  street  cleaidng  an  attempt  has  been  made  to 
convey  an  idea  of  the  expense  of  the  different  methods  of  street  cleaidng  by  slating 
approximately  the  horses,  labor,  and  amount  of  work  posedble  for  each  cleaning  unit. 
In  addition  to  this,  a  table  is  appended  giving  the  unit  street-cleaidng  costs  for  the 
dty  of  Washington  for  the  fiscal  year  ended  June  30, 1915. 

When  street-cleaning  regulations  are  enforced  prohibiting  the  accumulation  of 
unnecessary  dirt  and  trash  on  the  streets,  street  sweepings  when  they  are  promptly 
collected,  as  by  the  hand  patrol  method,  have  about  the  same  fertiliang  quaHties  as 
stable  manure  and  may  be  econondcally  disposed  of  or  even,  sold  for  this  purpose. 

BSTIMATBD  COSTS  PBB  CAPirA  OF  TWO  OF  THB  MANY  PBOJBCT8  0ON8IDBBED  BT  MB. 
IB  WIN  S.  08B0BN  IN  HIS  BBPOBT  BUBMITrBD  TO  THB  SIXTY-FOUBTH  CONOBBS8  OF 
THE  UNrrBD  STATES  ON  THB  BEST  METHODS  FOB  THB  COLLECTION  AND  DIBPOBAL  OP 
MUNICIPAL  BBFUSE  IN  WASHINOTON. 

Project  i.— Combined  collection  of  garbage  and  rubbish.  Separate  collections  of 
ashes,  dead  animals,  and  night  soil.  Disposal  of  garbage,  rubbish,  night  soil,  dead 
animals,  and  20  per  cent  ash  by  incineration  in  three  plants.  Remainder  of  ^mh  to 
be  used  as  fill. 

Project  t, — Separate  collection  of  each  class  of  waste.  Reduction  of  gufoage  and 
dead  animals.  Utilization  and  incineration  of  rubbish.  Ashes  disposed  <ji  as  filL 
Night  soil  sterilised  and  appUed  to  the  soil. 


Project  1. 

ProfeetS^ 

CoUeotioii  equipment 

10.298 
.880 
L620 

80.W 

Btabies...!:... :::::::::::::::::i::::::::::i:::i:i:.ii:,:]i:::]i]]:][]:^ 

.ao 

Incinerators 

Garbase-loadin£  stations 

.118 

Railway  cars  for  garbage i 

.088 

Garbage-reduction  w^in 

L180 

iinbbSh  ntilfration  and  lnf*<nenttf  ng  plant 

.808 

Total  capital  cost  per  capita 

3.180 

1860 

NoTB.— The  oost  of  sitea  for  stablflt,  loading  stations,  plants,  eta,  ara  not  Inoloded  In  tlw  aboifo  Oitta 
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Oarbage  ooUectkm 

Rubbtth  ooUection 

Ash  oollectioii 

Dead-animal  ooUectloii 

Nlght-soUooUectioii , 

Supervlsioii  and  overhead . 


Collection  ooit. 


Operation  of  indneratcn 

Operation  of  loading  stations. 
Operation  of  reduouon  plant . 
Operation  of  rubbish  plant. . . 

Freight  on  garbage 

DiQKwd  of  ashes , 

DiQKisal  of  night  sofl 


Disposal  cost 

Total  direct  cost. 


Interest  on  inTestment 

Depreciation  on  eqo^mient . 


Fixed  charges 

Total  direct  cost  and  fixed  charges. 


ineaser 
Reyenoe  from  fertiliser  base  manofactored . 

Rerenoe  from  dead-animal  ty-prodncts 

Revenue  tktnn  rubbish  recovered 

Revenue  from  steam  produced 


Total  revenue 

Net  annual  cost  per  capita. 


Proiectl. 


10.900 

.161 
.006 
.035 
.041 


.188 


.004 
.000 


.901 


.706 


.068 
.079 


.156 


.006 


.006 


.705 


Prefects. 


10.941 
.000 
.100 
.006 
.095 
.048 


.600 


.007 
.898 
.078 
.087 
.004 
.011 


.489 


1.069 


.000 
.084 


.174 

1.990 

.680 
.168 
.018 


.879 


Table  of  average  coeUfor  cleaning  a  thousand  square  yards  once  in  Washington^  D,  C, 
for  thefirnxU  year  ending  June  30, 1916, 


A. 


HandpatroL 

]lachine<* 

Flushing. 

Squeegeeinc. 

AUeydeanfiig. 

Suburban  street  cleaning. 


80.189 

80.161 

.140 

.180 

.104 

.988 

.116 

.188 

.881 

.408 

.328 

.408 

Wages  i>er  dfi^t-hour  day  were  11.50  for  laborers  and  11.75  for  drivers.  In  hand 
patrol  one  day's  work  is  considered  a  cleaning,  althou^  the  surface  may  be  gone  over 
several  times.  Column  A  includes  labor,  forage,  repairs,  renewals,  and  supplies. 
Column  B  is  column  A  plus  overhead  and  supervision.  No  charge  is  included  for 
water  used.  No  charge  is  included  for  purchase  of  horses,  as  they  are  supplied  by 
the  fire,  police,  and  other  departments.  Catch  basins  are  cleaned  by  the  sewer 
department.  The  dirt  from  the  flushing  and  squeegeeing  is  removed  by  hand  patrol. 
No  charge  for  interest  and  dejvedation. 
6843^— 17— VOL  VI 50 
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SESSION  OF  SUBSECTION  1  OF  SECTION  V. 

Raleigh  Hotsl, 
Tuesday  aflemoanf  January  4$  1^^^* 

Oh&iTman,  E.  L.  Cobthbll. 

The  session  was  called  to  order  at  2.30  o'clock. 

The  chairman  introduced  the  writer  of  the  first  paper,  Mr.  B.  F. 
Cresson,  jr.,  with  a  brief  statement  of  an  examination  which  he  bad 
made  himself,  as  far  back  as  1891  and  1897,  of  the  sea  coasts  of  Europe. 
In  part  he  said:  And  I  may  saj,  further,  that  I  offered  to  supply 
Mr.  Cresson  with  all  the  data  I  had  collected  during  all  these  yeais 
and  any  other  data  I  might  collect.  I  went  to  woik  to  collect  all  I 
could  from  Holland,  communicating  with  Mr.  Deking  Dura,  a 
Qovemment  engineer  in  Holland,  who  put  me  in  communicatuni 
with  four  or  five  of  the  leading  seacoast  engmeers  of  Holland.  As 
their  reports  came  to  me  I  turned  them  over  to  Mr.  Cresson,  and  you 
may  be  sure  that  this  paper  contains  very  important  matter  affecting 
not  only  the  United  States  coast,  but  tiie  coasts  of  South  America 
and  Central  America  as  well. 

SANDT  SEA  COAST  SHORE  PROTECTION, 

By  B.F.  CRESSON,  Jb., 
Chief  Engineer,  New  Jersey  8UUe  Board  of  Commerce  and  Navigation. 

This  paper  is  written  at  the  suggestion  of  Dr.  Elmer  L.  CortJiiell,  who  liai  fupplMd 
the  writer  with  most  of  the  data  for  the  deecriptiye  matter  of  irhal  has  been  done  in 
Europe. 

The  subject  of  the  protection  of  the  sea  coasts  against  erosion  by  the  sea  is  ^ 
ndilch  has  engaged  the  attention  of  engineers  ahnostfrom  the  beginning  of  dvilis^ti^' 
In  his  article,  entitled  *'The  war  against  the  waves,"  ^  Dr.  Corthell  begins  by  sayiog: 
"Between  land  and  sea  an  endless  battle  is  being  waged.  Ni^^t  and  day  the  waves 
are  continuing  their  assault  upon  the  shore  and  for  centuries  past  engineers  hft^^  ^^^^ 
struggling  against  the  powerful  invader." 

Coast  lines  are  continually  changing;  in  some  places  accretions  occur  and  Ib  o^^ 
places  erosions  occur.  In  some  localities  where  accretions  have  been  occunioS  Ij^ 
many  years,  the  situation  suddenly  changes,  and,  for  reasons  that  seem  scarcely 
sufficient,  erosion  sets  in;  and  it  is  the  problem  of  the  engineer  to  devise  ^^^^ 
whereby  damaging  erosions  may  be  arrested,  and  to  do  this  in  such  a  manner  as  do» 
to  promote  erosion  at  other  localities.  , 

Structures  placed  to  control  erosion  many  times  have  their  effect  on  localities  w 
distant,  and  it  is  most  important  in  the  design  and  in  the  consideration  of  shore  p^ 

i  BnstaMerlng  lUoort,  Apr.  U,  1914,  p.  406. 
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tection  to  omadtr  most  cftrefnlly  the  poedble  effect  of  ftractnres  upon  the  ooeet 
lines  within  the  entire  tone  of  their  influence* 

Thefo  are  two  genend  principlei  wfaidi  engineere  hare  adopted  in  plane  for  atree^ 
ing  coast  erosion:  First,  to  build  structures  whose  principal  puipose  is  not  to  <^>poee 
the  action  of  the  sea  but  to  control  it  and  direct  it  so  that,  by  changing  the  forces 
which  are  causing  erosion,  they  may  direct  them  in  sudi  manner  that  the  erosion 
win  cease.  This  principle  appears  to  be  the  logical  one  to  adopt  where  possible, 
but  in  some  cases  it  is  impracticable  to  so  change  and  control  the  forces  of  the 
elements  by  directing  them,  that  damaglTig  erosions  can  be  prevented.  In  these 
cases  the  second  principle  must  be  adopted,  and  that  is  to  build  structures  to  redst 
the  action  of  the  elements.  This  is  most  difficult  and  usually  expensive,  as  the  power 
of  the  ocean  is  limitless  and  any  structure  set  up  by  man  to  oppose  the  action  of  the 
sea  must  necessarily  be  massive;  and  in  spite  of  what  can  be  done  in  the  way  of  build- 
ing masonry  bulkheads,  walls,  jetties  and  breakwaters,  where  they  are  to  oppose  the 
action  of  the  elements,  there  are  continual  records  of  failure  and  necessity  for  recon- 
struction and  renewals. 

It  is  far  better  to  design  protective  works  with  a  view  to  directing  the  forces  of  the 
elements,  rather  than  designing  them  with  a  view  to  resisting  the  elements. 

In  Holland,  Belgium,  England  and  France  this  problem  of  coast  protection  has 
been  a  vital  one  for  centuries.  It  is  scarcely  necessary  to  call  attention  to  the  works 
which  have  been  created  there  to  protect  the  coast  lines  of  these  countries  at  certain 
localities.  Great  engineering  skill  has  been  exhibited  and  remarkable  results  have 
been  obtained;  and  lat^  in  this  report  there  will  be  given  diagrams,  plans,  and  de- 
scriptions of  some  of  the  more  important  structures  which  have  been  erected.  The 
great  tidal  variations  in  the  North  Sea  and  in  the  ocean  on  the  coasts  of  England  and 
France  have  rendered  the  problem  more  difficult  there  than  along  the  coast  line  of 
the  Middle  Atlantic  States,  but  the  Old  Worid,  with  its  thoroughness  and  with  the 
willingness  of  the  people  to  spend  large  sums  of  money  to  accompli^  results  and  with 
their  ability  to  see  for  enou^  ahead  to  cause  a  general  study  to  be  made  and  general 
plan  to  be  worked  out  and  carried  out,  have  succeeded  where  New  Jersey,  notably 
by  reason  of  the  construction  of  illy  designed  and  considered  works,  has  tailed  to 
protect  certain  parts  of  its  coast  line. 

New  Jersey  is  referred  to  because  it  comee  particularly  within  the  observation  of 
the  writer,  and  because  during  the  past  two  years  great  damages  have  been  done  to 
the  beaches  and  to  structiu'es  which  had  been  built  according  to  individual  plans, 
without  due  regard  to  a  general  scheme.  It  is  true  that  two  munidpalities  within 
the  State  appeared  to  realize  the  necessity  for  a  general  plan,  and  called  upon  the 
only  official  body  within  the  State  that  they  could  call  upon  to  prepare  a  general 
plan  for  the  protection  of  their  coasts;  and  although  a  plan  was  prepared  the  munici- 
paUties  did  not  adopt  it  and  resorted  to  some  cheaper  form  of  construction. 

The  situation  along  the  coast  became  very  serious  during  last  winter— so  serious,  in 
foct,  that  the  Senate  asked  the  New  Jersey  Harbor  Commission  (which  was  later 
merged  into  the  Board  of  Commerce  and  Navigation)  to  prepare  a  report  and  to  sub- 
mit it.  This  commission  submitted  a  short  report  in  which  it  stated  that  certain 
examinations  had  been  made  of  the  old  maps  and  of  the  changes  which  were  occurring 
and  stated  as  its  conclusion  that  "means  must  be  found  at  a  cost  within  reason  of 
building  up  the  beaches;  the  sand  which  has  been  eroded  must  be  replaced  with  sand, 
and  it  must  be  done  in  such  manner  as  not  to  injure  other  parts  of  the  beach  by  erod* 
ing  the  sand  from  them.  In  other  words,  the  sand  for  building  the  beaches  must  be 
taken  from  the  floor  of  the  ocean  well  outshore."  The  commission  stated  further  that 
''in  a  problem  of  such  magnitude  where  such  great  natural  forces  have  got  to  be 
directed,  no  plan  should  be  adopted  until  after  the  fullest  investigation  and  study," 
and  this  commiBsion  finally  recommended  that  a  thorou^  study  should  be  made 
extending  over  a  considerable  time  as  to  the  movement  of  the  sands  and  as  to  the 
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effect  of  certain  structures  already  built  and  rec(»mnended  that  it  would  undertake 
this  study  if  provided  with  the  necessary  funds  to  do  it;  and  further  it  estimated  that 
$35,000  would  be  needed  for  this  purpose.  But  this  apiNX)priation  was  not  made  and 
the  study  therefore  has  not  been  undertaken. 

NEW  Jersey's  problem. 

Considering  the  problem  of  the  coast  protection  of  New  Jersey,  it  should  be  remem- 
bered that  this  coast  line  for  its  entire  length  of  128  miles  is  composed  of  a  succeaaion 
of  cities  and  towns  devoted  almost  exclusively  as  health  and  recreation  centors  far 
the  people  of  the  Eastern  States.  The  floating  population  in  the  simmier  at  Atlantic 
Qity,  for  instance,  is  more  than  300,000,  and  these  people  come  from  all  parts  off  Hie 
country;  while  Atlantic  City  is  the  principal  resort  along  the  coast,  there  are  many 
others  of  importance.  Starting  at  the  southernmost  and  going  up  the  coasts  may  be 
mentioned  in  order  the  foUowing:  Cape  May,  Wildwood,  Stone  Harbor,  Avalon,  Sea 
Isle  City,  Ocean  City,  Longport,  Atlantic  City,  Beach  Haven,  Seaside  Park,  Bay- 
head,  Point  Pleasant,  Spring  Lake,  Sea  Girt,  Belmar,  Asbury  Park,  Ocean  GiOTe, 
Long  Branch,  Sea  Bright,  and  there  are  many  others. 

These  coast  resorts,  exceptiug  those  in  the  northern  portions  of  the  State,  are  on  a 
narrow  neck  of  land,  and  there  are  many  inlets  which  lead  from  the  ocean  into  the 
thoroughfares  and  bays  back  of  this  neck  of  land.  The  principal  attraction,  of  coime, 
Ibi  the  ocean,  but  much  boating,  sailing,  and  fishing  is  done  in  the  still  water  betweoi 
the  mainland  and  the  coast  resorts.  Bathing  in  the  ocean  is  of  first  importance,  and 
the  beaches  along  the  Jersey  coast  have  for  many  years  been  justly  celebrated  for  their 
safety.  In  years  past  the  beaches  in  the  southern  pcntion  of  the  State  have  been  flat 
and  even,  with  but  little  undertow,  and  there  has  been  very  little  tendency  for  these 
beaches  to  change,  and  practically  no  structures  have  been  placed  to  arrest  the  drift 
of  the  sand .  But  comparatively  recently,  owing  perhaps  to  the  building  of  structnies 
into  the  ocean  for  one  purpose  or  another,  owing  to  constructions  which  have  been 
built  to  maintain  inlets  and  to  improve  them,  and  to  the  general  encroachment  of 
property  owners  on  to  the  beaches  for  the  purpose  of  making  upland,  a  general  change 
in  the  beaches  has  started.  Accretions  have  occurred  at  certain  points,  notably  at 
Atlantic  City,  started  perhaps  by  jetties  and  breakwaters  which  were  placed  to  pie- 
serve  the  Absecon  Lighthouse.  At  the  northern  end  of  Atlantic  City  at  least  2,000  feet 
has  been  added  to  the  upland  witMn  35  years;  but,  following  these  local  accretiaDa, 
there  has  been  a  tendency  for  the  sea  to  tfode  the  beaches  at  contiguous  points  south 
of  Atlantic  City,  and  the  beautiful  beach  that  extended  all  the  way  from  Absecon 
Inlet  to  Egg  Harbor  Inlet  (that  is  between  the  two  inlets  north  and  south  of  Atlantic 
City),  which  was  up  to  a  few  years  ago  unencumbered  by  jetties,  must  now  be  pie> 
served  against  erosion  by  the  construction  of  jetties. 

Cape  May  is  another  instance.  The  beach  there  a  few  years  ago  was  reputed  to  be 
the  best  bathing  beach  on  the  coast;  it  had  a  gentle  slope  and  was  perfectly  regular. 
But  certain  works  which  were  built  to  the  north  for  the  purpose  of  opening  and  main- 
taining the  inlet  have  apparently  been  the  cause  of  a  change  in  the  beach  to  the 
south;  and  it  seems  likely  that  jetties  will  have  to  be  built  to  maintain  and  preserve 
the  beaches  at  Cape  May. 

These  two  instances  point  a  lesson  to  tlie  danger  of  interfering  with  the  forces  of 
nature  and  to  the  unwisdom  of  building  structures  out  into  the  ocean  without  regard 
to  anything  except  local  effect.  It  is  almost  always  possible  to  erect  stnictures  that 
will  cause  local  accretion  but  it  is  almost  always  inevitable  that  erosions  will  occur 
at  some  other  point. 

But  there  are  other  localities  along  the  New  Jersey  coast  which  have  suffered 
greatly  by  coastal  erosion,  which  are  probably  not  the  result«i  of  structures  built 
for  the  piupose  of  adding  to  the  upland,  and  this  is  notably  the  situation  on  the 
northerly  New  Jersey  coast,  particularly  between  Long  Branch  and  Sandy  Hook. 
It  should  be  noted  that  the  general  drift  of  the  sand  along  the  coast  is  northward  from 
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about  Bayhead  to  the  north,  and  southward  south  of  Bayhead.  In  other  words,  the 
sand  moves  toward  the  entrances  of  Delaware  Bay  and  of  New  York  Bay.  The  cause 
tjf  this  may  be  the  effect  upon  the  currents  produced  by  Long  Island  on  the  north,  as 
referred  to  in  a  paper  by  Mr.  Gerald  O.  Case,  in  Engineering  News,  dated  August  19, 
1915.  But  it  seems  likely  with  the  great  estuaries  of  the  Delaware  River  and  the 
Hudson  River  emptying  into  broad  bays  before  they  reach  the  ocean,  with  the  great 
volume  of  water  passing  in  and  out  at  each  tidal  period,  and  the  excess  flo^ving  out 
owing  to  the  drain^e  of  the  watersheds,  that  these  have  a  very  marked  control  upon 
the  direction  of  the  littoral  drift. 

Probably  the  greatest  damage  along  the  New  Jersey  coast  by  recent  storms  has 
occurred  between  Long  Branch  and  Sandy  Hook,  and  especially  in  the  vicinity  of 
Sea  Bright.  From  the  Government  reservation  at  Sandy  Hook  southerly  for  about 
3  miles,  thexe  is  a  narrow  neck  of  land  over  which  the  tracks  of  the  Central  Railroad 
of  New  Jersey  run,  and  there  are  some  cottages  along  the  Shrewsbury  River  side  to  the 
west.  The  raih'oad  tracks  are  directly  along  the  ocean  frontage  and  are  protected  by  a 
bulkhead  composed  of  two  rows  of  closely  driven  piles,  those  on  the  oc*ean  front  on  a 
batter,  and  the  space  between  the  rows  of  piles  is  filled  with  heavy  riprap.  Some 
short  timber  jetties  have  also  been  constructed,  but  until  the  present  year  have  not 
been  maintained  and  have  mostly  been  destroyed. 

The  railroad  company  have  experienced  great  difficulty  following  the  storms,  par- 
ticularly of  last  winter  and  the  winter  before.  The  ocean  has  washed  over  the  bulk- 
head and  has  in  some  instances  shifted  the  track  several  feet  and  the  operation  of  this 
railroad  has  had  to  be  abandoned  for  sometimes  as  much  as  a  week  at  a  time.  It  is 
significant  to  note  that  last  winter  after  the  severe  storms  there  was  a  slight  beach  in 
front  of  and  adjacent  to  the  remnants  of  the  old  timber  jetties,  whereas  where  the 
jetties  did  not  exist  the  water  was  directly  against  the  bulkhead  and  was  gradually 
deepening.  The  railroad  company  early  in  the  «pring  prepared  plans  and  let  con- 
tracts for  tlie  repairs  of  their  bulkhead  and  for  the  construction  of  33  jetties.  These 
jetties  were  to  be  200  feet  long,  and  the  northerly  eight  of  them  were  to  be  spaced  324 
feet  apart,  and  the  remainder  300  feet  apart.  They  were  to  be  of  wood  with  closely 
driven  piles  and  sheathing  and  at  the  outshore  end  were  to  be  at  the  level  of  mean 
low  water,  the  outer  100  feet  to  be  sloped  on  a  6  per  cent  grade  and  the  inner  100  feet 
to  be  level  with  the  top  6  feet  above  mean  low  water.  A\'ork  has  been  actively  pro- 
ceeded with  here  during  the  summer,  and  indications  are  that  these  jetties  will  succeed 
in  piling  up  a  beach. 

To  the  south,  at  Sea  Bright,  Low  Moor,  and  Galilee,  there  are  many  expensive 
residences  directly  along  the  ocean  frontage,  while  at  Long  Branch  the  highway  is 
along  the  frontage.  From  Sea  Bright  to  Long  Branch  the  ownership  of  the  riparian 
lands  is  mostly  private  and  the  structures  built  for  protection  against  the  ocean  are 
of  many  designs;  there  has  been  birt  little  cooperation  between  neighboring  owners, 
and  each  has  erected  the  type  which  met  his  indi^ddual  ideas  and  pocketbook.  The 
esult  is  a  great  variety  of  types  of  protection.  Bulkheads  have  almost  invariably 
been  used,  and  some  are  vertical  and  some  are  slanting  and  some  are  ciu^ed  and  <N)me 
are  angular.  Some  of  them  have  tight  platform^  back  from  the  top  of  the  bulkhead, 
and  almost  all  of  them  are  anchored  by  anchor  piles  in  the  rear  to  which  the  bulkhead 
is  tied  by  rods  and  struts  and  sometimes  by  both.  Jetties  and  groins  have  als  >  been 
built  of  various  types,  some  at  right  angles  to  the  bulkhead,  some  parallel  with  the 
bulkhead;  sometimes  as  many  as  three  or  four  rows  of  jetties  or  wave  screens  have  been 
built  parallel  to  the  bulkhead  at  various  distances  from  the  bulkhead,  and  heavy  rip- 
rap has  also  been  placed  in  many  places.  But  there  has  been  no  general  plan  pursued , 
and  the  general  result  has  been  such  a  variety  of  designs  and  theories  that  no  general 
protection  has  resulted  and  but  little  beach  has  been  built;  and  particularly  in  the 
lapt  two  years  great  damages  have  been  done  to  the  structures  and  to  the  buildings  jnid 
properties  behind  the  bulkheads. 
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The  damages  wrought  by  the  ocean  have  apparently  been  greater  dimng  the  pasl 
two  winters  than  previously;  but  perhaps  this  may  be  accounted  tar  by  the  general 
erosion  along  this  coast  which  has  probably  been  going  on  since  the  closing  of  the 
Shrewsbury  Inlet.  More  and  more  the  beach  has  been  receding  in  recent  years,  and 
closer  and  closer  has  deep  water  approacht^d  the  land. 

The  situation  at  Sea  Bright  and  ^dcinity  became  very  acute  during  the  two  preced- 
ing winters,  and  in  fact  so  acute  that  some  cottagers  have  abandoned  their  properties, 
while  others,  tiring  of  heavy  repairs  and  construction  accounts  each  year,  have  moved 
their  cottages  on  to  property  west  of  the  highway.  The  New  Jersey  Harlxv  Com- 
mission, although  not  directly  responsible  lor  the  protection  of  the  beaches,  was 
called  into  conference  and  studied  the  situation  as  best  it  c^uld  with  the  limited 
data  which  was  available  and  promptly  came  to  the  conclusion  that  the  stnicturef 
built  were  wholly  inadequate,  were  improperly  designed,  and  in  many  cases  actually 
aided  in  the  coast  erosion.  ^ 

In  the  study  of  the  situation  all  the  available  old  maps  were  constdted  to  determise 
if  possible  the  general  tendency  of  the  coastal  changes. 

The  1700  map  does  not  extend  as  far  south  as  the  Shrewsbury  Inlet,  but  evideetly 
that  inlet  existed  at  that  time,  as  Sandy  Hook  is  shown  connected  with  the  mainland. 

The  1777  map  shows  the  Shrewsbury  Biver  and  what  is  now  known  as  the  Nave- 
sink  River  emptying  direcdy  into  the  ocean  through  an  inlet  at  or  near  what  is  nov 
Sea  Bright,  and  it  shows  Sandy  Hook  attac:hed  to  the  mainland. 

The  1812  map  shows  the  Shrewsbury  River  and  the  Navesink  River  emptying  into 
the  ocean  through  the  Shrewsbury  Inlet,  but  the  point  south  of  the  inlet,  significantly 
nuurked  "Jumping  Point,"  advancing  to  the  north;  a  line  known  as  Black  Point 
appearing  in  the  inlet,  and  an  opening  made  by  the  sea  in  1778  making  Sandy  Hook 
an  island. 

The  1845  map  shows  the  extension  of  the  spit  south  and  north  of  the  Shrewsbury 
Inlet,  the  inlet  constricted,  and  the  mouth  of  the  Shrewsbury  River  being  changed 
from  the  ocean,  through  the  inlet,  to  Sandy  Hook  Bay,  through  the  passage  between 
the  mainland  and  Sandy  Hook,  and  shows  also  Sandy  Hook  seeking  to  join  the  sand 
spit  to  the  south. 

The  1856  map  shows  the  transition  period  in  the  mouth  of  the  Shrewsbury  Biy&t 
the  inlet  gradually  closing  up,  being  opened  again  for  biief  periods,  and  the  nver 
making  its  mouth  in  Sandy  Hook  Bay. 

The  1J»12  map  shows  no  inlet  at  the  mouth  of  the  ShrewsbiuT^  River  and  alJ  of  i^ 
water  emptying  into  Sandy  Hook  Bay. 

Now,  let  us  see  if  we  can  trace  what  has  occurred.  The  entire  present  coast  is  oi 
comparatively  recent  formation,  the  outshore  bars  have  been  added  to  until  they  came 
out  of  the  water  here  and  there,  and  the  formation  of  islands  has  begun  by  the  lodging 
of  drift  and  the  starting  of  vt^etation.  These  small  islands  increased  in  siae  by 
natural  accretion  and  gradually  the  inlets  between  them  contracted,  and  the  tendency 
was  to  form  a  continuous  sand  spit.  Many  of  these  islands  have  joined,  ancJ  i^* 
liewis  M.  Haupt  states  that  on  the  New  Jersey  coast  out  of  32  openings  within  the  V^ 
century  only  some  12  remain. 

The  drift  of  the  sand  in  the  section  shown  on  the  above  maps  is  toward  the  noitD 
and  the  northerly  progress  is  quite  rapid.  The  ebb  and  flow  of  the  tide  throiig^  ^ 
Shrewsbury  Inlet  tended  to  riow  down  the  drift  of  the  sand  and  probably  c«^ 
the  formation  of  extensive  bars  at  this  inlet,  particularly  to  the  south,  and  9^  ^ 
extensive  outshore  bar.  As  long  as  the  inlet  remained  open  these  bars  exi^  ^ 
formed  a  protection  to  the  beaches  to  the  north  and  south  of  the  inlet.  These  bai* 
became  so  extensive  that  they  gradually  blocked  the  inlet,  and  the  water,  fin^ 
an  easier  inlet  and  outlet,  transferred  the  mouth  of  the  river  into  Sandy  Hook  W* 
When,  however,  the  inlet  closed,  there  ceased  to  be  the  cross  current  cao0ed  by  ^ 
ebb  and  flow  through  the  inlet,  and  the  forces  which  formed  the  bar  disapp^^ 
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and  the  erosbn  of  the  bar  commenced.  The  ban  were  so  extensive  that  it  took 
many  years  for  the  effect  of  the  erosion  to  be  felt  on  the  uplands,  but  in  recent  years 
the  bars  have  disappeared,  deep  water  has  approached  the  beaches,  and  they  have 
been  seriously  eroded. 

Houses  at  Sea  Bright,  which  a  few  years  i^  had  beaches  100  feet  and  moie  wide 
between  them  and  the  ocean,  are  now  directly  on  the  ocean  and  attacked  by  every 
severe  storm. 

The  tendency  is  evidently  to  again  open  the  Shrewsbury  Inlet,  and  if  this  should 
occur  it  is  almost  without  doubt  that  bars  would  again  be  formed  near  the  inlet  and 
the  beaches  near  by  again  be  built  up. 

The  great  problem  at  Sea  Bright  is  not  to  build  biilkheads  to  resist  the  sea,  but 
to  build  structures  to  arrest  the  drift  of  the  sand  and  to  cause  protecting  bars  to  again 
form  outshore.  The  writer  has  expressed  his  opinion  that  a  system  of  low  jetties  or 
groins,  carefully  designed  and  located,  and  joined  to  a  bulkhead  of  substantial 
character,  with  a  sloping  broken  face,  would  be  most  effective  in  building  a  beach 
and  in  forming  protecting  bars.  A  heavy  breakwater  outshore,  parallel  to  the  diore, 
with  auxiliary  breakwaten  at  right  angles  to  the  shore,  has  been  suggested  and  would 
no  doubt  be  very  effective  in  arresting  the  drift  md  in  producing  accretions,  but 
this  would  involve  a  very  heavy  expense  and  it  seems  that  shore  jetties  would  be 
worth  1t3dng  before  embarking  on  the  project  of  the  outshore  breakwater. 

Reference  was  made  before  to  a  general  plan  for  coast  protection  designed  for  two 
municipalities  on  the  New  Jersey  coast.  This  plan,  designed  by  the  writer,  con- 
sisted of  a  heavy  bulkhead  and  a  series  of  low  groins,  and  may  be  briefly  described 
as  follows:  The  bulkhead  is  planned  of  timber  with  the  face  inclined  to  the  vertical 
and  witib  certain  of  the  waHnge  on  the  outside  so  as  to  break  up  tiie  receding  waves 
and  thus  minimise  the  scour.  A  tig^t  platform  has  been  planned  behind  the  top  of 
this  bulkhead  in  order  to  protect  its  back  from  the  water.  It  would  be  most  desirable 
to  give  this  bulkhead  weight  by  piling  in  it  large  quantities  of  riprap  and  heavy 
stone  but  the  cOst  of  stone  at  these  localities  is  very  great  and  we  have  sought  to  obtain 
the  same  results  in  another  manner.  A  platform  has  therefore  been  added  neeat  the 
bottMu  of  the  bulkhead  on  which  sand  is  to  be  piled  and  thus  add  its  weight  to  the 
btdkhead  to  aid  in  preventing  its  overturning.  This  platform  is  pertu^  a  novelty 
in  this  type  of  bulkhead  construction,  but  it  has  been  used  in  some  of  the  bulkheads 
in  New  York  City,  and  in  some  of  the  works  recently  constructed  in  Boston  Harbor. 

Means  must  be  found  to  add  weight  to  this  structure  otherwise  it  will  be  overturned 
and  lifted  in  the  same  manner  that  many  of  the  bulkheads  have  been  lifted  and  over- 
turned along  the  New  Jersey  coast  in  the  recent  storms,  and  with  a  stout  relieving 
platform  of  this  type  the  writer  believes  that  this  difficulty  will  be  overcome.  The 
loading  of  this  relieving  platform  with  sand  will  give  an  additional  weight  to  the 
structure  of  about  7^  tons  per  linear  foot. 

In  order  to  further  safeguard  against  the  possibility  of  underscour,  sheet  piling  is 
recommended  from  the  toe  of  the  apron  to  a  depth  of  8  feet.  It  seems  unlikely  that 
there  will  be  sufficient  erosion  to  get  below  the  toe  of  the  apron,  but  in  case  this  does 
occur,  sheet  piling  will  be  foimd  most  useful  in  protecting  the  bulkheads. 

Gross  bulkheads  are  also  indicated  on  the  drawing  to  be  placed  every  24  feet  so  that 
in  case  the  bulkhead  is  breached  at  any  point,  the  sand  will  be  retained  on  the  reliev- 
ing platform,  except  in  the  particular  section  which  is  breached.  Without  these 
cross  bulkheads  the  effect  of  a  breach  might  be  to  wash  out  the  sand  over  a  consider- 
able length  of  bulkhead  and  therefore  endanger  it. 

In  addition  to  this  form  of  bulkhead  a  timber  groin  has  been  designed  which  it 
is  believed,  in  conjunction  with  the  bulkhead,  will  tend  to  build  up  a  beach. 

These  groins  are  designed  to  be  built  2  feet  above  the  level  of  the  beach  as  it  now 
exists.  Provision  is  made  so  that  they  may  be  added  to  as  the  beach  rises,  and  the 
planks  that  are  added,  to  increase  the  height  of  the  groins,  are  comparatively  light, 
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60  that  in  the  event  of  the  beach  being  eroded  to  any  appreciable  extent  during  heavy 
storms,  this  planking  will  be  broken  and  destroyed  before  the  pile  supports;  the  pur- 
pose being  that,  if  anything  is  to  be  destroyed  by  the  force  of  the  waves,  this  planking, 
which  can  easily  be  replaced,  will  be  the  first  to  go,  and  thus  relieve  the  strain  on  the 
pile  supports.  It  is  recommended  that  the  groins  be  built  from  the  face  of  the 
bulkhead  to  or  beyond  low-watw  mark  and  they  should  be  spaced  300  feet  apart. 

It  will  probably  be  desirable  to  use  creosoted  timber  in  certain  parts  of  the  bulk- 
heads; this,  of  course,  will  increase  the  cost  of  construction,  but  owing  to  the  activity 
of  the  teredo  in  these  waters,  creosoted  timbering,  where  it  will  be  exposed  to  the 
attack  of  the  teredo,  will  probably  be  found  to  be  economical  in  the  long  nuu 

The  State  of  New  Jersey  has,  from  time  to  time,  considered  the  protection  of  some 
of  the  inlets  in  order  to  make  them  navigable  during  ordinary  tidal  conditions.  The 
inlets  are  constantly  changing  and  will  move  many  feet  sometimes  in  a  single  storm. 
The  State  of  New  Jersey,  through  the  Geological  Survey  Department,  has  undertaken 
to  open  up  the  Shark  River  Inlet  by  constructing  reinforced  concrete  bulkheads  and 
jetties.    These  have  been  built  at  a  cost  of  some  $70,000,  but  are  not  as  yet  completed. 

The  Government  has  expended  a  laige  amoimt  of  money  on  two  parallel  break- 
waters for  the  purpose  of  opening  and  maintaining  the  inlet  at  Ck>ld  Spring  Harbor, 
near  Gape  May,  but  in  spite  of  this  very  extensive  work,  it  is  generally  necessary  to 
do  a  large  amoimt  of  dredging  in  order  to  maintain  this  inlet,  and  it  is  believable  that 
these  breakwaters  are  having  a  destructive  influence  upon  the  beaches  to  the  south. 

An  interesting  type  of  coast  protection  has  been  constructed  at  Revere  Beach,  near 
Boston,  Mass.^  This  consists  of  a  flight  of  reinforced  concrete  steps  SO  feet  wide  and 
rising  a  distance  of  8  feet.  This  has  been  built  for  a  total  length  of  about  1,500  feet 
by  the  Metropolitan  Park  Gommission  of  Massachusetts  to  preserve  the  shore  at 
Revere  Beach.  Various  other  means  have  been  tried  to  preserve  the  parkway,  which 
is  immediately  adjacent  to  the  shore,  but  they  have  decayed  rapidly  and  could  not 
withstand  the  force  of  the  seas. 

Another  interesting  type  of  wall  for  coast  protection  has  recently  been  constructed 
in  San  Francisco  along  the  park  front. 

Holland  furnishes  probably  the  most  interesting  examples  of  what  has  been  done 
in  protection  against  the  sea.  Dr.  Gorthell,  in  his  article  on  "The  war  against  the 
waves,'''  interestingly  states  the  situation: 

The  whole  Netherlands  coast  of  the  North  Sea  was  protected  by  naturo  by  a  con- 
tinuous line  of  sand  dunes  placed  there  by  the  onshore  winds,  which  at  low  tide 
picked  up  the  sand  and  deposited  it  along  this  cordon  away  from  the  hightide  limits. 
About  600  years  ago,  in  successive  storms,  perhaps  accompanied  by  tidal  waves,  the 
sea  breached  these  natural  dikes.  At  places  far  behind  them  the  people  built  mounds 
(one  of  which  the  writer  saw  not  far  from  the  great  artiflcial  dike  of  Weetkapelle  on 
the  Island  of  Walcheron)  40  or  50  feet  hiffh,  as  a  refuge  for  the  inhabitants  of  the 
'^polders"  and  their  cattle  and  movables  \dien  at  times  the  sea  rushed  through  these 
great  breaches  half  a  mile  to  a  mile  wide  in  the  chain  of  sand  dunes. 

In  these  breaches  the  engineers  of  these  later  times  have  built  great  dikes  of  clay 
and  sand  and  have  permanently  protected  their  slopes  down  to  below  low  water,  aod 
have,  by  means  of  spur  dikes  or  groins  built  of  piles,  willows,  and  stones,  forced  the 
sea  to  recede — and  stay  receded. 

Westkapelle  Dike  on  the  Island  of  Walcheren  has  always  been  an  important  key 
work  of  Holland— Flushing.  A  report  by  Mr.  H.  Van  Gelderen  gives  an  interesting 
history  of  what  has  been  done  since  the  year  1450. 

In  early  times  there  had  been  a  small  island  called  Schoonevelde  at  the  mouth  of 
the  West  Scheldt,  and  while  this  existed  there  had  been  no  artificial  protection  works, 
but  about  the  year  1377  this  island  disappeared  by  the  action  of  the  sea,  leaving  ft 
shoal  which  blocked  the  mouth  of  the  river.    There  had  been  some  erosion  of  the 

<  See  Engfneering  Record,  Apr.  3, 1015,  p.  490.        « BnglDeering  Record,  Apr.  11, 1014,  p.  408. 
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adjacent  shore  but  it  was  not  until  the  fifteenth  century  that  it  was  found  necessary 
to  construct  protective  works  at  the  foot  of  the  dunes. 

The  inner  dike  at  the  village  of  "Westkapelle  occupied  the  place  where  the  present 
single  dike  is  now  located.  Previous  to  the  fifteenth  century  the  dunes  were  planted 
with  helm  J  a  long-rooted  grass,  and  no  other  protection  was  used;  but  about  the  begin- 
ning of  the  sixteenth  century  the  dunes  were  leveled  off  at  the  top  and  longer  slopes 
wer^  made  and  covered  with  a  layer  of  clay  with  willow  rods  on  top,  thus  extending 
theri  farther  inshore. 

T  e  first  groynes  were  probably  built  in  the  sixteenth  century.  A  great  deal  of 
mo  y  was  spent  for  oak,  stone,  and  willow  mattresses  about  1520.  Clay  was  spread 
ove  the  sand,  then  straw  fastened  down  by  withes  or  staples  of  straw,  then  a  layer 
of  r:  mIs  laid  at  right  angles  to  the  direction  in  which  the  straw  was  laid,  and  then  a 
layer  of  willow  rods  at  right  angles  to  the  reeds,  and  this  all  was  fastened  together 
by  short  piles,  spaced  14  to  16  inches  apart.  These  extended  from  6  to  7  inches  above 
the  level  of  the  rods,  and  around  them  stakes  were  driven  and  branches  were  woven 
like  a  basket  forming  a ' '  fence. ' '  Loose  stone  was  then  dumped  between  these  fences 
to  protect  the  mattress  and  this  work  extended  from  the  foot  of  the  dunes  to  high- 
water  line.  Above  high-water  line  at  first  the  dunes  were  protected  only  by  planting 
sea  grass,  but  later  were  protected  by  a  layer  of  clay  with  a  straw  mat  securely  fastened 
down  by  withes  or  staples. 

In  Westkapelle  the  policy  has  been  to  use  only  one  dike,  keeping  it  as  close  to  the 
sea  as  possible,  resorting  to  a  second  line  of  dike  only  when  every  other  means  has 
failed.  During  the  seventeenth  century  the  slopes  were  flattened  and  several  groynes 
were  built,  but  much  damage  was  being  threatened  by  the  sea  and  in  1682  the  dike 
was  broken;  the  sea  flowed  in  for  five  successive  tides  before  it  could  be  repaired. 
Work  was  continued  during  the  eighteenth  century,  the  dikes  were  more  securely 
protected,  and  loose  stone  was  deposited  at  the  foot  of  the  dikes,  and  many  groynes 
were  also  built  extending  from  the  dikes  beyond  the  low- water  line.  Erosions  con- 
tinued, however,  and  at  some  points  the  foot  of  the  dike  had  shifted  landward  more 
than  100  feet  from  1760  to  1812. 

During  the  nineteenth  century  stone  replaced  the  willow  mattresses  on  many  of 
the  slopes  of  the  dikes,  and  the  slopes  were  made  steeper.  Basalt  was  adopted  as  a 
more  durable  stone  than  limestone  and  sandstone  at  first  used,  and  the  stone  pro- 
tection was  carried  farther  up  the  face  of  the  dike. 

Conditions  recently  have  been  more  serious  at  Westkapelle  owing  to  the  constant 
deepening  of  the  sea  bottom  at  the  foot  of  the  dikes.  If  the  foot  of  the  dike  is  now 
waeiied  away,  it  will  be  most  difficult  to  restore  it,  and  to  build  up  the  dikes  farther 
landward  would  destroy  valuable  property;  heavier  stone  is  becoming  necessary,  and 
those  now  being  used  frequently  weigh  as  much  as  200  poimds  for  the  basalt  blocks 
and  2  tons  for  the  loose  stone.  During  the  storm  of  September  30,  1911,  it  is  stated 
that  no  less  than  130  stones  each  weighing  from  1}  to  2  tons  were  moved  many  yards, 
and  one  stone  weighing  over  6  tons  (7  feet  6  inches  long  by  4  feet  3  inches  wide  by  2 
feet  4  inches  thick),  which  had  been  placed  years  before  at  the  foot  of  the  dike,  was 
carried  for  more  than  30  feet  and  thrown  clear  over  some  piles,  the  tops  of  which  were 
more  than  3  feet  above  the  sand,  without  damaging  them  except  for  a  few  scratches. 

A  concrete  covering  was  tried  for  the  dikes,  made  of  molded  blocks  fastened  by 
iron  bars,  but  after  a  few  years  it  was  found  that  they  were  worn  down  to  half  their 
original  thickness. 

Mr.  Van  Gelderen  says: 

However  desirable  this  concrete  coverinje^  may  be,  it  can  not  be  implied  at  the 

Westkapelle  dike,  as  concrete  can  not  be  given  the  hardness  of  basalt.    [. ]    A 

construction  with  natural  stone,  carefully  cvHt  and  laid,  would  be  most  preferable,  but 
the  cost  would  be  so  enormous  that  we  mid  better  put  the  idea  out  of  our  minds  for 
some  time  to  come  and  be  satisfied  with  the  strong  but  far  from  perfect  basalt  slope. 
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The  protection  of  the  shores  and  dunee  at  l^e  Oude  Hoeve  on  Schouwen  is  Off  gmfc 
interest,  and  what  has  been  done  and  is  being  done  is  described  in  an  addreos  by  fi. 
Van  Gelderen,  engineer  of  the  polder  boards,  delivered  in  1914  before  the  Zeeowsdi 
Genootschap  der  Wetenschappen  (Zeeland  Society  of  Science),  a  copy  of  which  ysm 
sent  to  Dr.  Oorthell  by  H.  Van  Oordt. 

The  west  and  northwest  shores  of  the  Isle  of  Schonwen  are  exposed  to  -very  servn 
attacks  by  the  sea  and  dunes  have  existed  there  for  several  centuries.  In  the  ei^it- 
eenth  and  early  in  the  nineteenth  century  the  shores  were  rapidly  eroding  and  the 
dunes  were  losing  much  ground  and  more  ^ective  protective  measures  became  neces- 
sary. Hi^  groins  were  built  between  the  years  1834  and  1839,  but  these  were  not 
connected  with  the  dunes,  and  in  1833  and  later  saiui  dikes  were  also  eoBStmcted. 
These  groins  were  not  very  effective  and  were  not  properly  maintained  and  the 
dunes  continued  to  lose  ground  by  the  attack  of  the  sea. 

In  1851  the  three  groins  of  1834  had  entirely  disappeared;  of  the  six  smaller  grcns 
built  later  but  little  remained,  and  the  dunes  in  front  of  the  sand  dikes  of  1833  had 
entirely  wadied  away;  in  that  year  the  construction  of  low  groins  was  Started,  hot 
these  proved  of  little  value.  The  dunes  near  the  foot  were  also  covered  with  reeds 
and  mattresses  and  sown  with  sand  grass. 

In  1856  a  new  dike  was  built  about  400  feet  inshore  oi  the  old  ens  and  peftaned 
valuable  service  in  1859,  when  the  old  one  was  breached  during  a  sevet^  storsK 

About  1860  a  regular  program  of  shore  protection  was  determined  oa  as  Hie  sitoa' 
tion  was  becoming  very  serious,  and  a  series  of  groins  was  started. 

The  dunes  continued  to  erode  during  storms  even  in  spite  ef  the  groins,  and  the 
mattresses  proved  inadequate,  and  in  1898  a  start  was  made  to  iMTotect  the  foot  of  tbs 
dunes  by  paving  the  slope  with  basalt.  This  proved  very  efficient,  but  the  co^ 
amounting  to  $12.20  to  114.60  per  linear  foot,  was  thought  to  be  excessive. 

A  concrete  pavement  was  tried  in  1908  (de  Mundt  system),  and  is  ooosideted  a 
success,  the  cost  amounting  to  $6.70  to  $8.50  per  lineal  foot. 

In  1914,  a  berm  of  fascines  was  tried.  This  is  formed  as  a  mattress  of  willow  rods 
covered  by  a  layer  of  fascines  and  all  fastened  down  and  together  by  creosoted  piki 
and  wire  cables.  This  has  caused  an  accretion  of  sand,  but  whether  this  construc- 
tion will  withstand  very  heavy  Btonna  remains  to  be  seen.  The  cost  is  very  sli^t 
as  compared  with  the  basalt  pavement,  amounting  to  about  $0.80  per  lineal  foot 

The  cost  of  protecting  this  coast,  according  to  Mr.  Van  Qelderen's  PM>^f  amounted 
from  1833  to  1914  to  $240,000,  to  which  should  be  added  an  amount  (rf  $74,000  Bpeni 
for  maintenance  between  1872  and  1914,  making  a  total  client  of  $314,000  fot  the  pro- 
tection of  a  coast  line  fully  13,000  feet  long. 

Mr.  Carl  Weeeman  submitted  to  Dr.  Oorthell  an  interesting  study  for  a  sea  walli 
with  open  pipes  embedded  in  it  above  ordinary  water  level.  The  effect  of  these  pip^ff 
would  be,  according  to  Mr.  Webeman,  to  form  an  elastic  air  cushion  to  lessen  the 
impact  of  the  waves,  and  therefore  lessen  the  danger  of  the  wall  being  overturned  er 
destroyed. 

Mr.  H.  Van  Kuffeler  writes  from  The  Hague  to  Dr.  Oorthell  dated  June  13,  1915, 
concerning  coast  defense  works  in  Holland  in  part  as  foUows: 

The  construction  of  the  CToynes  at  Vlieland  is  stronger  than  anywhere  else  on  the 
Dutch  coast,  because  the  difference  in  height  of  the  seashore  level  is  greatest  h^ 
and  the  force  of  the  waves  is  greater,  as  protecting  sand  banks  along  Sie  coast  ar^ 
almost  lacking.  Oonsequently  a  total  reconstruction  of  coast  defmMes  was  neces* 
sary.  The  groynes  have  a  length  of  about  200  meters.  Formerly  thev  were  con- 
structed from  be^ning  to  end  of  fascines,  piles,  and  stone;  on  tiae  hi^est  part  oi 
the  shore  the  fascines  and  piles  must  be  renewed  about  every  five  or  six  3reafB,  and  so 
it  is  most  desirable  to  have  some  other  form  of  construction  for  that  part  of  the  gr^oBf 
and  I  projected  a  reinforced  concrete  construction,  the  description  of  which  is  givoff 
in  papers  presented  to  the  Institution  of  Oivil  EngineeiB,  Vol.  CLXXXJV, 
1910-1911,  part  II. 
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My  opinion  about  reinforced  concrete  works  in  set  water  and  abo>at  coaet  defensive 
works  *  *  *  I  am  convinced  that  in  many  cases  a  0ood  deal  of  work  can  be  done 
of  reinforced  concrete^  but  mat  care  must  be  taken.  *  *  *  In  engineering  prac- 
tice there  are  no  universal  methods.  Of  course,  reinforced  concrete  construction 
can  be  of  great  use  for  coast  defense  at  the  right  places,  but  not  everywhere. 

For  the  lower  part  of  the  groynes  at  Vlieland,  for  instance,  the  old  method  is  far 
away  the  best,  as  the  construction  is  much  easier  during  the  short  pmods  of  low  water, 
and  neither  the  cost  of  construction  nor  that  of  maintenance  is  higher  than  that  of 
reinforced  concrete. 

Concerning  the  work  on  the  Dutch  coast  to  the  north  of  Petten,  Mr.  H.  Wortmann 
sends  information  to  Dr.  Oorthell  from  The  Hague  under  date  of  June  20, 1915: 

Since  1898,  50  groynes  have  been  built  by  the  Qovemment  to  prevent  the  further 
erceion  of  the  dunes,  and  these  have  been  quite  successful  in  preventinjf  further 
erosion  and  in  building  up  the  dunes.  Every  year  five  or  six  groynes  are  being  built, 
and  soon  the  whole  coast  from  Petten  to  the  big  Helderdyke  will  be  protected  by 
groynes. 

llie  groynes  extend  beyond  low-water  line,  and  the  sea  ends  are  constructed  of 
fascine  works  and  stone. 

Since  1910,  the  land  ends  have  been  built  of  reinforced  concrete  for  a  length  of  160 
to  200  feet.  This  has  been  rather  an  experiment,  the  cost  being  estimated  as  less 
than  that  of  the  old  form  of  construction  of  fascines.  As  reinforced  concrete  is  prac- 
ticable only  on  the  high  pivt  of  the  groynes,  that  remains  dry  at  ordinary  high  water, 
the  length  of  this  construction  can  only  be  a  relatively  small  part  of  the  whole  length 
of  the  groyne,  and  the  savins  effected  is  rather  insignificant.  Of  the  total  amount 
of  $12,000,  which  represents  the  cost  of  a  groyne  of  ormnary  size  on  the  north  Holland 
coast,  only  $1,200  is  due  to  the  land  end  of  reinforced  concrete. 

On  the  whole  the  construction  by  reinforced  concrete  as  applied  on  the  North  Hol- 
land coast  has  proved  sufficient,  yet  in  the  winter  of  1914-15  tne  land  ends  of  some  of 
the  groynes  were  seriously  damaged  by  a  heavy  gale  during  which  the  strand  was 
washed  out  by  the  tidal  currents,  ?diich  was  followed  by  the  undermniing  of  the  con- 
crete layers  and  the  breaking  down  of  die  whole  construction.  In  mixing  the  concrete 
puzzolajia  (trass)  was  addedto  the  Portland  cement  at  the  rate  of  1 : 2  in  order  to  pre- 
vent corrosive  action  of  the  sea  waiter  on  the  cem«Bt.  No  corroflion  whatever  is  to 
be  observed  at  present. 

My  oiiinion  on  the  application  of  reinforced  concrete  in  the  construction  of  groynes 
is  ihAt  out  little  advantage  can  be  obtained  by  it;  and  that  the  old  construction  of 
fascine  work  and  stone  affords  more  security  if  the  strand  is  washed  out  by  the  action 
of  the  sea. 

R.  G.  AUanson-Winn,  M.  Inst.  C.B.,  now  Lord  Headley,  in  a  paper  on  ''Foreshore 
protection/'  delivered  before  the  Royal  Institute  of  Public  Health  at  Eastbourne 
in  1901,  states,  among  other  things,  the  following: 

Given  a  free  hand  and  sufficient  funds  It  is  alwa^  possiMe  for  engineeis  to  keep 
the  sea  out  bv  means  of  a  wall  of  adeouate  strength  if  ue  foundationB  are  taken  weu 
down  below  the  low  water.  The  author  places  grovnes  first  in  the  list  of  protective 
devices,  because  they  help  to  utilise,  or  should  utmEe,  if  properly  constructed,  the 
current  and  wave  forces  of  the  sea,  and  at  the  same  time  may  lead  to  an  enormous 
saving  in  expense. 

There  is  probably  no  branch  of  civil  en|;ineering  where  disappointment  so  fre- 
quently follows  the  expenditure  of  money  as  it  does  in  that  connected  with  sea-defense 
work.  Of  all  methods  of  protecting  foreshores  that  advanced  by  the  late  Mr.  Edward 
Case  appears  to  be  the  most  scientific  and  successful.  Mr.  Case's  main  idea  was  to 
utilize  the  destructive  forces  of  the  sea  in  such  a  way  that  the^  should  be  induced  to 
cany  materials  to  and  deposit  them  in  situations  where  their  presence  is  needed. 
To  bring  about  this  result  he  devised  a  simple  form  of  groyne,  the  construction  of 
which  has  been  so  frequently  described  that,  for  the  purposes  of  this  paper,  it  is  suffi- 
cient to  say  that  if  is  of  timber,  is  easily  constructed  by  unskillea  workmen,  and 
that  it  is  economical  both  as  regards  construction  and  maintenance. 

These  long  low  groynes  are  edender  structures  which  create  no  scour,  run  down  from 
mean  sea  level  to  low-water  mark,  and  arrest  and  divert  shorewards  the  material- 
bearing  currents  traveling  along  the  shore.  They  present  but  little  surface  to  the 
force  of  the  waves  or  currents,  and  are  therefore  not  liable  to  destruction  during 
stormy  weather. 

Haltand-half  measures  should  be  avoided ;  tinkering  with  short  lengths  is  likely 
to  do  more  harm  than  good,  and  such  works  should  not  oe  undertaken  unless  a  shore 


Digitized  by  VjOOQIC 


784       PROCEEDINGS  SECOND  PAN   AMEBIOAN  80IENTIFI0  CONQBB86. 

can  be  treated  as  a  whole,  or,  at  any  rate,  a  reasonable  length,  such  as  half  a  mile  or 
more  dealt  with  at  a  time. 

The  authorities  at  most  seaside  places  are  quite  content  to  go  on  sp^endii^  mon^ 
in  the  happy  belief  that  what  was  good  enough  for  their  predecessors  is  gooa  enou^ 
for  them.  They  have  a  particular  aversion  to  anything  new,  and  the  saving  of  cost 
and  scientific  nature  of  a  discovery  seem  in  themselves  to  be  elements  and  facton 
to  be  regarded  with  suspicion  and  disfavor. 

One  of  the  most  interesting  examples  of  works  to  resist  the  action  of  the  sea  and  ta 
maintain  a  proper  channel  was  that  done  on  the  coast  of  France  at  the  mouth  of  the 
Gironde  River.  There  extensive  works  were  done  in  the  way  of  building  groins 
and  jetties  extending  into  the  sea  and  in  building  strong,  substantial  bulkheads  on 
land.  And  in  spite  of  any  construction  that  apparently  could  be  made,  the  works 
were  destroyed  during  heavy  storms.  Finally  a  breakwater  was  built  parallel  with 
the  shore,  as  near  low- water  line  as  possible.  This  breakwater  was  of  very  heavy  con- 
struction, being  largely  masonry  with  its  top  about  the  level  of  the  mean  tide  and 
with  laige  stones  imbedded  in  the  top  as  projections  in  order  to  break  up  the  waves. 
This  construction  has  proved  satisfactory  and  not  only  has  the  erosion  of  the  beach 
ceased,  but  beach  is  being  made  inshore  of  this  breakwater. 

The  description  of  this  work  appears  in  a  pamphlet  by  Gen.  W.  H.  Bixby,  dated 
1908. 

In  conclusion,  the  writer  wishes  again  to  state  that  a  very  laige  part  of  the  informa- 
tion in  this  article  has  been  supplied  by  Dr.  E.  L.  Corthell.  Acknowledgment  is  also 
made  of  the  valuable  services  rendered  in  the  preparation  of  this  paper,  in  the  pro- 
duction of  the  drawings,  and  in  the  studies,  to  Mr.  E.  J.  Murphy,  assistant  engineer, 
in  the  office  of  the  Board  of  Con^nerce  and  Navigation. 

The  Chairman.  This  subject  is  of  great  importance  along  the  whole 
coast  of  the  United  States,  with  the  exception  of  the  comparatively 
small  coast  line  that  consists  of  rocky  promontories,  and  also  to  the 
countries  of  Central  and  South  America  and  of  Europe.  We  have  in 
the  United  States  thousands  of  miles  of  coast  where  there  is  going  on 
a  constant  warfare  between  the  waves  of  the  ocean  and  the  coast  line. 
This  coast  is  f oimd  along  the  Atlantic,  on  the  Gulf  of  Mexico,  all  along 
the  Caribbean  Sea,  and  on  the  Pacific  Ocean.  It  is  a  great  lesson  to 
us  to  study  what  others  have  done. 

Is  there  any  discussion  of  this  paper  ?  If  not,  we  will  proceed  to 
the  next  paper  by  Dr.  Ram6n  Salas  Edwards,  of  the  Catholic  Uni- 
versity, Santiago,  Chile,  entitled  ''Discusi6n  sint^tica  del  trazado  del 
eje  hidrafilico." 


dis€Usi6n  sint£tica  del  trazado  del  eje  hidraOuco. 

Por  RAM6N  salas  EDWARDS, 
PfofeMT  de  la  Universidad  Catdlica  de  Santiago  de  CMU. 

I.     INTRODUCCldN. 

Gon  frecuencia  los  ingenieros  que  se  ocupan  de  irrigaci6n  y  caf das  de  agua  se  int€re- 
san  en  cuestiones  de  escunimiento  variado,  como  el  trazado  del  eje  kidrduUoo  o  super- 
ficie  libre  en  los  trayectos  de  canales  que  siguen  a  una  compuerta,  que  precedoi » 
una  represa  o  en  las  partes  en  que  hay  considerables  cambios  de  pendiente  o  eeccl^Of 
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y  tambi6n  necesitan  loe  profeeionalee  conocer  estos  feii6inenos  para  ju^ar  cientfficar 
mente  muchos  marco9  u  obras  de  distribucidn. 

Sin  embargo  se  ha  tratado  en  general  estos  problemas  solo  por  formulas  analiticas 
diUcilee  de  dominar  en  su  significaci6n  total  por  los  talentos  pr&cticos  de  muchos 
ingenieros  distinguldos  y  que  para  los  miamos  matemiticos  adolecen  a  lo  menos  de 
liinltaci6n,  por  las  especiales  hip6tesi8  aimplificativas  en  que  est&n  basadas,  tales 
como  las  seccionee  rectangulares  de  ancho  indefinido. 

El  objeto  de  esta  memoria  no  es  aino  exponer  la  ventaja  que  para  estos  estudlos 
ofrece  la  consideracidn  del  escurrimiento  criticoj  en  que  la  energia  total  es  minima,  que 
tiene  por  velocidad  la  celeridad  de  las  ondas  de  tra8laci6n,  que  correeponde  al  gasto 
m&ximo  y  que  separa  los  rfos  de  los  torrentes;  pues  la  experiencia  en  el  laboratorio 
y  en  la  cdtedra  de  Hidr&ulica  General  de  la  Universidad  Gat61ica  ha  ensefiado  al 
autor,  que  eeta  concepci6n  sint^tica,  Intimamente  relacionada  con  el  principio  de 
la  conservaci6n  de  la  eneigfa  en  las  corrientes  Ifquidas,  presenta  para  muchas  inteli- 
gencias  mayor  claridad  que  las  formulas  y  discusiones  analiticas,  cuyo  rigor  abstracto 
no  guarda  proporci6n  con  la  gruesa  aproximacl6n  de  las  bases  experimentales  y  de 
las  hip^tesis  pr^Ucas  en  que  se  fundan 

II.   DEFINICIONES. 

Para  precisar  la  cuesti6n  y  evitar  las  equivocacionee  que  una  diferencia  de  nomen- 
clatura  podrfa  producir,  conviene  definir  previamente  algunas  nociones 

Se  trata  del  movimiento  medio  local  permanente  de  una  corriente  Ifquida  descu- 
tierta,  gradualmente  variada. 

Se  llama,  siguiendo  a  Boussinesq,  movimiento  medio  local  el  de  un  liquido  hipo- 
b^tico  que  en  cada  punto  del  espacio  estuviera  animado  del  t^rmino  medio  de  las 
velocidades  con  que  el  liquido  real  pasa  por  eee  punto. 

Estas  velocidades  reales,  que  oscllan  con  derta  periodicidad  en  orientaci6n  y 
magnitud  por  la  pulsaci6n  de  la  corriente,  pueden  tener  t^rminos  medios  que  conai- 
derados  en  cortos  intervalos  de  tiempo  sucesivofl,  sean  constantes  en  cada  punto  y 
que  varien  sin  embargo  de  uno  a  otro;  en  este  case  el  movimiento  es  medio  local 
permanente;  pero  evidentemente  una  lenta  impermanencia  no  influye  en  la  cuestidn. 

Cuando  la  seccidn  mojada  por  la  corriente  permanente  tampoco  varia  a  lo  largo 
del  canal,  la  corriente  es  uniforme;  en  case  contrario  es  variada  y  se  designan  como 
gradualmente  variadas  las  que  van  sufriendo  alteracionee  suficientemente  paulatinas 
para  que  no  sea  necesario  tomar  en  cuenta  la  fuerza  centrifuga  de  loe  filetes. 

Ecuacidn  fundamental  de  la  hidr&ulica  ee  el  teorema  de  Bemouilli,  que  expresa 
la  conatanda  de  la  eneigia  en  ima  corriente  permanente,  cuando  se  preecinde  de  los 
frotamientos. 

En  cada  punto  eeta  eneigia  por  unidad  de  peso  es: 

£n  eeta  fdrmnla  Z  es  la  cota  eobre  un  piano  horizontal  de  referenda,  que  mide  el 
potendal  de  la  gravedad. 

La  altura  de  precddn  ^,  cuociente  de  la  preai6n  unitaria  dividida  por  d  peso  espedfico, 

68  en  las  condiciones  de  gradual  variaci6n,  la  profundidad  del  filete  liquido  que  se 
contempla  bajo  la  superficie  libre  del  canal,  si  se  deecuenta  en  todas  las  avaluadones 
la  presidn  atmosf^rica;  supuesta  la  incompredbilidad,  esta  altura  mide  por  unidad 
de  peso,  la  energia  que  de  cada  particula  del  liquido  ha  side  transportada  a  las  demim 
J  que  de  ellas  puede  volver  a  su  radicaddn  primitiva. 

El  tiltimo  t^rmino  oT  ^  ^  eneigia  cin^tica  de  la  unidad  de  peso. 
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Ia  mnui  de  Bcnouilli  ae  «cti«ide  fiftdlneiile  a  toda  la  eonimte> 
el  valor  que  correeponde  a  cada  filete  par  el  gMto  eknaatal  de  ^  •  iatgyando;  «■!» 
muna  calcukda  diempre  por  unidad  de  peso  ykbi 

Lob  doe  primeroe  sumandoe  Be  ban  de  referir  al  miamo  punto  de  la  seccida;  pero 
pueden  calculane  para  cualesquiera  de  ellos,  pues  en  todoe  dan  una  misma  aaiiia» 
llamafla  cota  piezom^trica,  que  Iguala  a  la  cota  de  la  Buperficie  Ubre. 

El  coeficiente  de  la  altura  de  velocidad  ee  ligeramente  superior  a  la  unidad«  pues 
el  ttonino  medio  de  loe  cuadradoB  de  las  veloddadeB  excede  al  cuadrado  de  la  velocidad 
media  U;  pero  en  laa  consideracioneB  que  siguen  no  bo  tomas&n  en  cuenta  estas  di£eT<ea- 
ciaB  y  Be  igualar&  en  definitiva  eete  coeficiente  a  la  unidad. 

m.  BBOUBBIMIENTO  CShlCO:  T0R&BNTB8  T  BfOB. 

Si  Be  eetudia  la  suma  de  BemouiUi  o  laa  enecgtee  unitariae  toCalee  que  en  uaa  co- 
niente  que  eecurre  en  un  canal  deecubierto  coirsBponderlan  al  miemo  gasto  en  la 
miflma  aeccidn  con  profundidad  de  agua  variable,  ae  encuentra  que  cuando  ^ata  es 


muy  paquefia  ea  minima  la  cote  pieaom^tiica  o  cote  aupetfidud,  pare  la  altura  da 
velocidad  tienda  al  infinito,  y  que  invaiaamente  cuando  la  ^mrfundidad  crece  inde- 
finidamoite  la  cote  Uande  al  infinite  y  la  altura  de  velocidad  a  cero. 

Entre  amboa  extremoa  que  bacen  infinita  la  suma  de  Bemouilli  hay  neceaaitamente 
un  valor  en  que  la  eneigla  que  poaee  la  oorriente  ea  minima;  en  eete  aitaaci6B  ae  dice 
que  la  corriente  eatd  en  crtm;  cuando  laa  velocidadea  son  mayorea  que  la  crftica  y  laa 
aeccionea  menorea,  las  conrientea  aon  torrmUa;  del  otro  lado  del  eacunimiento  critico 
ae  llaman  rio<. 

Si  ae  conaidefa  una  aeccidn  nofmal  fija  ABC  (lig.  1)  de  una  eorrienie  Cfxyo  eje 
bidr&ulico  tiene  una  inclinaci6n  t\  y  en  la  que  rige  la  ley  hidfoaUltica,  y  ae  calcola 
laa  sumas  de  Bemouilli,  tomando  el  piano  de  referenda  al  nivel  del  punto  nUuB  bajo 
del  fondo,  Uamando  h  la  profundidad  variable  se  tiene: 


^  COS  1  +' 


y  derivando  para  buscar  el  mlnimo  de  la  eneigia: 


coai  + 


aU   dU 

g  '   dh" 
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U4tiiYa(Ud6lav^]ooidadM  ]meda«xiKeayreBfu]idtod«ladertvadAd#ke8oci6n 
^■■Z,  ateadiendo  a  la  constanda  del  gasto: 

y  86  obtiene  aaf,  para  la  cacriente  crftica: 

.    cdU*    ^  m    Ocofli 
^*— ^'=^'^— 23- 

Si  en  esta  fdnnula  Be  reemplaza  a  por  la  unidad  y  se  llama  profandidad  media  jET  de  la 

aood6n  el  ouociaiUe-|-»  que 60  la piofundidad  del  rect^yogulo  equivalente  a  ella  con  el 

miamo  ancho  superficial,  y  se  supone  tambi^  igual  a  1  el  coseno  de  la  indinacidn, 
generalmente  muy  pequefia  en  los  canales,  Be  obtiene: 

|-|«-  ^-^^ 

la  altura  de  velocidad  erf Uca  es  pues  la  mitad  de  la  profundidad  media. 

Una  curva  constjniida  con  los  valoree  de  la  suma  de  Bemotiilli  Uevados  horiaon- 
talmwite  a  partir  de  un  eje  vertical  en  la  altura  de  agua  correepondiente,  tiene  por 
MintotaB  la  horinmtal  del  fondo  del  lecho  y  la  biaectriz  del  4ngulo  recto  que  ^ta 
forma  con  el  eje  vertical. 

Oaben  tedricamante  varioB  mfnimoB  y  miximoB,  cuando  la  forma  del  lecho  no  ee 
eendlla;  pero  en  estas  consideracioneB  no  se  atiende  a  ese  caso,  que  intereBa  para 
diBCutir  la  ineBtabiUdad  de  dertoB  eBCunrimientOB. 

El  gasto  crltico  que  oorreqxmdo  a  una  profundidad  media  H  ee  IH^gS,  y  llamaado 
q  el  goito  par  unidad  de  aneho,  ee  puede  escribir  la  siguiente  fdrmula  quo  permite 
efectuar  Iob  dUculoB,  aprovachando  tablaa  hidi&ulicaB  usualoB. 

g=0.71  H^j2gff 

coa  laa  tablaa  ordiaariaB  de  cuadradoB  y  cuboB  bo  tomaisft  simplemente  en  unidadeB 
m6tricaB: 

Lob  fen6meno6  de  escurrimiento  vaiiado  son  diferentOB  en  Iob  rfoB  y  torrentOB;  puee 
en  loB  primeroB  una  diaminuci6n  de  la  profundidad  liberta  eneigfa  para  veneer  Iob 
frotamientoB  y  en  Iob  otros  este  efecto  lo  tienen  Iob  aumentOB  de  altura  de  agua. 

Segtin  la  f6rmula  cUaica  la  celeridad  de  una  onda  elemental  poeitiva  o  negativa 
OB  la  Buma  algebraica  de  la  velocidad  de  la  corriente  y  de  la  celeridad  relativa  -JgH, 
para  cuyo  dUculo  H  tiene  la  misma  aignificaddn  anterior. 

For  lo  tanto  las  ondas  no  pueden  remontar  los  torrentes,  cuya  velocidad  es  mayor 
que  la  celeridad  relativa  de  ellas  y  a  esto  se  debe  que  las  perturbaciones  de  aguas  abajo 
no  influyan  en  el  escurrimiento  de  estas  corrientes,  a  la  inversa  de  lo  que  se  comprueba 
en  los  rfoB,  y  de  aquf  tambi^n  resulta  que  si  circunstancias  an^ogas  tienden  a  acelerar 
el  movimiento,  su  acci6n  llega  hasta  producir  el  escurrimiento  crftico,  por  esto  fre- 
cuente,  quedando  despu^  sin  influenda. 

Finalmente  es  esciunimiento  crftico  el  que  el  principle  de  gasto  m&ximo  determin 
Bobre  el  umbral  de  un  vertedero  de  pared  gruesa  de  cualquier  forma. 

En  efecto  siendo  ho  la  carga  aguas  arriba,  12,  {,  h,  el  &rea,  el  ancho  superficial  y  la 
altura  de  la  Becci6n  sobre  el  umbral,  el  gasto  vale: 

y  la  condici6n  de  miximo  es: 

y  por  lo  tanto  la  velocidad  del  escurrimiento  es  la  critica  -JgB. 
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Deffnese  pues  el  escurrimiento  crftico  por  eete  triple  car&cter  de  eoergisk 
de  gasto  m^bcimo  y  de  Idnite  ascensional  de  las  ondas. 

lY.   PR0FUNDIDADE8  DB  BlftGDCBN. 

Guando  una  corriente  es  uniforme  y  aun  cuando  las  secciones  mojadas  r%Tnbim 
gradualmente  de  forma  conservando  la  magnitud,  la  suma  de  Bemoailli  tiene  en 
las  diferentes  secciones  valores  iguales  referido  al  eje  hidriuiico,  y  con  relacidn  a 
un  mismo  piano  horizontal  de  comparaci6n  va  disminuyendo  continnamente. 

Esta  disminucidn  es  eneigfa  consumida  por  los  frotamientoe  y  queda  medida  per 
metro  corrido  por  la  pendiente  del  canal  que  es  la  del  eje  hidriulico  y  tambite  la 
inclinaci6n  de  la  Ifnea  de  carga,  cuyos  puntos  eeUn  en  cada  secddn  a  una  altma 
sobre  la  superficie  libre  igual  a  la  altura  de  velocidad  constante. 

La  p^rdida  de  energfa  o  pendiente  de  dicha  Ifnea  de  carga  es  fund^n  del  gaato  7 
la  seccidn  mojada;  se  acepta  pr^ticamente  que  en  cada  trayecto  de  una  conjenta 
variada  es  igual  a  la  que  corresponderfa  con  iguales  datos  a  una  corriente  unifonne, 
y  se  la  calcula  por  las  fdrmulas  usuales. 

En  general,  salvo  el  case  de  canales  de  forma  an6mala,  si  se  compara  las  pendientes 
que  corresponden  a  distintas  profundidades  de  agua  en  una  secddn,  las  menocca 
pendientes  se  refieren  a  las  maycves  profundidades,  y  asf  se  supondii  en  esta  memoria. 

En  lechos  de  secci6n  invariable,  tomando  alturas  igualea,  se  corta  ^^eae  ignaleB  y 
se  llama  profundidad  de  rSgimen  en  cada  punto,  la  altura  de  agua  que  el  gasto  con- 
siderado  tomarfa  con  la  pendiente  que  el  lecho  tiene  en  ese  punto,  en  movimiento 
unifonne. 

Si  las  corrientes  Uevan  una  profundidad  mayor  que  la  de  regimen,  las  Ifneas  de  caiga 
tienen  menores  pendientes,  van  ascendiendo  respecto  al  fondo  y  se  Uamarin  jmtoI- 
tada$t  y  en  case  contrario  depHmidoB, 

Se  denominan  lechos  de  pendiente  move  y  de  pendiente  fuerte  respectivamente  loe  qae 
originan  rfos  o  torrentes  como  corrientes  uniformee;  la  inclinaci6n  Ifmite  entie  ellas 
a  que  corresponderfa  la  profundidad  crftica  como  regimen,  se  llama  pendiente  crUioa. 

La  magnitud  t  de  esta  pendiente  resulta  de  la  ecuaci6n  siguiente  en  que  X  es  ^ 
perfmetro  mojado: 

y  tiene  el  valor  Ifmite  ^  cuando  la  profundidad  es  pequefia  en  comparaci6n  al  andio 
de  la  corriente. 

v.   FOBMA  DBL  BJB  HIDRXuLICO. 

Para  discutir  las  formas  de  los  ejes  hidr&ulicos,  puede  distinguirse  en  un  lecho  de 
secci6n  constante  los  aeaa  casos  siguientes  caracterizados  por  el  orden  de  eslas  ttm 
magnitudes:  profundidad  crftica  de  la  corriente  H„  profundidad  de  regimen  J?,  y 
profundidad  actual  h  que  las  condidones  de  la  cuestidn  detenninan  en  el  trayecto 
contemplado: 

A.  A>^>J7,  rfo  peraltado  de  pendiente  suave. 

B.  ^,>A>^,  rfo  deprimido  de  pendiente  suave. 

C.  Hr>H^h  torrente  deprimido  de  pendiente  suave. 

D.  1C>H^>Hr  rfo  peraltado  de  pendiente  fuerte. 

E.  n^h>Hf  torrente  peraltado  de  pendiente  fuerte. 

F.  H^Hf^'h  torrente  deprimido  de  pendiente  fuerte. 

Los  rfos  deprimidoe  de  pendiente  fuerte  y  los  torrentes  peraltados  de  pendienls 
suave  serfan  casos  contradlctoiios. 
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La  fonna  del  eje  hidi^ulico  resulta  de  aplicar  de  los  teorenuts  siguientee  los  que 
convengan  al  caao  conedderado: 

I.  Los  ejes  hldiiulicos  avanzan  alejdndose  de  la  profundidad  critica,  si  las  co- 
rrientes  son  peraltadas  y  acerc&ndose  si  deprimidas. 

II.  Los  ejes  hldrdulicos  se  elevan  del  fondo  del  lecho  ascendiendo  respecto  a  ^1 
con  la  pendiente  critica  limlte. 

III.  Los  ejes  iiidrdulicos  se  acercan  o  alejan  asint6ticamente  de  la  piofundidad  de 
r^gimeii. 

IV.  Los  ejes  hidi6ulico8  se  acercan  o  alejan  de  la  profundidad  crltica  con  indi- 
naciones  que  tienden  a  la  vertical. 

y.  Los  ejes  hldiiulicos  se  elevan  indefinidamente  con  inclinaciones  que  tienden 
acero. 

La  demostracidn  de  estas  proposiciones  resulta  de  las  consideraciones  anterioree. 
En  efecto: 

I.  En  las  corrientes  peraltadas,  cuyos  frotamientos  consiimen  menos  energfa  que 
las  uniformes,  va  aumentando  la  suma  de  BemouiUi  con  referenda  al  fondo  del  lecho, 
pues  la  pendiente  de  ^te  es  suficiente  para  veneer  los  frotamientos  con  la  profundidad 
de  regimen,  y  por  lo  tanto  el  eje  hidr&ulico  se  aleja  de  la  poeid6n  en  que  esta  suma  es 
mfnima;  e  inversamente  en  las  deprimidas. 

n.  En  las  corrientes  de  altura  infinitesimal  la  dnica  eneigfa  que  hay  que  con- 
siderar  es  la  altura  de  veloddad  infinitamente  grande,  ouya«  difiminudones  han  de 
veneer  los  frotamientos  tambi^n  infinitos. 

Q 

For  lo  tanto,  siendo  ^  la  veloddad,  se  tiene: 

-   Q>X        d  Q> 

y  reemplazando  dQ  pot  Idh  resulta  el  siguiente  valor  para  la  indinad6n  del  eje  req)ecto 
al  fondo: 

dh     g  X 

dTJ?! 

III.  Mientras  menor  es  la  diferenda  entre  hy  H^  menor  es  el  saldo  de  enMgia  que 
hace  variar  la  profundidad  de  agua;  la  rapides  de  variaci6n  tiende  pues  a  cero  con 
esta  diferenda,  y  como  en  general  son  comparables  laa  vafiadanes  de  altura  de  agua 
y  de  pendiente  de  la  llnea  de  carga  el  acercamiento  es  aaintdtico. 

IV.  En  las  cercanlas  del  mfnlmo  de  la  suma  de  BemouiUi  son  despredables  las 
variaciones  de  ella  y  se  requieren  grandes  desniveladones  para  absorber  pequefiaa 
cantidades  de  energfa,  y 

y.  A  medida  que  crece  la  8eccl6n  el  movimiento  tiende' al  repoeo  al  que  ccnres* 
ponde  una  horizontal  como  superfide  libre. 

La  forma  de  los  ejes  hidi&ulicos  que  resulta  de  estos  teoremas  queda  sintetizada  en 
los  seis  esquemas  adjuntos  (Fig.  2). 

El  paso  brusco  de  un  torrente  a  un  rfo  origina  la  discontinuidad  denominada  rtidJUo, 
que  se  verifica  entre  una  profundidad  inferior  a  la  critica  y  otra  superior  que  corres- 
ponda  a  la  misma  suma  de  BemouiUi,  disminuida  en  la  p^rdida  de  carga  singtilar 
que  ocaekma  el  ensandie  de  la  secddn  viva. 

El  trazado  de  los  ejes  hidriulicos  se  puede  hacer  p<»r  puntos  eecakmadot  mediante 
la  aplicad6n  suceeiva  del  teorema  de  BemouiUi  con  el  tfenino  oonectiiro  que  cones- 
ponde  a  lot  frotamientos;  para  esto  es  titil  el  griflco  anterior  que  reladona  la  pro- 
fundidad de  agua  y  la  altura  de  caiga  eobre  el  fondo  del  ledio. 

The  chairman  announced  the  reading  of  the  following  papers: 
Govemment   geographical  work    in   C!olombia,   by  M.  Elscobar 
Larraz4bal. 
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Engineering  work  of  the  United  States  (Geological  Survey,  by 
R.  B.  MarshalL 

Engineering  and  other  scientific  work  of  the  United  States  Coast 
and  Geodetic  Survey,  by  E.  Liester  Jones. 


BBIEF    STATEMENT    CONCERNING    MATHEMATICAL    GEOGRAPHY   Df 

COLOMBIA. 

By  M.  ESCOBAR  LARRAZABAL. 

In  the  year  1010  the  congroM  iimtituted  by  law  a  body  of  engineers,  which  is  offidaUy 
known  as  the  bureau  of  longitudes,  and  dependent  upon  the  ministry  of  foreign 


A- 
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A.  Rio  penUtado  pcodIent«  tuave.  j    .^ 


D.^RIoponatado  pcodteote  focrU. 


B.  RIodeprimldoiMDdlentetiiaTe. 


E.  Tomnte  p«nlUdo  iModieott  fdirto. 


0.  Tomnte  deprlmldo  pendlente  so»t6. 


F.  Torrente  deprimido  pcndJcote  fiMrta. 


affairs.    The  work  assigned  to  it  was  the  systematic  and  progressive  improvement  of 
the  map  of  the  country. 

In  view  of  the  pressing  need  of  an  accurate  map  for  official  use,  and  especially  ^ 
the  solution  of  some  problems  in  the  matter  of  international  boundaries,  the  boreifl 
adopted  a  plan  of  quick  surveys  which  at  the  same  time  guarantees  the  required 
accuracy.  This  plan  consists  in  covering  the  country  with  a  net  of  astronomical  po^ 
tions  which  'would  give  the  general  features  of  it,  and  in  gathering  afterwards  the 
topographical  details  either  from  the  old  maps  (the  most  trustworthy  amongst  wfaicb 
is  the  one  made  by  Col.  Codazzi)  or  by  means  of  quick  surveys,  using  the  compaa  ^ 
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the  data  of  tiine.  The  latter  means  has  been  employed  for  mapping  the  actual  course 
of  the  rivers. 

Of  course,  it  must  be  stated  that  this  method  of  obtaining  the  topographical  details 
is  only  provisional,  and  that  the  bureau  is  in  the  way  of  starting  the  exact  geodetical 
survey,  employing  therefor  the  best  and  most  modem  methods  and  instruments. 

The  astronomical  net  consists  at  present  of  over  500  positions,  for  the  determination 
of  which  the  considerable  number  of  lines  available  in  the  country  has  been  utilized. 
The  astronomical  method  put  in  practice  are  those  which  combine  the  greatest 
accuracy  and  shortness  of  time.  For  the  latitudes  we  have  found  most  useful  the 
method  devised  by  Dr.  Julio  Garavito  A.,  which  is  recommended,  for  it  complies 
better  than  any  otiier  with  the  requirements  of  simplicity  in  the  observations,  the 
invariability  of  the  instruments  being  used,  elimination  of  the  greatest  number  of 
instrument  errors,  elimination  of  the  effect  of  the  astronomical  refraction,  and  com- 
pensation, to  a  certain  extent,  of  the  personal  error  as  well  as  of  those  errors  arising 
from  the  limited  optical  "power  of  the  telescopes. 

This  method  gives  the  latitude  with  very  great  accuracy  by  the  use  of  only  a  plain 
theodolite  and  a  i)ocket  watch. 

For  the  drawing  of  the  map  we  have  used  the  sinusoidal  projection,  which  is  the  most 
suitable  to  represent  the  equatorial  regions.  The  maps  e^ow  the  exact  course  of 
rivers  and  waterways  and  their  location  related  to  the  most  populous  centers  for  which 
each  serves  as  the  principal  artery  of  communication.  It  also  shows  the  principal 
tributaries  of  rivers  and  some  of  the  railways  which  join  the  waterways  with  the 
capital  and  other  large  cities. 

In  illustration,  there  was  exhibited  one  sheet  showing  the  Magdalena  River  from 
its  headwaters  to  where  it  empties  into  the  Caribbean  Sea  at  Bocas  de  Ceniza. 


ENGINEERING  WORK  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY. 

By  R.  B.  MARSHALL, 
Chief  Geographer,  United  States  Geological  Survey, 

Inasmuch  as  the  geologic  and  land-classification  work  of  the  United  States  Geo« 
logical  Survey  is  presented  in  papers  on  these  subjects  in  other  sections  of  this  con- 
gress, the  following  discussion  is  devoted  to  the  activities  of  the  topographic  and 
water  resources  branches  and  the  topographic  surveys  in  Alaska. 

TOPOORAPHIO  BRANCH. 

The  Geological  Survey  has  been  in  existence  as  a  distinct  organization  since  1879. 
The  orgaidzations  which  it  succeeded  and  whose  functions  it  continued  to  perform 
and  gradually  to  enlarge  uix)n  as  new  duties  were  given  it  by  Congress  collected 
engineering  material  that  was  epitomized  in  topographic  maps,  and  geologic  material 
that  appeared  either  as  geologic  maps,  as  reports  on  geologic  problems,  or  as  data  on 
the  mineral  resources  of  the  territories. 

Early  in  the  survey's  history  it  was  recognized  that  a  topographic  map,  on  such  a 
scale  as  the  nature  of  the  region  studied  demanded,  was  indispensable  for  accurate 
geologic  work  and  for  the  adequate  presentation  of  the  results  of  geologic  surveys; 
therefore  the  topographic  branch  was  oiganized  for  the  preparation  of  base  maps. 

Although  these  maps  were  intended  to  serve  primarily  as  a  base  upon  which  to 
study  and  represent  the  geologic  formations  and  the  relations  of  the  coal,  oil,  and 
^ther  mineral  deposits,  one  to  the  other,  their  depth  below  the  surface,  and  the  probable 
extension  of  such  resources  in  unexploited  areas,  they  are  of  the  highest  economic 
imix)rtance  as  a  means  of  showing  the  location,  extent,  and  the  accessibility  of  lands, 
waters,  forests,  and  other  natural  resources,  and  are  also  of  great  practicid  value  in 
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planning  engineering  piojectB,  euch  m  the  improvement  of  highways,  the  constzuctioii 
of  railways,  the  water  supply  of  citiee,  and  other  industrial  improvements.  They 
are  extensively  used  hy  otJier  departments  of  the  (jrovemment,  such  as  the  War 
Department  in  connection  with  military  maneuvers  and  the  Department  of  Agn- 
culture  in  connection  with  its  soil  surve3rs  and  the  administration  of  the  natioiMl 
forests.  In  fact,  the  data  furnished  hy  the  maps  resulting  from  topographic  surveys 
are  so  varied  as  to  make  them  useful  in  every  public  and  private  activity  haviog  to 
do  with  the  surface  of  the  land. 

Topographic  maps  represent  portions  of  the  earth's  surface  in  three  dimensJona,  by 
means  of  three  coordinates— namely,  latitude,  longitude,  and  height  above,  or  depth 
below,  sea  level. 

The  word  "topographic"  as  used  above  applies  principally  to  relief  of  suriace. 
The  word  has  also  acquired,  by  common  consent,  another  significance,  namely, 
accuracy.  Maps  on  which  attempts  are  made  to  show  relief  are  usually  of  sndi 
degree  of  exceUence  that  accuracy  in  their  construction  has  become  a  chief  irnmm 
ior  their  existence. 

The  demand  for  precision  in  the  surveys  on  which  topographic  maps  are  based  has 
become  so  exacting,  and  the  degree  of  skill  required  to  present  it  in  final  shape  so 
great,  that  topographic  mapping  has  developed  into  a  distinct  branch  of  applied 
science,  differing  from  other  meUiods  of  surveying. 

The  topographic  branch  is  organized  under  the  direction  of  a  chief  geographer  into 
five  areal  divisions  (Atlantic,  Central,  Rocky  Mountain,  Northwestern,  and  Pacific), 
each  of  which  is  in  charge  of  a  geographer.  The  members  of  the  technical  force  aie 
graded  as  chief  geographer,  geographers,  topogrM>hic  engineers,  topographers,  assistant 
topographers,  junior  topogn^ers,  topographic  aids,  and  draftMneii,  numbering  at 
the  present  time  175  men. 

The  field  methods  of  the  topographic  branch  represent  the  results  of  gradual  devel- 
opment from  the  pioneer  work  of  its  early  organization  to  that  of  the  present  required 
standards.  Each  year's  experience  has  added  to  the  efficiency  of  the  caepe  and 
improved  its  methods  of  operation.  New  insdruBients  have  been  designed  and  im- 
provements added  to  those  already  in  use,  which  have  materially  aided  in  the  prose- 
cution of  the  work. 

A  detailed  description  of  these  methods  and  of  the  instruments  used  will  be  found 
in  a  book  of  topograikhic  instructions,  published  jMimarily  for  use  as  a  handbocdc  for 
the  topographic  branch,  cq;>ies  of  which  can  be  obtained  at  a  nominal  cost  from  the 
Superintendent  of  Public  Documents. 

Of  the  various  methods  used  for  representing  the  relief  of  any  region  cm  a  plane 
surface,  that  of  continuous  lines,  called  contours,  drawn  through  points  having  the 
same  elevation,  has  been  found  to  be  the  most  satisfactory,  and  this  method  has  been 
used  in  the  topographic  branch  since  its  organization. 

The  general  plan  adopted  for  mapping  the  United  States  consists  in  dividing  the 
country  into  quadrilateral  areas  (called  "quadrangles'*),  bounded  by  parallels  of 
latitude  and  meridians  of  longitude.  The  published  map  of  a  quadrangle  is  desig- 
nated by  the  name  of  a  principal  city,  town,  or  natural  feature  within  the  area  r^ 
resented,  and  the  names  of  adjoining  published  sheets  are  printed  on  the  margins. 

The  topographic  map  of  the  United  States  is  based  on  astronomically  determined 
positions  and  elevations  established  by  geodetic  methods. 

In  order  not  only  to  obtain  ccnrect  relative  locations  of  topogr^>hic  featores,  but 
to  ascertain  their  true  astronomic  positions  on  the  earth's  surface,  it  is  neceenry  to 
determine  the  geodetic  coordinates  of  a  number  of  fixed  points  in  each  quadrangle. 
This  is  done  either  by  primary  triangulation  or  by  primary  traverse,  the  method 
used  depending  upon  the  character  of  the  country  to  be  surveyed. 
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The  control  points  established  either  by  triangulation  or  traverse  are  permanently 
monumented  and  appropriately  marked,  and  serve  as  initial  points  for  the  develop- 
ment of  the  detailed  survey  of  the  area  and  as  reference  marks  for  future  use. 

Primary  levels  are  run  in  circuits  in  sufficient  quantity  to  insure  the  placing  of  at 
least  two  standard  bench  marks  in  each  township  or  equivalent  area  surveyed,  except 
in  forest-clad  or  mountain  areas,  where  at  least  one  such  mark  is  placed  in  each  town- 
ship. 

Permanent  bench  marks  are  established  along  level  lines,  at  intervals  of  approxi. 
mately  3  miles  unless  otherwise  instructed,  and  in  no  case  does  the  distance  between 
permanent  bench  marks  exceed  6  miles.  These  standard  bench  marks  are  either 
tablets  fastened  with  cement  into  solid  work  or  caps  on  iron  posts  that  are  set  3  feet 
in  the  ground  and  project  1  foot  above  the  surface.  These  bench  marks  are  ap- 
propriately lettered  and  the  elevation  is  indicate  to  the  nearest  foot.  The  maximum 
closure  error  of  such  lines  is  0.05  V  length  of  circuit  in  miles,  and  these  lines  are  devel- 
oped from  precise  nets  of  levels  previously  rim,  either  by  other  Federal  departments 
or  by  the  United  States  Geological  Survey. 

The  results  of  spirit  leveling  in  each  State  are  published  in  bulletin  form  for  free 
distribution. 

Published  topographic  maps  represent  quadrangles  including  areas  of  15-minute, 
30-minute,  and  1-degree  of  the  earth's  surface,  and  are  engraved  and  published  on 
the  standard  scales  of  1:62,500,  1:125,000,  and  1:250,000,  with  appropriate  contour 
intervals.  For  some  areas  of  particular  importance  special  large-scale  maps  are 
published. 

The  scale  of  each  map  is  indicated  on  its  lower  margin  (1)  by  figures  expressing 
the  fixed  proportion  between  linear  measurements  on  the  map  and  corresponding 
distances  in  the  area  it  represents;  (2)  by  a  graduated  line  representing  statute  miles 
and  fractions  thereof;  and  (3)  by  a  similar  line  indicating  distance  in  the  metric 
system. 

Analysis  of  the  cost  per  square  mile  of  topographic  surveys  in  different  parts  of 
the  United  States  shows  that  the  difference  in  scale  is  the  principal  cause  of  the 
variation  in  cost,  but  topographic  surveys  in  different  parts  of  the  country  for  maps 
of  the  same  scale  differ  widely,  depending  upon  the  varying  factors  entering  into 
the  prosecution  of  field  work. 

The  principal  factors  in  the  cost  of  work  on  a  given  scale  are  the  physical  charac- 
teristics of  the  country  under  survey,  the  wealJier,  and  the  conditions  that  affect 
the  health  of  the  topographers  during  the  progress  of  the  work. 

Because  of  these  factors  the  cost  of  topographic  surveys  published  on  a  scale  of 
1 : 62,500  ranges  approximately  from  $10  to  $30  per  square  mile,  that  of  maps  published 
on  the  1:125,000  scale  from  $6  to  $15  per  square  mile,  and  that  of  maps  published  on 
the  1:250,000  scale  from  |2  to  |6  per  square  mile. 

In  addition  to  the  funds  provided  by  Congress,  several  States  have  since  1884 
contributed  to  the  progress  of  the  work  by  annual  appropriations  which  have  been 
expended  by  the  United  States  Geological  Survey  in  cooperative  topographic  sur- 
veys within  their  respective  areas. 

Funds  available  for  topographic  work  during  the  present  fiscal  year  amount  to 
approximately  1610,000,  $175,000  of  this  amount  being  appropriated  by  certain 
States  for  cooperative  surveys. 

At  the  present  time  the  area  covered  by  topographic  surveys  represents  approxi- 
mately 41  per  cent  of  the  United  States. 

Index  maps  of  each  State,  diowing  the  quadrangles  topographically  and  geologi- 
cally surveyed  as  well  as  the  progress  of  work  in  unfinished  areas,  are  now  published 
or  in  process  of  publication  on  a  scale  of  1:1,000,000.  These  maps  show  at  a  glance 
the  atlas  sheets  obtainable  and  the  general  condition  of  work  in  other  portions  of  the 
State. 
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TOPOORAPmO  SUBYBTS  IN  ALASKA. 

When  the  Territory  of  Alaska  was  acquired  from  Russia  in  1867  comparatively 
little  was  known  of  the  interior  and  none  of  it  was  mapped  with  any  degree  of  accuracy. 

The  mapping  of  the  Territory,  intrusted  to  the  Greological  Survey  in  1898,  has 
steadily  progressed  until  approximately  25  per  cent  of  the  entire  area  has  been  topo- 
graphically surveyed. 

The  resulting  maps  of  these  areas  are  published  on  three  different  scalea,  repre- 
senting exploratory,  reconnaissance,  and  detailed  mapping. 

Exploratory  surveys,  which  are  published  on  a  scale  of  1:500,000,  are  usually  little 
more  than  traverses,  generaUy  foUowing  streams,  and  while  geographically  correct 
as  to  the  main  features,  are  lacking  in  detail.  The  earlier  surveys  of  Alaska  were 
mainly  of  this  character  and  were  along  the  major  streams,  partly  because  the  map- 
ping of  the  main  arteries  of  travel  were  of  the  greatest  importance  to  the  prospector 
and  others  entering  the  Territory,  and  partly  because  the  streams  afforded  the  easiest 
means  of  transportation.  Lack  of  knowledge  concerning  the  conditions  of  footing 
and  forage  for  horses  made  it  extremely  uncertain  at  first  if  pack  trains  could  be  used 
with  success.  Later  experience  proved  that  in  most  regions,  as  there  is  an  abundance 
of  grass,  it  was  feasible  to  utilize  pack  animals  as  a  means  of  transportation. 

Maps  of  the  greater  part  of  the  surveyed  area  of  Alaska  have  been  published  on  a 
scale  of  1:250,000.  These  reconnaiassance  surveys  cover  approximately  127,000 
square  miles  and  are  executed  with  a  degree  of  accuracy  and  a  detail  commensu- 
rate with  the  scale. 

In  regions  of  greater  economic  importance,  where  detailed  geologic  investigation 
of  the  mineral  deposits  is  demanded,  surveys  for  publication  on  a  scale  of  1:62,500 
have  been  made. 

In  addition  to  the  above,  in  one  district,  where  there  is  extensive  mining  develop- 
ment and  the  importance  of  the  ore  deposits  demands  very  detailed  geologic  studies, 
a  topographic  survey  on  a  scale  of  1:24,000  is  being  made. 

The  planetable  method  has  been  largely  employed  in  all  types  of  surveys,  and 
special  instruments  and  peculiar  applications  of  the  method  have  been  devised  and 
used  to  facilitate  this  type  of  work.  The  micrometer  attachment  to  the  alidade  has 
been  of  the  greatest  assistance,  especially  in  river  and  shore-line  traverses.  With 
this  instrument  it  is  possible  to  obtain  a  location  by  direct  reading  on  bases  from  1 
foot  to  300  feet  long,  according  to  the  distances.  It  has  been  used  to  determine  dis- 
tances as  great  as  15  miles. 

The  use  of  the  phototopographic  method  has  greatly  facilitated  and  accelerated 
the  surveys  of  certain  regions  adapted  to  its  use.  A  film  camera  has  been  adopted  in 
place  of  the  more  elaborate  and  cumbersome  plate  camera.  This  greatly  reduces  the 
weight  of  equipment  as  well  as  the  work  of  constructing  the  map  from  the  photographs. 
An  engineer  of  the  survey  has  developed  and  is  using  an  instrument  for  the  compila- 
tion of  maps  from  these  photographs.  The  use  of  this  has  greatly  accelerated  the 
office  work  and  increased  its  accimw^y. 

WATBR  BBSOUKCB8  BRANCH. 

The  water  resources  branch  of  the  survey  maintains  a  corps  of  engineers  who 
collect  records  of  stream  flow,  determine  the  quantity,  quality,  and  availability  of 
ground  waters,  and  study  the  best  methods  of  utilizing  the  water  resources  of  the 
country  with  special  reference  to  the  public  lands. 

Stream-flow  studies  have  been  carried  on  by  the  survey  since  1888.  More  than 
3,000  stream  measiurement  or  gauging  stations  have  been  maintained  for  periods  rang- 
ing from  a  few  months  to  many  years,  and  about  1,400  are  now  in  operation.  The 
data  collected  at  these  stations  show  the  total  flow  of  the  streams  and  the  fluctuation 
in  flow  throughout  the  period  of  record. 
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The  records  of  river  discharge  are  used  by  the  €k>yemment  in  connection  with  the 
administration  and  disposition  of  the  public  lands,  and  by  States,  munidpalitifis, 
and  private  corporations  or  individuals  engaged  in  developing  lands  by  irrigation, 
planning  or  operating  water-power  plants,  or  using  the  waters  for  municipal  supplies. 
The  data  are  also  essential  in  studies  of  flood  problems  and  the  drainage  of  swamp 
lands. 

Much  attention  has  also  been  given  to  investigations  of  the  quality  of  surface  water 
with  respect  to  its  value  for  domestic  and  industrial  uses  as  well  as  for  irrigation. 

As  the  survey  was  the  pioneer  in  the  work  of  measuring  the  flow  of  streams,  it  has 
been  necessary  for  its  engineers  to  develop  both  the  instruments  and  the  methods  for 
carrying  on  ^tna  work.  In  similar  work  being  carried  on  in  many  countries  the 
methods  devised  by  the  survey  have  been  largely  followed. 

In  its  studies  of  ground  water  the  survey  has  given  principal  attention  to  the  arid 
and  semiarid  areas  where  wells  or  springs  may  yield  tJie  only  water  available  for 
domestic,  municipal,  and  irrigation  uses.  A  lai^  amount  of  work  has,  however, 
been  done  in  all  sections  of  the  country,  and  many  reports  relating  to  the  water 
resources  of  small  areas  have  been  published.  The  work  includes  not  only  the  study 
of  artesian  water  and  the  stratigraphic  conditions  on  which  it  depends  but  also  the 
investigation  of  the  ground  waters  that  occur  in  sands  and  gravels  of  the  river  valleys 
and  that  may  be  obtained  by  means  of  relatively  shallow  wells.  The  reports  pub- 
lished show,  so  far  as  possible,  the  quantity  and  quality  of  water  and  the  possibility 
of  recovering  it  by  artesian  flow  or  by  pumping. 

The  classification,  administration,  and  disposition  of  the  public  lands  of  the  United 
States  depend  largely  on  the  availability  of  water  for  domestic  or  stock  supplies,  for 
irrigation,  and  for  industrial  uses,  including  power,  and  in  this  work  the  information 
concerning  the  flow  of  streams  and  the  availability  of  ground  water  is  fundamental. 
The  determination  of  the  character  of  land  in  different  parts  of  the  country  with 
respect  to  these  uses,  and  the  possibility  of  applying  the  water  to  the  land  are  studied 
by  the  survey  from  both  the  physical  and  the  economic  viewpoint. 

The  results  of  all  its  investigations  of  the  water  resources  are  published  in  the  sur- 
vey's water-supply  papers,  a  small  edition  being  distributed  free  of  charge. 

INTERNATIONAL  MAP  OF  THE  WORLD. 

While  the  question  of  an  international  map  of  the  world  has  been  discussed  for 
many  years  by  the  International  Geographicsd  Congress,  the  matter  did  not  assume 
tangible  form  until  November  16,  1909,  when,  at  the  invitation  of  the  British  Gov- 
ernment, representatives  of  the  several  governments  assembled  in  the  foreign  office, 
London,  and  adopted  resolutions  standardizing  an  international  map  of  the  world. 

The  early  adoption  of  the  Greenwich  meridian  and  the  metric  system,  two  points 
on  which  there  were  wide  differences,  paved  the  way  to  complete  agreement  on  all 
questions.  The  London  conference  agreed  that  it  was  desirable  that  a  uniform  set 
of  symbols  and  conventional  signs  be  adopted  by  all  nations  for  use  on  the  map  of 
the  world  on  the  scale  of  1 :1,000,000,  and  that  the  limits  of  the  sheet  should  be  uniform. 
The  sheets  are  to  include  4^  of  latitude  and  6^  of  longitude,  and  each  sheet  is  to  be 
designated  by  a  letter  and  a  number,  and  a  modified  polyconic  projection  in  which 
the  meridians  are  straight  lines  is  to  be  used.  The  zones  extending  from  each  side 
of  the  Equator  to  88^  of  latitude  are  given  letters  from  A  to  V,  preceded  by  the  words 
north  and  south.  The  polar  zones  are  to  be  lettered  Z.  The  sectors  from  longitude 
180^  east  or  west  of  Greenwich  are  numbered  from  1  to  60,  increasing  in  an  easterly 
direction. 

In  addition  to  the  above  designation,  each  sheet  is  to  bear  the  name  of  the  locality 
or  most  important  geographic  feature  in  the  territory  represented.  The  shape  of  the 
land,  as  well  as  the  floor  of  the  ocean,  is  diown  by  contours,  the  successive  alti- 
tudes to  be  indicated  by  a  system  of  color  tints.    All  the  lettering  is  to  be  in  varieties 
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of  Latm  characten,  the  names  of  the  features  being  in  the  Mime  color  as  the  conven- 
tional sign  of  the  feature  itself. 

The  United  States  Geological  Survey  is  intrusted  with  the  preparation  of  the  sbeeti 
of  the  international  map  of  the  United  States,  which  are  designed  pvimarily  for  na- 
tional use.  The  original  drawings  are  made  on  the  scale  of  1:500,000,  or  twice  the 
scale  of  the  intemation&l  sheets,  and  serve  as  a  base  map  for  all  national  purposes,  ae 
well  as  copy  for  the  international  sheets.  The  elimination  of  such  details  as  me  not 
desired  on  the  smaller  scale  and  the  introduction  of  international  symbols  and  ooIob 
are  readily  accomplished  in  the  engraving  and  printing.  International  sheets  fm 
the  United  States,  K-19,  (Boston,)  I-IO,  (Point  Conception,)  and  J>10,  (San  Fran- 
daco  Bay,)  have  been  published.  The  base  map  for  more  than  one-half  the  United 
States  has  been  prepared  and  the  assembling  of  additional  data  for  incorp(»ratioD 
in  international  sheets  is  in  progress,  as  is  the  preparation  of  the  base  map  for  new 
areas. 


ENGINEERING  AND  OTHER  SCIENTIFIC  WORK  OF  THE  UNITED  STATES 
COAST  AND  GEODETIC  SURVEY. 

By  E.  LESTEB  JONES, 
Sup€naiUefulent. 

A  full  and  complete  knowledge  of  the  coast,  its  nature  and  form,  the  character  of 
the  adjacent  sea  bottom,  the  positions  of  reefe,  shoals,  and  other  dangers  to  naviga- 
tion, the  rise  and  fall  of  the  tides,  the  direction  and  strength  of  the  currents,  and 
the  character  and  amount  of  magnetic  disturbance,  are  of  the  greatest  practical  value 
and  a  real  necessity  to  all  those  nations  whose  lands  touch  the  sea  or  who  have  any 
interest  in  its  commerce.  To  supply  this  very  needful  knowledge  the  governments 
of  the  principal  maritime  nations  must  and  do  make  surveys  of  their  coasts  by  such 
methods  as  seem  most  suitable. 

Some  idea  of  the  importance  to  this  country  of  surveys  of  its  coasts  may  be  formed 
when  we  recall  to  mind  that  the  coast  line  of  the  United  States  and  Alaska,  measured 
along  its  general  trend,  exceeds  11,500  miles  in  length,  along  which  a  vast  commerce 
is  being  carried  on.  The  length  of  the  actual  diore  line  which  must  be  surveyed, 
which  inchidee  that  ci  all  the  islands,  bays,  soimds,  and  rivers  in  the  tidal  belt, 
reaches  the  large  total  of  91,000  miles;  and  to  this  must  be  added  Porto  Bico, 
Guam,  Tutuila,  the  Hawaiian,  and  the  Philippine  Islands,  the  detailed  coast  line  of 
which  is  more  than  12,000  miles. 

The  Coast  Survey  (since  1878,  the  Coast  and  Geodetic  Survey)  dates  its  origin  from 
an  act  of  Congress  passed  in  1807,  during  the  i»^dency  of  Thomas  Jefferson,  authoi^ 
izing  and  requesting  the  President  of  the  United  States  to  cause  a  survey  to  be 
taken  of  the  coasts  of  the  United  States  and  to  undertake  such  matteiB  in  connection 
therewith  as  he  might  deem  j^oper  for  completing  an  accurate  diart  of  ev^y  part 
of  the  coasts  thereof. 

At  that  early  period  of  our  national  life  the  necessity  for  an  accurate  charting  of 
our  coasts  was  clearly  recognized,  though  no  very  de&iite  idea  was  held  of  how  ft 
work  on  so  large  a  soJe  should  be  carried  out.  In  March,  1807,  Mr.  Cfallatin,  then 
Secretary  of  the  Treasury,  issued  a  circular  letter  asking  for  the  submksion  of  plans 
for  the  carrying  out  of  the  survey  of  the  coasts  that  t^ould  unite  ccMrrectness  and 
practicability,  and  outlining  in  general  terms  the  view  held  by  the  Government  m 
to  "vdiat  was  desired  to  be  accomplished. 

The  plan  submitted  by  Mr.  F.  B.  Hassler,  of  Philadelphia,  in  response  to  Mr. 
Gallatin's  request,  was  accepted,  and  he  was  employed  to  take  diaige  of  the  survey 
of  the  coasts  of  the  United  States. 
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Because  of  the  external  relatioiiB  of  the  country  it  was  impracticable  to  take  any 
steps  toward  putting  the  plan  into  action  until  1811,  and  even  then,  before  the  work 
could  proceed  it  was  necessary  to  secure  instruments  with  which  to  do  it.  As  these 
were  not  to  be  had  in  this  country  it  was  necessary  for  Mr.  Hassler  to  go  to  Europe 
(England,  France,  and  Germany)  for  them,  where  he  remained  for  about  four  years 
supervising  their  construction  and  testing  and  standardizing  them.  The  most 
important  of  these  instruments  were  made  after  new  designs  prepared  by  Mr.  Hassler. 
In  accordance  with  Mr.  Gallatin's  directions  the  equipment  of  instnmients  was  made 
to  include  those  necessary  for  the  determination  of  boundary  Unes.  It  is  of  interest 
to  note  that  the  plan  for  the  survey  originally  laid  down  by  Mr.  Hassler  has  been 
essentially  followed  ever  since. 

The  chief  work  of  the  United  States  Coast  and  Geodetic  Survey  is  the  making  of 
navigational  charts  of  the  United  States  and  the  outlying  territory  imder  their  juris- 
diction. The  field  or  surveying  work  necessary  to  the  making  of  navigational  charts 
k  in  seven  different  lines,  which  given  in  the  logical  order  are  as  follows: 

1.  Astronomical  observations  to  determine  the  directions  of  lines  and  the  locations 
of  points  on  the  earth's  surface  which  are  made  known  by  the  astronomical  deter- 
mination of  their  distance  from  the  Equator  (the  latitude)  and  from  a  prime  or 
reference  meridian  (the  longitude)  which  for  all  navigational  charts  is  now  the  me- 
ridian of  Greenwith. 

2.  Triangulation,  including  base  measurements,  by  means  of  which  distances  be- 
tween paints  and  their  relative  positions  become  known. 

5.  Leveling,  by  means  of  which  the  elevations  of  places  throughout  the  country 
with  reference  to  mean  sea  level  are  made  known. 

4.  Tidal  observations,  for  ascertaining  mean  sea  level,  from  which  elevations  are 
reckoned,  and  for  predicting  the  rise  and  fall  of  the  tide  for  the  use  of  the  navigator, 
the  engineer,  and  others;  also,  during  a  hydrographic  survey,  for  the  reduction  ot 
soundings  made  at  any  time  to  what  these  soundings  would  have  been  if  made  at 
low  water  or  at  some  other  chosen  stage  of  the  tide. 

6.  Topography,  the  graphical  representation  by  conventional  signs  of  physical 
features  of  the  land  in  their  relative  positions,  as  also  the  industrial  features. 

6.  Magnetic  observations,  from  which  is  ascertained  the  direction  in  which  the 
compass  needle  points,  the  intensity  of  the  earth's  magnetic  force,  and  the  manifold 
and  ceaseless  changes  in  these  phenomena. 

7.  Hydrography,  which  embraces  the  delineation  of  the  bottom  of  any  body  of  water, 
showing  the  depths  of  water,  the  positions  of  channels,  shoals,  etc.,  or,  in  general, 
the  topography  of  the  submerged  portion  of  the  earth's  surface. 

The  Coast  and  Geodetic  Survey  is  obliged  to  perform  all  of  the  foregoing  operations 
in  order  to  secure  the  necessary  data  for  making  a  nautical  chart  of  any  part  of  the 
coast  of  appreciable  extent. 

To  assist  in  getting  a  clearer  view  of  the  character  of  the  above-mentioned  opera- 
tions, a  brief  account  of  each  in  the  order  named  is  given. 

ASTRONOJIT. 

During  the  earliest  years  of  the  Coast  and  Geodetic  Survey  its  astronomic  work  was 
done  for  the  determination  of  the  latitude  and  longitude  of  places  and  the  direction 
of  lines.  The  stations  at  which  these  data  were  determined  were  used  as  the  start- 
ing points  for  the  detached  surveys  along  the  coasts  and  for  the  topographic  and 
boundary  surveys  in  the  interior  of  the  country.  Since  the  detached  pieces  of 
triangulation  along  the  coasts  and  in  the  interior  have  been  joined  into  one  network, 
the  astronomic  observations  are  now  made  principally  to  supply  information  in 
regard  to  the  deflection  of  the  vertical  for  use  in  the  determinations  of  the  figure  of 
the  earth  and  for  the  study  of  the  duBtribution  of  materials  in  the  outer  portion  of 
the  earth's  crust.    During  all  of   its  existence  the  survey  has  made  astronomic 
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observations  of  a  somewhat  lower  grade  of  accuracy  for  the  approximate  detenniim- 
tion  of  the  latitude  and  longitude  of  magnetic  stations  and  to  determine  the  directioii 
of  the  meridian  at  each  of  these  stations. 

TRIANOULATION. 

In  any  survey  it  is  necessary  to  know  the  relative  positions  of  some  principal  pointi 
of  reference  upon  which  to  base  the  work.  When  the  area  Is  small  the  distances  may 
be  best  ascertained  by  direct  measurement,  but  when  a  laige  area  is  involved  or  high 
precision  required  the  method  of  triangulation  is  used.  This  involves  the  direct 
measurement  of  one  of  the  sides  of  one  of  the  triangles  and  the  angles  of  the  scheme 
of  triangles.  The  side  measurement  is  known  as  base  line  measurement,  which  is 
done  with  great  care. 

Three  classes  of  triangulation  are  recognized,  primary,  secondary,  and  tertiary, 
according  to  their  accuracy.  This  classification  has  no  reference  to  the  sizes  of  the 
triangles  involved,  but  to  the  accuracy  with  which  the  work  is  done.  Primary 
triangulation  is  used  In  extending  control  over  the  country  and  on  accurate  etate 
and  city  surveys.  By  means  of  primary  triangulation  the  distance  between  two 
points  may  be  determined  with  an  error  of  about  one  one-hundred-thousandth  pari 
of  the  distance,  or  probably  less  than  5  feet  in  a  hundred  miles. 

On  the  Atlantic  coast  a  system  of  primary  triangulation  begins  at  the  eastern  boun- 
dary of  Maine  and  stretches  to  the  Gulf  of  Mexico.  A  second  large  system 
extends  across  the  United  States  along  the  thirty-ninht  parallel  of  latitude,  coii> 
necting  the  surveys  of  the  two  coasts  and  furnishing  many  fixed  points  in  the  13 
States  through  which  it  passes.  Other  systems  of  triangulation  have  been  extended 
along  the  ninety-eighth  meridian;  along  the  Pacific  coast  from  Mexico  to  Canada; 
from  the  ninety-eighth  meridian  in  Texas  across  New  Mexico,  Arizona,  and  Cali- 
fornia, connecting  with  the  Pacific  Coast  triangulation;  from  the  thirty-ninth  parallel 
in  Colorado  northward  to  the  Canadian  line;  across  southern  Idaho;  and  from  the 
Atlantic  coast  triangulation  to  the  Mississippi  River  at  Memphis,  Tenn.  Under  the 
Engineer  Corps  of  the  Army  a  primary  triangulation  has  been  extended  over  the 
Great  Lakes. 

A  tertiary  triangulation  for  topographic  and  hydrographic  surveys  has  been  cmn- 
pleted  by  the  eurvey  along  the  entire  Atlantic  and  Gulf  coasts  and  that  of  Porto 
Rico,  and  practically  the  whole  of  the  Pacific  coast  except  Alaska.  Much  progresB 
has  been  made  in  the  latter  Territory,  and  in  the  Philippines  and  Hawaii  the  main 
triangulation  is  practically  completed. 

The  total  linear  extent  of  the  primary  triangulation  done  by  the  Coast  and  (jeo- 
detic  Survey  and  the  Lake  Survey  in  the  United  States  is  about  12,500  miles,  and 
the  exact  positions  are  known  for  about  15,000  objects,  marked  stations,  spires,  cupolaB, 
stacks,  towers,  beacons,  etc. 

Incidentally  the  triangulation  and  the  astronomical  observations  connected  with  it 
have  furnished  valuable  data  for  the  determination  of  the  figure  of  the  earth  and  the 
variation  of  densities  in  the  earth's  crust. 

PRECISS   LEVELING. 

In  its  general  execution  precise  leveling  is  similar  to  other  spirit  leveling,  differing 
only  in  such  modifications  of  the  instruments  and  methods  as  will  insure  results  ctf 
high  precision.  The  average  error  of  closure  of  the  circuits  in  the  modem  leveling 
is  about  one-tenth  of  a  millimeter  per  kilometer. 

A  network  of  precise  levels  covering,  in  a  general  way,  the  whole  United  States 
and  connecting  the  Atlantic  Ocean,  the  Gulf  of  Mexico,  the  Great  Lakes,  and  the 
Pacific  Ocean  has  been  run  by  the  Coast  and  Geodetic  Survey,  the  Army  Engineers, 
the  United  States  Geological  Survey,  and  other  organizations.  This  network  trav- 
erses 41  States,  and  there  are  10  connections  with  mean  sea  level,  6  on  the  Atlantic, 
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2  on  the  Gulf,  and  2  on  the  Pacific  coast.  In  this  system  about  32,000  miles  of  levels 
have  been  run  and  more  than  12,000  bench  marks  giving  standard  elevations  referred 
to  mean  sea  level  have  been  established  for  use  in  engineering  and  industrial  pursuits. 
Much  more  leveling  needs  to  be  done  to  meet  even  present  demands. 

TIDES. 

In  connection  with  the  impjrtant  duty  of  preparing  nautical  charts,  sailing  direc- 
tions, and  tide  tables,  the  Coast  and  Geodetic  Survey  has,  from  its  beginning,  carried 
«n  the  observation  and  discussion  of  tides  and  tidal  currents. 

Observations  of  the  tides  are  usually  made  by  direct  reading  of  a  graduated  staff  or 
by  a  self-recording  or  automatic  tide  gauge.  The  latter  is  employed  especially  where 
a  long  series  of  observations  is  required  for  purposes  of  study  and  analysis  for  the 
so-called  harmonic  constants  which  are  used  in  connection  with  the  prediction  of 
tides.  A  long  series  of  tides  has  been  observed  at  a  number  of  our  principal  seaports. 
The  mean  sea  level,  the  reference  plane  for  elevations,  is  of  course  ascertained  from 
the  tidal  observations. 

The  general  tide  tables,  published  by  the  Coast  and  Geodetic  Survey  each  year  in 
advance,  give  the  time  and  height  of  every  high  and  low  water  for  the  entire  year  at 
70  principal  seaports  of  the  world,  and  by  difierences  in  reference  to  these  the  tides 
at  over  3,200  other  ports. 

The  predictions  of  the  tides  are  made  by  a  machine  designed  and  constructed  by 
the  Survey.  With  this  machine  one  operator  can  make  the  predictions  for  a  year's 
tides  for  a  port  in  about  13  hours. 

TOPOGRAPHY. 

This  is  one  of  the  important  operations  in  charting  the  coasts  of  a  coimtry,  for  it  is 
essential  for  the  navigator  to  know  the  character  and  aspect  of  the  shores  touching  the 
water  that  he  is  traversing;  their  prominent  and  characteristic  features  are  his  guide 
in  navigating  his  vessel  when  near  the  shore.  For  this  reason  the  topographic  opera- 
tions have  been  mostly  restricted  to  a  narrow  margin  along  the  coast,  rarely  more 
than  3  or  4  miles  wide,  and  to  the  surrounding  harbors,  bays,  and  rivers  to  the  head 
of  tidewater. 

Several  methods  of  making  a  topographic  survey  are  employed  but  the  one  almost 
entirely  used  by  the  Survey  is  with  the  instrument  known  as  the  plane  table. 

The  plane  table,  for  topographic  purposes,  is  a  universal  instrument  and  with  it 
all  of  the  operations  in  the  field  necessary  for  producing  a  map  can  be  performed. 

IfAQNETIO  OBSERVATIONS. 

Navigational  charts  are  all  made  with  reference  to  the  true  meridian.  The  naviga- 
tor's guide  upon  the  sea  is  the  magnetic  compass,  which  refers  to  the  magnetic  meridian. 
The  true  meridian  and  the  magnetic  meridian  coincide  over  very  limited  portions  of 
the  earth ,  and  those  coincidences  are  constantly  shifting  position .  The  angle  between 
the  true  north  and  magnetic  north  at  any  place  is  called  the  magnetic  declination  or 
variation  of  the  compass.  This  variation  of  the  compass  must  be  ascertained  and 
placed  on  all  of  the  navigational  charts.  Each  chart  must  also  show  the  annual  change 
in  declination  over  the  areas  covered  by  it. 

All  of  the  earlier  land  surveys,  especially  in  the  eastern  half  of  the  United  States, 
were  made  with  the  magnetic  needle;  and  the  magnetic  bearings  of  the  lines  are,  and 
will  continue  to  be,  of  record  as  defining  the  original  boundaries  of  the  land.  The 
land  surveyor  in  reestablishing  the  lines  of  these  surveys  must  not  only  know  what 
the  present  variation  is,  but  he  must  know  what  change  it  has  undergone  since  the 
original  survey  was  made.  By  compilation  and  observation  through  many  years  the 
Coast  and  Geodetic  Survey  is  able  to  supply  this  information. 

True  meridian  lines  for  the  use  of  surveyors  and  engineers  are  established  in  con- 
nection with  the  magnetic  observations  at  many  places.    There  are  now  about  4,800 
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magnetic  stations  in  the  United  States,  or  one  for  about  each  620  square  miles.  In 
addition  to  the  determination  of  the  magnetic  elements  at  many  widely  dialaibatod 
points  and  their  frequent  redeterminations  to  obtain  the  secular  dumges,  specbl 
observations  are  made  at  several  base  stations  with  self-recording  instruments  for  ^ 
purpose  of  obtaining  continuous  records  of  the  fluctuations  of  the  earth's  magnetism. 
The  results  of  the  magnetic  work  are  shown  on  the  magnetic  charts  and  othenriBe 
communicated  to  the  public  in  publications  dealing  with  the  subject. 

HTDROOKAPHY. 

To  the  navigator  the  results  of  the  hydrographic  work  are  the  most  important  f  eatura 
represented  on  a  chart.  The  chief  operation  in  a  hydrographic  survey  is  making  the 
soundings  for  the  depth  of  the  water.  These  are  made  either  with  a  hand  line  or  « 
sounding  machine,  depending  upon  the  depth  of  the  water.  Power  boats  and  diipi 
are  now  almost  exclusively  used  in  running  sounding  lines.  When  sounding  in  deep 
waters,  piano  wire  is  used  on  the  sounding  machine.  In  running  sounding  lines  the 
position  of  the  sounding  boat  must  be  known,  as  well  as  the  stage  of  the  tide  wbeo 
each  of  the  soundings  was  made. 

The  hydrographic  operations  have  extended  as  far  out  from  the  coast  as  ia  neceMary 
for  the  interests  of  navigation,  and  have  included  the  harbors,  channels,  bays,  etc., 
in  all  areas  surveyed.  Deep-sea  soundings  have  been  made  extensively,  especially 
in  and  near  the  Gulf  Stream. 

Hydrographic  siu^eys  with  the  lead  line  will  develop  the  slopes  of  the  bottom,  but 
do  not  with  certainty  reveal  all  of  the  dangers  to  navigation.  Along  the  coasts  of 
Maine  and  Alaska,  where  there  are  isolated  rocks  and  ledges  rising  up  from  the  bottom, 
or  in  the  tropical  regions  where  the  shores  are  fringed  with  coral  reefs,  the  work  must 
be  supplemented  by  special  examinations.  The  extension  of  ocean  commerce  and 
its  increasing  demands  make  it  necessary  to  do  much  special  examination  work.  In 
order  to  be  certain  that  all  obstructions  nearer  the  surface  than  a  specified  depth 
have  been  found,  the  area  is  swept  over  by  what  is  known  as  a  wire  drag.  This  is 
essentially  a  wire  or  wire  cable  of  any  desired  length  (24,000  feet  is  the  maximum 
used),  supported  at  intervals  by  buoys  which  are  so  arranged  that  the  submerged 
wire  can  be  set  at  any  required  depth.  This  apparatus  is  towed  through  the  water 
by  two  or  more  boats,  and  if  no  obstruction  is  encountered  it  is  certain  that  no  dangcn 
exist  at  less  depths  than  the  depth  to  which  the  drag  is  set.  About  2,200  square  miles 
of  water  area  in  the  harbors  and  channels  and  along  the  coasts  of  the  United  States, 
Alaska,  and  Porto  Rico  have  now  been  swept  with  the  wire  drag. 

The  survey  has  a  fleet  of  7  steamers,  1  schooner,  3  large  launches  and  a  number  of  small 
ones.  In  addition,  4  vessels  loaned  by  the  Philippine  government  are  operated  by 
the  survey  in  the  Philippine  Islands. 

OTHER   WORK. 

Coincident  with  its  chief  work  of  nautical  chart  making  the  survey,  throughout 
its  history,  has  done  much  work  in  the  delineation  of  boundary  lines,  National 
State,  and  coimty;  and  has  given  much  assistance  and  cooperation  in  the  oyster 
surveys  of  a  number  of  the  Atlantic  and  Gulf  Coast  States. 

The  study  of  the  force  of  gravity,  one  of  the  great  geodetic  subjects,  has  received 
attention  for  many  years,  and  the  survey  has  developed  methods  and  instruments  with 
which  the  work  can  be  done  at  low  costs  and  with  a  high  standard  of  accuracy. 

Incidental  to  the  regular  work  of  the  survey  *s  magnetic  observations,  seismogr^ 
are  operated  at  each  of  its  magnetic  observatories  for  securing  records  of  earthquakes. 

Availing  itself  of  the  data  gathered  in  the  course  of  its  daily  work,  the  survey  !»** 
engaged  in  investigations  and  research  in  geodesy,  the  tides,  and  terrestrial  magnetisoii. 

The  principal  publications  of  the  survey  consist  of  about  650  different  charts  coy€^ 
ing  all  the  coasts  of  the  United  States  and  its  outlying  insular  possessions;  annual  tide 
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tables  for  all  of  the  principal  and  many  of  the  minor  ports  of  the  world ;  Coast  Pilots,  giv- 
ing sailing  directions  and  other  nautical  information  for  all  navigable  waters  along  our 
coasts;  special  publications  which  give,  in  suitable  form  for  use  by  geodesists,  survey- 
ors, and  engineers,  the  geographic  positions  and  descriptions  of  triangulation  stations, 
the  elevations  and  descriptions  of  precise  leveling  bench  marks,  and  data  for  the 
magnetic  stations,  including  the  magnetic  declination  and  true  meridian  lines  for  the 
use  of  surveyors  and  engineers;  the  annual  report  of  the  superintendent  on  the  conduct 
of  the  work;  and  special  reports  giving  the  results  of  the  various  technical  and  scien- 
tific operations  and  investigations  of  the  survey. 

In  conclusion  permit  me  to  say  that  I  have  tried  to  give  a  brief  outline  of  the  scien- 
tific bearings  of  our  work  which  alone  makes  the  Coast  and  Geodetic  Survey  a  potent 
factor  in  assisting  the  development  of  this  Nation. 

There  is  another  side  of  our  activities  which  has  a  great  and  vital  significance:  The 
protection  of  the  vast  commerce  of  the  world  that  comes  within  our  waters  and  the 
protection  of  himian  life.  The  protection  of  commerce  and  the  lives  of  our  neighbors 
is  not  to  be  imderestimated. 

It  is  our  great  desire  not  only  to  continue  the  past  friendly  relations  in  matters  that 
are  mutually  beneficial  to  us  aJl,  but  to  extend  the  courtesies  of  our  experience.  We 
offer  freely  the  results  of  our  work  to  you  who  are  so  deeply  interested  in  the 
development  and  safety  of  our  sister  nations  and  their  people,  and  we  ask  that  you 
in  turn  assist  us. 

The  Chaibman.  I  stated  at  the  beginning  of  this  discussion  that  there 
was  a  variation  among  the  engineers  with  respect  to  the  construc- 
tion work  at  Rosario.  There  were  Argentine,  Chilean,  and  United 
States  engineers,  and  engineers  from  other  coimtries.  The  variation 
was  from  2  to  8i  square  feet  in  the  opinion  of  the  board.  I  was  not 
satisfied  with  the  decision  of  the  board.  I  voted  for  5  tons  because 
I  was  confident  that  that  amount  was  correct.  I  was  president  of  the 
board,  and  my  associates  were  Mr.  Morrison  and  Alfred  Noble,  now 
dead.  I  made  up  my  mind  that  I  would  not  let  the  matter  stand  as 
it  was.  I  could  not  resist  the  temptation  of  saving  the  Argentine  Gov- 
ernment half  a  million  dollars,  and  I  said  to  the  minister :  '  1  am  satisfied 
that  we  can  carry  5  tons  to  the  square  foot  on  that  material."  We  knew 
very  well  what  the  material  was,  as  we  had  examined  it  carefully. 
These  top  foimdations  were  down  100  feet,  some  of  them  below  the 
water.  Most  of  them  were  55  to  60  feet  below  the  bed  of  the  river' 
almost  like  the  foundation  of  the  Cairo  Bridge  which  Mr.  Noble 
and  Mr.  Morrison  and  myself  built  at  the  mouth  of  the  Ohio,  and  the 
same  as  the  bridges  that  we  built  on  the  Mississippi  River.  I  said  to 
the  minister:  "I  am  satisfied  we  can  carry  5  tons,"  and  he  shrugged 
his  shoulders.  That  means  a  good  deal.  I  went  out  and  asked  George 
S.  Morrison  and  Alfred  Noble  by  cable  what  they  would  consider 
allowable  pressure  to  be.  Mr.  Morrison  was  in  Mexico  and  could  not 
be  reached,  but  Mr.  Noble  cabled  back  two  words:  "Five  tons."  I 
took  it  to  the  minister,  won  my.  case,  and  so  that  cable,  costing  a 
couple  of  dollars,  resulted  in  the  saving  of  half  a  million  dollars  to 
Ai^entina. 

If  there  is  no  further  discussion,  the  meeting  will  stand  adjourned. 
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GENERAL  SESSION  OF  SECTION  Y. 

Raleigh  Hotel, 

Wednesday  morning,  Jarmary  5, 1916. 

Chairmen^  W.  H.  Bixby  and  Elmeb  L.  Cobtheix. 

Qdneral  topic,  Pan  American  Theme: 

Desirability  and  practicability  of  establishing  a  uniform  railroad 
gauge  in  Pan  America,  and  especially  in  Central  and  South  America. 

The  session  was  called  to  order  at  9.30  o'clock  by  the  chairman. 

Papers  presented: 

Uniform  gauge  for  railways  in  Central  and  South  America.  Papew 
by  Qodomiro  Pereira  da  Silva  and  C.  Tejada  Sorzano. 

Uniform  gauge  for  railways  in  Chile,  by  Santiago  Marin  Vicufia. 

Uniform  gauge  for  railways  in  Pan  America,  by  Fred  Lavis. 

CONVEMENOA  E  POSSEBILIDADE  DE  SE  ESTABELECER  UMA  BITOU 
UNIFORME  DE  FERROCARRIL,  NA  PANAMERICA,  E  ESPECIALMENTI 
NO  CENTRO  E  SUL  AMERICA. 

Por  CLODOMIRO  PEREIRA  DA  SILVA. 

Esta  these  offerece  para  o  Brasil,  um  intereBse  algo  remoto.  Entendemos,  poi^ 
que  a  conveniencia  da  unifonnidade  de  bitola  existe  de  um  modo  positivo,  no  ponto 
de  vista  commercial,  mas  6  limitada  pela  intensidade  dos  transportes;  isto  6»  que  aaea 
conveniencia,  no  caso  de  pouco  movimento  de  commercio,  no  qual  mesmo  a  balda- 
a9ao  das  mercadorias  6  perf  eitamente  toleravel,  de  uma  estrada  para  outra,  nfto  coosti^ 
tue  materia  de  grande  importancia  agora. 

O  Brasil  apresenta,  em  suas  linhas  ferreas,  varias  bitolas,  mas  nfto  muitas,  a  saber: 
a  de  1.60  metres,  a  de  1  metro,  a  de  0.76  metro  e  a  de  0.60  metro. 

A  bitola  que  predomlna  6  a  de  1  metro  (entre  bordos  intemos  dos  tnlhos);  a  bitoli 
de  1.60  metres  existe  na  E.  F.  Central  do  Brasil,  na  S&o  Paulo  Railway  e  na  rede  dft 
Companhia  Paulista;  as  outras  apparecem  raramente. 

Na  Republica  Argentina  predominam  as  tres  bitolas  1.676  metros,  de  1.44  metroi  • 
de  1  metio,  sendo  que  esta  ultima  apparece  mais. 

Nos  outros  paizee  da  America  do  Sul  predomina  a  bitola  de  1  metro. 

S&o  justamente  as  linhas  de  bitola  de  1  metro  as  que  mais  se  approzimam  das  ^ 
spectivas  fronteiras. 

i,  asflim  que  est&o  as  vias  ferreas  brasileiras  no  Estado  do  Rio  Grande  do  Sul,  a  feno- 
via  de  Itapura  a  Corumb&,  no  Estado  de  Matto  Grosso,  e  a  ferro-via  do  Maddra  ao 
Mamor^,  no  do  Amazonas. 

S&o  estas,  provavelmente,  as  ferro-vias  que  terfto  mais  de  pressa  de  ligar-ee  com  ^ 
estrangeiras,  respect! vamente  na  Republica  do  Uruguay  e  na  da  Bolivia. 

Esta  pre8ump9So,  todavia,  offerece  pontos  duvidosos,  em  rela^fio  is  vias  ferreis  de 
Itapura  a  Corumb&  e  Madeira  ao  Mamor^,  que  nfto  offerecem,  a  nosso  ver,  paz«  f^ 
paizes  visinhos,  as  melhores  condi^Oes  economicas,  e  mesmo  para  nds. 
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Mas,  em  todo  o  Brasil,  b6  as  linhas  de  bitola  de  1  metro  tdm  tido  prolongamento 
para  o  interior  do  paiz,  o  que  noe  parece  um  facto  pouco  vantajoso  4  realizagfto  da 
unif  ormidade  de  bitola,  que  6  para  deeejar  para  as  linhas  intermurionaes. 

Nfto  poder&  haver  eirculagdo  intemacUmal  sem  eesa  uniformidade. 

A  eecolha  de  uma  bitola,  para  este  fim,  tem  uma  importancia  fundamental,  e  a  de 
1  metro  n&o  6,  sem  duvlda,  a  mais  apropriada  para  consecuyfto  desse  objectivo. 

Quanto  mais  larga  6  a  bitola,  maioree  i^  as  vantagens  no  ponto  de  vista  da  seguran^, 
da  capacidade,  da  velocidade. 

Foram  estes  caracteristicos,  ainda  nfto  experimentadoe  na  infancia  doe  caminhoa 
de  ferro,  que  determinaram  a  grande  variedade  de  bltolas  adoptadas  em  todos  06 
paizes,  piincipalmente  na  Inglaterra,  beryo  da  ferro-via,  paiz  rico  e  commercial,  que 
entfto  entrava  em  phase  de  grande  actividade  industrial. 

D'ahi  a  adop9fto,  primitivamente,  da  bitola  de  1.50  metros  na  Franca,  das  varias 
ensaiadas  na  Inglaterra  at^  a  de  2.13  metros,  empregada  por  Brunei  Filho,  a  1.524 
metros,  nos  Estados  Unidos,  todas  j&  substituidas  pela  de  1.44  metros.  D'ahi  as 
bitolas  de  1.523  metros  na  Russia;  a  de  1.736  metros  na  Hespanha;  a  de  1.68  metros 
na  Islandia  e  na  India;  a  de  1.60  metros  no  Braail  e  a  de  1.676  metros  na  Bepubllca 
Argentina. 

Mas  a  pratica  do  regimen  ferro-viario  nfto  tardou  a  mostrar  que  a  bitola  de  1.435 
metros  adoptada  na  AUemanha,  e  em  seguida  na  Franca  e  Inglaterra  e  noe  Estados 
Unidos,  6  perfeitamente  adequada  is  necessidades  do  trafego,  mdrmente  &  vista  dos 
importantissimos  progressos  modemos  realizados  na  construc^fto  do  material  rodante 
e  de  trac^fto,  do  apparelhamento  da  via  permanente  e  do  movimento. 

Por  outro  lado,  a  estabilidade  tfto  desejada  e  necessaria  tem  augmentado  com  os 
referidos  progressos  que  permittem  facilmente  velocidades  de  mais  de  80  klms.  por 
hora,  tendo-ee  o  cuidado  de  dotar  as  ferro- vias  de  boas  curvas  e  declividades  f avoraveis. 

Sem  duvida  todas  essas  vantagens  crescem  com  o  augmento  da  bitola,  e  em  igualdade 
de  condiydes  technicas  faz  muito  mais  uma  ferro-via  de  1.60  metros,  do  que  uma  de 
1.44  metros,  mas  foi  este  meio  termo  que  racionalmente  prevaleceu,  e  o  recurso  da 
duplicayfto  das  linhas  deixard  tirar  delle  ainda  grandes  proveitoe. 

Em  nosso  entender,  porto,  o  mesmo  movimento  de  opinifto,  que  levou  d  reduc^fto 
das  bitolas  ao  tyx>o  normal  de  1.44  metros,  ha  de  se  produzir  em  contrario,  e  volter& 
a  tendencia  &s  bitolas  maiores,  como  por  exemplo  &  de  1.60  metros,  adoptada  nas 
primeiras  ferro-vias  do  Brasil;  a  Europa  nfto  estd  longe  disto. 

Ji  nfto  se  podem  escurecer  hoje  muitas  deficiencias  da  bitola  de  1.44  ms.,  taea 
como  as  difficuldades  de  grandes  velocidades,  as  necessidades  que  tem  a  industria 
modema  de  transportar  certos  objectos  de  peso  e  dimensOes  coloesaes,  que  exigem 
maior  capacidade  nos  vehiculos,  o  que  6  de  interesse  fundamental. 
.  Ora,  si  a  bitola  normal  j&  offerece  taes  inconvenientes,  muito  mais  ha  que  receiar 
da  bitola  de  1  metro,  com  que  vamos  no  BraaU,  levando  para  as  noesas  fronteiras,  as 
nossas  ferro-vias  de  penetra^fto  que  serfto,  no  future,  linhas  intemadonaes,  e  com  que 
v&o  tambem  os  paizes  limitrophes  desbravando  sous  sertdes  em  direcyfto  fts  fronteiras. 

£  si,  por  uma  face,  o  emprego  da  bitola  laiga,  de  1.44  metros  para  cima  traz  tfto 
consideraveis  vantagens,  como  apredamos,  por  outra,  o  emprego  da  bitola  laiga 
nfto  traz  menores  no  ponto  de  vista  economico,  isto  ^,  das  despesas  de  primeiro  estabel- 
ecimento. 

Para  penetrar,  portanto,  em  r^i5es  pobres,  ainda  a  formarse,  incapazes,  por  longos 
amios,  de  fomecer  elementos  de  trafego,  si  nfto  para  reduzido  movimento,  evidente- 
mente,  nfto  ha  hesitar  entre  a  bitola  laiga  e  a  estreita,  e  a  escolha  desta  6  fatal,  de 
accdrdo  com  o  criterio  da  economia. 

D'est'arte,  6  precise  conciliar  as  duas  quest5es,  ambas  de  summa  importancia^ 
6  cada  uma  com  a  sua  opportunidade  inilludivel. 

De  accdrdo,  pois,  com  as  apreciagOes  precedentes,  parecem-nos  muito  logicas  as 
tegttintes  conclusaes: 
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1\  A  unilonnidade  das  bitolas  6  ixnpfeflcindivel  &  circular  intemacional,  noe 
paizet  AmericanoB. 

2*.  Emquanto  as  regiOee  atraveisadaa  pelas  reapectivas  linhaa,  nAo  se  achann 
Buffidentemente  deeenvolvidafl  p6de  ser  adoptada  a  bitola  estreita  (de  1  metro),  pst 
as  linhas  ferreaa. 

3*.  O  Tra^o  e  a  infraatructura  davem  eer  feitoe  tendo  em  vista  o  alaigaineato 
da  bitola,  em  occasi&o  opportuna,  que  ae  operar6  apenas  na  auperstructura. 

4*.  A  bitola  laiga  intemacional  americana  serd  a  de  1.44  metros,  que  paaaahi  a  t» 
a  bitola  normal,  mas  a  infrastructura  aeri  preparada  para  bitola  de  1.68  metrost  que 
vir&  prevalecer  em  hituro  remote. 

Prevendo  um  future  que  talvea  nio  aeja  para  mais  de  50  annoa,  propoiiainoe,  pan 
noflsa  bitola  laiga — typo,  ou  normal,  a  de  1.60  metroe,  que  j&  existe  hob  pdncipaei 
troncos  ferro-viaiioe  do  Braail;  mas  eate  j4  6  differente  dos  troncos  pnncipaes  aigeor 
tinoB,  que  e&o  de  1.676  metres. 

Alem  disso,  a  adopySo  do  typo  nonnal  europ^u  e  norte-americano  tern  uma  granda 
vantagem,  que  per  si  b6  a  recommenda  contemporaneamente,  a  qual  conaiste  aa 
uniformidade  technica  do  material  fixe  e  movel.  Isto  tern  importancia  capital  sob 
o  ponto  de  vista  da  barateza  e  dos  aperfeigoamentos  accessories,  cuja  conaequeiicti 
6  o  progreaso  da  industria  doa  transportes,  nSU>  s6  em  rela^fto  4  explora^fto  technica, 
come  em  rela^fto  4  exploragdo  commercial. 


CONYENIENCU  Y  POSIBIUDAD  DE  ESTABLECER  EN  PAN  AMERICA  T 
ESPECIALMENTE  EN  CENTRO  Y  SUD  AMERICA  UN  SISTEMA  FERRO- 
VIARIO  CON  TROCHA  UNIFORME. 

Per  CARLOS  TEJADA  80RZAN0. 
La  Pat,  Bolivia. 

Este  es  el  tema  No.  XXY  propuesto  por  la  Secci6n  de  Ingenierfa  a  la  conflideracidB 
y  estudio  del  Segundo  Congreso  Cientffico  Panamericano,  el  cual,porinvitaci^  d«l 
Sr.  Ministro  de  Instrucci6n  Ptiblica  de  Bolivia,  me  corresponde  desarrollar. 

£1  tema  no  puede  ser  nl  m^  vasto  ni  m^  interesante.  Por  lo  vasto  neceaita  paia 
ser  dilucidado  convenientemente  una  extensidn  mucho  mayor  que  la  que  necoa- 
riamente  y  por  condicidn  sobre  todo  de  la  premura  con  que  debe  presentarse  sflte 
trabajo  a  la  Secretarfa  del  Congreso,  puedo  dar  a  61. 

Como  inters  tiene  el  que  le  presta  el  estudio  de  una  red  que  recorriendo  nuesin 
America  con  una  longitud  de  nueve  mil  kil^metros  pr6ximamente,  tendria  en  m 
recorrido  las  m^  varladas  y  tal  vez  las  m&a  atrevidas  obras  de  ingenierfa.  CmaaiA 
repetidamente  la  gran  cordillera  de  los  Andes;  bordearfa  los  m^  grandes  lagos  de 
Arnica,  tales  como  el  de  Nicaragua  y  el  Titicaca;  serpentearfa  en  valles  abrupto0 
y  tortuosoa;  se  remontarfa  a  cumbres  elevadas;  recorrerfa  planiciestan  altas  comoltf 
de  Bolivia;  y  comenzando  al  nivel  del  mar,  descenderia  nuevamente  para  alcansv 
esta  altura  pr6ximamente  en  Buenos  Air^. 

La  construcci6n  de  6sta  tan  dilatada  y  dificultosa  red  no  se  puede  sin  embargo,  y 
los  americanos  no  debemos  tampoco  consideraria  de  una  realizaci6n  problemiities  o 
ut6pica.  Una  buena  parte  de  ella  y  no  la  m^  exenta  de  grandes  dificultades  ba 
side  ya  construida  o  se  estd  construyendo  actualmente.  Hay  en  explotaci6n  oSLo  so 
Sud  America  3,700  kilometres  de  ferrocarriles  de  los  7,000  que  le  corresponderiaa  60 
el  Panamericano;  yhay  repdblicas,  como  la  Reptiblica  Argentina,  que  tienen  com- 
pletamente  concluida  su  secci6n  desde  hace  algunos  afios. 

Llegada  a  tal  grade  de  efectividad  la  constmcci6n  del  Ferrocanil  Ptanamerictao, 
me  parece  por  eso  muy  oportuno  y  conveniente  que  una  assmblea  tan  aeleeta  y  pre^ 
tigiosa  como  la  que  constituird  el  Segundo  Congreso  Cientffico  Panamericano  disCQt* 
y  apruebe  si  acaso  una  conclusion,  fijando  la  trocha  que  se  dai4  a  este  sistema. 
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Tal  conclu8it5n  sorvir^  en  mi  concepto  no  solamente  para  guiar  a  las  repdblicaB 
americanas  que  adn  tienen  que  trabajar  sua  iecdonee;  ya  que  ellas,  a  no  dudario  . 
empefiadas  como  est&n  en  estrediar  bub  vfnculoB  y  hacer  efectiva  su  eolidaridad  tan 
peneguida,  tomarian  eee  voto  como  una  norma  para  el  future;  sino  que  tambi6n, 
aiendo  el  ferrocarril  panamericano  para  caai  todas  algo  aaf  como  la  m6dula  de  au 
oiganiamo,  y  repreBentando  au  conatnicci6n  erogaciones  y  dificultadee  conaideiablea, 
ea  mdfl  que  Beguro  que  las  ramificacioneB  y  prolongadcmeB  de  obo  gran  tronco  que 
estdn  adn  Bin  hacerse  necesitarfan  tener  la  misma  trodia.  Y  ad  en  un  plaso  relativa- 
mente  breye  se  tendrfa  en  AmMca  no  b61o  un  ferrocarril  panamericano  con  trocha 
uniforme,  aino  tambi^n  redee  completas,  compl^nentariaB  y  tributariaB  de  61  quo 
conserven  esta  importantfaima  uniformidad. 

Yo  creo  por  esto  que  seria  muy  conveniente  que  el  Segundo  Congreoo  Oiontffico 
Panamericano,  al  establecer  o  propidar  una  trocha  determinada  para  el  Ferrocarril 
Panamericano  aprobara  una  recom«idaci6n  a  Iob  GobiemoB  americanoB,  para  que 
construyan  en  bub  respectivoB  pafseB  redes  ligadas  a  61  con  su  misma  trocha. 

Surge  ahora  naturalmente  la  cuestidn  de  saber  cuill  puede  ser  para  una  red  tan  yasta, 
cual  el  Ferrocarril  Panamericano  y  bus  conexiones,  la  trocha  mis  conveniente. 

El  conocimiento  de  esta  importante  cuestidn  ha  de  hacerse  sin  etnbargo  con  fadHdad, 
segtin  pienso,  cuando  la  Secddn  de  Ingenieria  del  Gongreso,  tenga  a  la  mano  los  estu- 
dios  presentados  por  los  delegados  de  los  distintoe  pafses  alU  representados,  y  cuando 
por  ellos  se  pueda  jusgar  completa  y  cabalmente  de  la  obra  ya  realizada  en  las  diversas 
repdblicas  americanas. 

Por  lo  tocante  a  la  Reptiblica  de  Bolivia,  es  satisfactorio  hacer  notar,  que  la  obra  ya 
realizada  ha  sido  importante  y  ardua.  En  Bolivia  hace  ocho  afLos  no  existfan  m6s 
que  315  kil6metros  de  ferrocarriles  con  trocha  de  0.76  metro  y  83  con  trocha  de  1  metro. 
En  la  actualidad  hay  en  explotad6n  1,622  kil6metroB  de  ferrocarriles  cuya  trocha  es 
como  sigue:  Lineas  con  trocha  de  1  metro,  1,546  kildmetros;  Ifneas  con  trocha  de 
.76  metro,  76  kil6metros;  longitud  total,  1,622  kil6metro8. 

La  constnicddn  en  Bolivia  de  esta  red  sux)one  un  efifuerzo  considerable,  dadas  la 
topografia  del  pais,  de  un  lado,  y  lo  mediterr&neo  de  61,  d6  otro.  Todas  las  lineas 
bolivianas  corren  adem^  a  gran  aJtura  sobre  el  nivel  del  mar,  dendo  ella  cast  siempre 
superior  a  3,600  metroe,  o  sea  11,880  piee,  y  alcanzando  en  alguna  de  eUas  como  la  de 
Rfo  MulatoB  a  Potosf  ima  altura  de  4,820  metros,  o  sea  15,906  pies,  que  es  de  las  mte 
elevadas  del  gk>bo  que  haya  sido  cnizada  por  una  via  f^rrea. 

La  Becd6n  panamexicana  del  ferrocarril  de  este  nombre  que  corresponde  a  Bolivia 
eetd  casi  totalmente  concluida,  y  Be  puede  aaegurar  que  en  breve  quedar&  terminada, 
siendo  asf  esta  Repdblica  la  segunda  que  en  Sud  America  haya  completado  su  Becci6n. 
El  primer  puesto  corresponde,  como  se  sabe,  a  la  Reptiblica  Argentina. 

Los  tramoB  del  Ferrocarril  Panamericano  ya  concluidoB  en  Bolivia  son  los  siguientee: 
De  Guaqui,  en  proximidades  del  Rfo  Desaguadero,  a  Viacba,  67  kil6metros;  de 
Viacha  a  Onno,  202  kildmetroa;  de  Oruro  a  Uyuni,  315  kil6metroB;  de  Uyuni  a  Atocha, 
90  kil6metroB;  longitud  total  ya  couBtraida,  674  kil6metro6. 

Los  tramoB  que  aun  no  OBt&n  temdnados  son:  De  La  Quiaca  a  Tupisa,  en  cons- 
trocci6n  actualmente  por  cuenta  del  Gobiemo  de  Bolivia,  100  kil6metroB. 

De  Tupiza  a  Atocha,  con  OBtudioB  conduidoB,  104  kil6metroB. 

La  secci6n  completa  del  Ferrocarril  Panamericano  tiene  pues  en  Bolivia  una 
longitud  total  de  878  kil6metroB. 

Esta  Unesk  troncal  o  prindpal  cuya  trocha  es  de  1  metro  estari  luogo  ligada  por 
ramales,  algunoB  de  Iob  cuales  est&n  ya  construidos,  a  laa  prindpales  dudadeB  y  cen- 
ixoB  de  prodttccidn  del  pais. 

En  Bdivia  existe  pues  ahora  miamo  una  red  con  trocha  uniforma  de  1  metro;  y  las 
normas  y  el  criterio  que  guia  el  desarrollo  de  los  lerrocairUes  bolivianoB,  i)ermite 
esperar  que  tal  red  se  extender^  portodo  el  territorio,  y  sehaii  cada  vez  m^  tupida, 
manteniendo  como  una  condiddn  fundamental,  la  tarodia  unllonne  de  1  metro. 
68486— 17— VOL  vi 52 
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La  red  de  feirocamles  bolivianoe  esUl  por  otra  parte  ahora  miamo  ligada  con  im- 
portantea  lineas  extianjeras;  y  tiene  adn  en  penpectivaa  de  una  pconta  realiiaici^, 
una  aerie  de  Ifneaa  que  la  ligar^  m^  todavia  a  sua  vecinoe. 

En  efecto,  los  feirocazriles  de  Bolivia  eat&a  ligadoe  con  loe  ferrocairiles  chilenot 
por  la  Ifnea  de  Anto&tgaata  a  Oruro.  ^ata,  cuya  trocha  fu6  primitivamente  de  0.76 
metroe,  ha  cambiado  dltimamente  au  trocha,  imiformdndola  con  la  de  loe  dem^  a  1 
metres,  en  la  aeccidn  comprendida  entre  Oruro  y  Uyimi;  y  el  cambio  de  trocha  ha  de 
continuar  luego  haata  Antofagaata. 

Realizado  eate  cambio  de  trocha,  y  concluida  la  aecci6n  del  longitudinal  norte  en 
Chile,  entre  Arica  y  Zapiga,  ae  tendri  una  red  en  Bolivia  de  cerca  de  1,800  ki]6metioi 
de  ferrocarrllea  con  trocha  de  1  metro,  ligadoe  ain  aolucidn  de  continuidad  con  1,395 
kil6metroa  de  viae  pertenecientea  a  ''The  Antofogaata  (Chili)  and  Bolivia  Railway 
Company,''  en  Chile,  y  con  2,720  kil6metroa  de  lineaa  fiacalea  con  la  trocha  de  1  metio 
tambi^n  en  eata  miama  Repdblica,  comprendidaa  ^ataa  entre  la  eataci6n  de  Charafia 
del  Ferrocarril  intemacional  de  Arica  a  La  Paz,  y  la  eataci6n  Calera  del  Empalme  del 
longitudinal  norte  con  la  l£nea  de  Valparaiao  a  Santiago. 

Con  muy  poco  eafuerzo  puea,  e  introduciendo  un  tercer  riel  en  pequefias  aeccionet 
de  ferrocarril  en  Chile,  ae  podHa  comunicar  La  Paz  con  Santiago  por  un  aiatema  ccm 
trocha  uniforme  de  1  metro.  Se  reuniria  aai  un  conjunto  de  lineaa  bolivianaa  y  chilenaa 
con  una  longitud  total  aproximada  de  6,500  kil6metioB. 

La  imi6n  de  loe  ferrocarrllea  bolivianoe  con  loe  argentinoa  ea  de  una  realizaci6n  mis 
factible  e  inmediata  adn,  y  el  conjunto  de  lineaa  con  trocha  uniforme  alcanzari  en 
eate  caao  un  kibmetraje  mucho  mayor  que  en  el  de  la  imi6n  con  loe  ferrocanrilea 
chilenoa. 

En  efecto,  en  la  Argentina  eziaten  en  la  actualidad  ahrededor  de  10,000  kildmetroa 
de  ferrocanrilea  con  trocha  uniforme  de  1  metro  que  en  au  deaarrollo  comienzan  en 
Buenoa  Airea,  y  llegan  haata  La  Quiaca,  en  la  frontera  de  Bolivia,  airviendo  a  las 
provinciaa  de  Buenoa  Airea,  Santa  F^,  CMoba,  Tucumin,  San  Juan,  La  Rioja, 
Catamarca,  Santiago  del  Eatero,  Salta  y  Jujuy  y  loa  territorioa  de  Formoea  y  el  Chaco. 
Eata  vaata  red  eat&  toda  ligada,  y  airve  en  muchaa  aeccionea  un  tr&fico  de  combinaci6n 
general  para  el  reato  de  la  Repdblica.  Para  que  eatoa  10,000  kil6metroe  queden 
vincidadoa  ain  aolud^  de  continuidad  a  loa  1,800  kil6metroa  de  ferrocanrilea  Ix^- 
vianoa,  ae  neceeita  a61amente  que  en  Bolivia  ae  concluya  la  Ifnea  entre  Atocha  y  La 
Quiaca  que  eatd  actualmente  en  construcci6n  con  un  plazo  de  tree  afioe  para  au  entr^ga, 
y  que  a61o  tiene  una  longitud  de  204  kil6metroa. 

Terminada  eata  pequefia  aecci6n  b  que  aeguramente  ae  hai&  haata  1918,  ae  tendii 
puea  entre  la  Repdblica  Argentina  y  Bolivia  un  conjunto  de  cerca  de  12,000  kib- 
metroa  de  ferrovfaa  con  trocha  imiforme  de  1  metro,  quedando  aai  ligadaa  La  Pas  y 
Buenoa  Airea,  y  concluidaa  en  eataa  doa  repdblicaa  laa  aeccionea  que  lea  correapand^i 
en  el  Panamericano. 

En  la  Repdblica  Argentina  existe  por  otra  parte  ya  eatudiada  una  linea  de  trocha 
de  1  metro  entre  la  e6taci6n  Bermejo  del  Ferrocarril  Argentine  del  Norte,  Secci6n 
de  Serrezuela  a  San  Juan,  y  la  ciudad  de  Mendoza,  cuya  conatruccidn  no  tardaii 
mucho  en  emprenderae,  dadoa  loa  valioaoa  intereaea  de  loe  agricultorea  e  indufitritiee 
mendocinoa  que  est^  de  por  medio,  y  cuyos  intereses  eata  Ifnea  eatarla  deetinada  a 
aervir. 

Concluida  esta  Ifnea  quedarlan  pr^ticamente  ligadoe,  por  medio  del  Ferrocarril 
Trasandino  por  Juncal,  cuya  cabecera  en  la  Argentina  estd  en  Mendoza,  y  en  Chile 
au  e8taci6n  terminal  en  Loa  Andes,  loa  ferrocarriles  bolivianos  con  trocha  de  1  metro 
con  los  argentinos  y  chilenos  de  la  miama  trocha.  Esta  uni6n  repreeentaria  un  siste- 
ma  de  ferrocarriles  pertenecientes  a  trea  repdblicaa  americanaa  con  trocha  unifoniM) 
de  1  metro,  y  con  un  recorrido  de  cerca  de  19,000  kil6metros. 

Para  que  esta  uni6n  aea  efectiva,  y  resumiendo  lo  anteriormente  expueato,  ea 
necesario  aolamente  que  se  ejecuten  laa  siguientes  obraa  nue\aa,  o  modiiicacidn  y 
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adaptaci^n  de  obras  exi^ntes,  que  como  se  verd  son  de  gran  importancia,  y  adem^ 
eetdn  en  parte  en  ejecuci6n: 

Obras  Nuevas. 

KflOmetros. 

Bolivia, — Secci6n de  Atocha4 La  Quiaca  (en  con8trucci6n) 204 

En  la  Repuhlica  Argentina. — Ferrocarril  de  Estaci6n  Bermejo  a  Mendoza  (con 

estudios  terminados) 180 

En  Chile, — ^Ferrocarril  de  Arica  a  Zapiga  (en  estudio) 278 

Total  de  obras  nuevas 662 

Modificacidn  de  Drochae. 

En  Bolivia. — Un  tercer  riel  entre  Uyuni  y  Ollague,  obra  que  est&  en  ejecucidn. .  176 
En  Chile. — ^Un  tercer  riel  entre  OUague  y  Baquedano,  modificacidn  concedida 

por  el  Gobiemo 620 

En  Ckile.—\Jn  tercer  riel  entre  Zapiga  y  Pintados 156 

En  Chile, — Un  tercer  riel  entre  Calera  y  Los  Andes  en  la  red  central 67 

Longitud  total  de  lineas  con  trocha  po*  modificar 919 

De  manera  pues  que  con  b6\o  construir  662  kildmelros  de  ferrocarriles,  construccidn 
que  se  ejecuta  o  estd  decidida  en  estos  momentos;  y  cambiando  la  trocha,  o  intro- 
duciendo  la  de  1  metro  en  919  kil6metroe^  lo  cual  no  puede  constituir  una  seria  dili- 
cultad,  tanto  mas  cuanto  que  tal  modificacidn  se  est^  en  parte  realizando,  se  tendrla, 
como  se  ha  dicho  ya,  una  vasta  red  de  trocha  uniforme  en  esta  parte  de  America. 

Los  ferrocarriles  boli\  ianos  pueden  tambidn  y  es  seguro  que  en  un  porvenir  no  muy 
lejano  han  de  ligarse,  con  toda  la  importante  y  extensa  red  de  ferrocarriles  brasileros 
de  trocha  de  1  metro,  que  llega  hasta  Corumbd  sobre  el  rio  Paraguay.  Para  esto  es 
necesarlo  tan  sdlo  que  se  construya  en  Bolivia  una  llnea  desde  Cochabamba  hast^ 
Puerto  Suirez  o  un  punto  conveniente  sobre  el  Rfo  Paraguay,  Hnea  que  ha  side  estu- 
diada  ya  en  mds  de  600  kildmetros  entre  Santa  Cruz  y  Puerto  Sudrez,  estando  concedida 
y  con  perspectivas  de  realizacidn  entre  Cochabamba  y  Totora,  94  kildmetros. 

Se  ve  pues  que,  no  sdlo  es  posible  y  conveniente  el  establecimiento  de  una  red 
ferocarrilera  con  trocha  uniforme  en  Sud  America,  sino  que  tambidn  ella  existe  ahora 
mismo  y  su  desarrollo  ya  previsto  permitird  en  breve  tener  19,000  kildmetros  al  menos 
deella. 

Se  ve  tambidn  que  la  trocha  de  toda  esta  extensa  red  es  de  1  metro.  Y  es  necesario 
adem^  hacer  notar,  que  la  trocha  de  1  metro,  no  sdlo  se  ha  adoptado  en  Bolivia  para 
todas  sus  lineas,  sino  que  es  la  que  se  adopta  caei  generalmente  en  las  nuevas  cons- 
trucciones  en  todas  estas  republicas  de  Sud  de  America.  £s  la  adoptada  para  la 
construccidn  de  la  parte  norte  del  longitudinal  en  Chile;  es  la  que  se  ha  adoptado 
para  la  construccidn  de  las  lineas  de  penetracidn  al  Chaco  ai^gentino;  ella  es  cada  vez 
m&B  extensa  e  importante  en  el  Brasil,  y  se  ha  adoptado  para  mds  de  una  Hnea  de 
reciente  construccidn  en  el  Perti. 

De  los  7,000  kildmetros  de  ferrocarril  que  supone  la  constrliccidn  del  Panamericano 
en  Sud  America,  se  han  terminado  ya  al  rededor  de  3,700,  con  la  trocha  de  1  metro 
en  el  Peni,  Bolivia  y  La  Argentina,  o  sea,  se  ha  ejecutado  ya  el  53  por  ciento  de  la 
longitud  total. 

£n  vista  de  todos  estos  dates  y  antecedentee  creo  pues  que  es  posible  completar  la 
red  del  Panamericano,  y  todas  bus  conexiones;  y  que  serla  muy  conveniente  que  se 
adoptara  la  trocha  de  1  metro  para  ello,  por  haber  side  desde  luego,  aparte  de  sus 
poaititivas  ventajas  que  todos  conocen  para  paises  nuevos  y  diffciles,  adoptada  en  una 
seccidn  tan  importante  como  la  descrita,  y  ello  con  el  mejor  resultado. 

Constituye  este  el  vote  que  me  permito  someter,  como  una  contribucidn  personal,. 
y  relacionada  con  el  desarrollo  de  los  ferrocarriles  en  Bolivia,  a  la  consideracidn  del 
Segundo  Congreso  Cientffico  Panamericano. 
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CUlL  ES  LA  TROCHA  QUE  MlS  CONYIENE  A  LA  RED  FfiRREA  DE  CHILB. 

Per  SANTIAGO  MARlN  VICUSA. 
Santiago^  CkUe. 

I 

Para  solucionar  en  forma  conveniente  el  problema  enunciado,  creo  que  como 
componente  previo  debe  tenerse  a  la  vista  un  piano  de  conjunto  de  ambas  Am^iicaa, 
con  anotacionee  precisas  de  bub  Ifneas  f^rreas  y  trochaB  reBpectivaB,  anexo  al  cual 
deben  figurar  sendas  MemoriaSf  que  especifiquen  la  importancia  interna  y  traacen- 
dencia  intemacional  de  cada  una  de  eeas  Ifneas. 

De  maneraque,  aiguiendoeBtecriteiio,  elpapel  quecabrlaacada  una  de  laB  Repli- 
blicas  adherentea  al  CongreBO  Cientifico  Pan  Americano  de  WAdiington,  serfa  el  de 
enviar  sendas  monograJia$  conducentes  al  propddto  conaignado  en  la  nota  preinaerta 
y  al  tenor  de  ellas  y  del  piano  general  a  que  he  hecho  referencia  m^  atr^,  dar  una 
Boluci6n  al  problema,  ya  que  Men  podr&  suceder  que  la  trocha  mie  conveniente  a 
Chile,  por  ejemplo,  no  lo  fuera  para  el  resto  de  bus  hermanas  de  uno  y  otro  continente 
americano. 

A  fin  de  dar  una  idea  de  la  variedad  de  criterio  que  ha  habido  en  America  con 
respecto  a  trocha,  doy  en  seguida  un  cuadro,  en  el  cual  se  consigna  el  porcentaje 
respectivo  ref  erente  a  las  redes  f  ^rreas  de  las  Repdhlicas  que  colindan  o  limf  trof  ea  con 
Chile  y  que  nos  dice  que  en  Chile  y  Bolivia  predomina  la  de  1.00,  en  el  Perd  la  de 
1.44  y  en  Aiigentina  la  de  1.68. 

He  aquf  el  cuadro: 


Chile. 

Peri. 

BoUvia. 

Argentina. 

Loogltiid  en  oxplotaffi^n 

KU6maro9. 
8.860 

PordeiUo. 
8.2 
6.6 

KOdfiutrot, 
2.800 

PorcUnto, 
2.4 
1.6 
8.9 
7.6 
.8 

Kadmarot, 
2.000 

PorcUnio, 

34.000 

Trocha  de  0.60 

PereienM. 

Trocha  de  0.76 

Trocha  de  0.01 

Trocha  del.OO 

49.5 
6.2 
1.8 
&3 

96.6 

100 

30L9 

Trocha  de  1.06 

Trocha  de  1.27 

Trocha  de  1.44 

79.4 

7.7 

Trocha  de  1.68 

61.4 

Total 

100 

.00 

100 

100 

Previos  estos  antecedentes,  voy  a  tratar  el  problema,  mirdndolo  des  de  el  punto  de 
vista  chxlerio,  sirvlendo  de  complemento  a  este  estudio  el  piano  oficial  que  acompafio, 
en  el  cual  se  conslgnan  todos  los  lerrocarrileB  de  mi  pais,  particulares  y  del  Estado.' 

Si  los  datos  aquf  expuestos  no  fueran  adn  suficientes,  me  permito  recomendar  la  tUtixna 
edici6n  de  mi  libro  Los  Ferrocarriles  de  Chile,  que  acaba  de  aparecer,  en  la  cual  hago 
un  estudio  minucioso  y  detallado  de  cada  una  de  las  Ifneas  que  componen  nuestra  red 
ferroviaria.' 

1  Omitido. 

*  En  Jnlio  de  1016  se  ha  poblioado  la  IV  edicite  de  eeta  obra,  oonstaado  da  mAa  de  600  pAciB>s» 
ada  de  planoa  y  cUoh^tmuy  nomerosot. 
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II 

Los  lerrocairileB  chilenoB  en  actual  explotaei&n  pueden  claaificarBe  asf : 

DelEstado 6,700kinB. 

Particulars , 3, 160  fans. 


64.3»/o 
35.r/o 


que  claaificados  por  bub  troekaa,  bob: 


8  860kmfl.      lOO^/o 


Trooha. 

Partlciilares. 

DelEstado. 

•MaL 

0.60 

NAmaro$. 

ForcktUo. 

Ka6mitro9, 

290 

116 

3,094 

PordeMo. 

6.1 

2.0 

64.2 

KU6maro$. 
290 
491 

4,399 
464 
166 
729 

2,332 

Porckmtoi 
8/2 

e.w 

m 

1,305 

'464 

166 

729 

132 

11.S 
41.4 
14.6 

4.0 
23.0 

4.8 

6.6 

1.00 

49^5 

1.06 

6.2 

1.27 

1.8 

1.44 

8.8 

1.68 

2,200 

38.7 

26.6 

Total 

8,160 

100.0 
86.7 

6,700 

100.0 
64.3 

8,800 

loao- 

100.0 

Por  cada  1,000  hab 

.86 
.40 

1.60 
.76 

2.46 
1.16 

PorcadalOOkm* 

Este  cuadro  hob  dice  que  la  trocha  predominante  es  la  de  1  metro,  la  que  ha  aido 
ya  adoptada  ea  el  40.5  por  ciento  de  Iob  lerrocamleB  construfdoB  en  el  pais;  dato  muy 
importante  que  bob  induciria  a  recomendar  deede  luego  bu  preferente  adopcidn,  pero 
que  es  reforzado  por  una  serie  de  otras  consideracioneB  dignaa  de  ser  consignadas,  que 
podrfa  resumir  asi: 

(1).  £1  menor  costo  de  construccidn; 

(2).  La  mejor  adaptaci6n  a  terrenoB  montafiosos;  y 

(3).  Efltar  ya  adoptada  en  las  Uneas  intemacionaleB,  o  m^  bien  dicho,  la  con* 
templaci6n  de  los  intere$a  enado$. 

Dar6  algimas  noticias  que  manifiesten  la  importancia  de  cada  una  de  estoe  fares 
reoglanes. 

Ill 

En  C3iile  existe  una  ofieina,  creada  en  1888,  con  el  nonbre  de  Direcci6n  de  ObraB 
PdbHcas,  que  proyecta  y  Tig&k  la  eQBslrucGi6n  de  lodos  losferrocaniles  del  Estado, 
la  que  ha  conBtruido  hasta  ahoora,  y  preBciadiendo  de  laa  den^s  trocfaM,  740  ldl6metroB 
delineas  con  l.S8de  trocha  y  2,600  eon  la  delmeiteo.  £lcoBtogmMralporkil6nietro 
de  estos  fcnroearriles,  expreBadoe  en  n6m«08  redondoa  y  en  moneda  de  18d„  ob  el 
siguiente: 


Trooha. 

Longitiid. 

Valor. 

PorkU6- 
metro. 

1.68. 

ja6fM(PM. 

740 

2,600 

?2'22'222 

183,006,000 

894,000 

1.00. 

^200 

Toti^l  y  promifdio t  r 

8,240 

268,000,000 

78,100 

'  Lo  que  nos  dice,  en  t^rminos  generales,  que  los  ferrocarriles  construfdos  con  trocha 
de  un  metro  le  han  costado  al  Estado  21  por  ciento  menos  que  los  de  1.68;  diferencia 
muy  explicable  si  se  considera  el  menor  cubieaje  de  los  movimientos  de  tierra, 
escuadrfa  de  los  durmientes,  peso  de  los  rieles,  importancia  de  las  obras  de  arte,  etc. 

A  esto  habrfa  que  agr^;ar  el  menor  valor  en  la  adquisici6n  del  material  rodante,  que 
es  de  mayor  consideraci^n  adn. 

Y  como  la  eficiencia  de  un  ferrocaml  de  trocha  de  1  metro,  si  se  considera  bu 
capacidad  econdmica  y  de  transporte,  no  es  inferior  a  los  que  la  tengan  de  1.68, 
excepci6n  hecha  de  la  velocidad  de  que  son  susceptibleB,  debemos  convenir  que 
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habrfa  sido  de  gran  utilidad  para  nosotros  que  toda  nuestra  red  ferroviaria  se  hubm 
construf do  con  la  trocha  liniea  y  urUforme  de  1  metro,  tal  como  ha  nido  lo  decretado 
para  Bolivia,  por  ejemplo. 

Para  probar  la  conveniencia  econ^ica,  nos  bastarfa  decir  que,  segdn  los  datoscon- 
dignados  mds  arriba,  el  Estado  ha  gastado  353  millones  de  peeos  oro  de  18d,  en  coostrair 
3,240  kil6metroB  de  laa  doB  trochas  apuntadas  y  que  a.  se  hubiese  adoptado  la  de  1 
dnlcamente,  con  igual  dinero  habrfa  podido  tener  una  mayor  longitud  de  200  kil6- 
metrofl  de  f  errocarrileB,  o  sea  un  exceeo  de  6  por  ciento,  sin  detrimento  de  la  capaddad 
y  comfort  del  transporte. 

Es  elemental  en  construccibn  de  f  errocarriles,  que  mientras  menor  sea  la  trocha  que 
se  adopte  en  los  trazados,  m^  f^il  seri  seguir  las  sinuosidades  del  terreno,  lo  quese 
traduce  no  s61o  en  una  gran  economf  a  de  construcci6n,  sino  que  suele  ser  decisivo  en 
la  factibilidad  misma  de  la  obra,  bajo  el  punto  de  vista  material. 

Las  lineas  intemacionales  de  Arica  a  La  Paz  y  de  Loe  Andes  a  Mendoza,  por  ejemplo, 
que  atraviesan  regiones  muy  abruptas  y  diffciles  de  la  cordillera  de  los  Andes,  no 
habrfan  podido  desarrollarse  con  la  trocha  de  1.68,  por  dificultades  inherentes  de  1ft 
naturaleza  e  independientes  del  costo  de  construccidn. 

De  ahl  que  los  pafses  montafiosos,  como  Chile  y  la  mayor  parte  de  las  repiiblieat 
americanaSy  se  vean  muchas  voces  imposibilitados  para  construir  sefialadas  lineas  con 
trocha  superior  a  1,  como  es  el  ya  citado  case  de  nuestra  vedna  del  oriente,  Bolivia. 

Nuestro  Gobiemo,  por  lo  dem^.  ha  convenido  cientfficamente  en  esta  imposibilldftd, 
o  a  lo  menoe  en  esta  conveniencia,  decretando  que  todos  los  ferrocaniles quese ctms- 
truyan  de  Calera  al  norte  tengan  la  trocha  comdn  de  1  y  dfa  llegard  en  que,  para 
unJJGcar  el  intercambio,  la  adoptemoe  para  los  que  actualmente  se  desarrollan  de 
Calera  al  sur. 

Colocando  un  tercer  rid  y  no  renovando  el  material  rodante  para  trocha  anehay  eea 
modificacidn  se  podrfa  hacer  en  forma  paulatina  y  econ6mica. 

Todo  serfa,  pues,  cuesti6n  de  procedimiento. 

La  compafLf a  del  f errocarrU  de  Antofagasta  a  Bolivia,  que  tiene  una  red  aproximadft 
de  1,500  kil6metros  y  que,  por  razones  que  no  es  del  case  contar,  adopt6  primitiva- 
mente  la  trocha  de  0.76,  se  ha  visto  posteriormente  en  la  necesidad  de  uniformarla  con 
ia  en  uso  en  Bolivia  y  en  loe  Ferrocarriles  del  Estado  al  norte  de  Calera  y  no  ha  vaci- 
lado  en  resolverse  a  ensancharla  a  1,  y  t^ngase  presente  que  es  mucho  m^  oneroso 
ensanchar  que  redudr  la  trocha,  pues  lo  primero  ezige  una  modificaddn  completa  eo 
los  cortes,  terraplenes,  tdneles,  durmientes,  etc.,  lo  que  no  exige  lo  segundo. 

Esto  es,  a  mi  juido,  un  argumento  decisivo  en  la  tesis  que  insindo  en  este  artfculo  y 
que  me  ahorra  consignar  mucho  de  los  que  pudiera  adn  afiadir. 

V. 

En  cuanto  al  tercer  punto,  o  sea  a  la  necesidad  de  contemplar  los  tnteretes  creadctj 
puedo  agregar  que  ellos  concurren  a  fortalecer  lo  que  he  venido  didendo  mia  atr&9. 

El  Estado,  como  lo  he  dicho,  ha  dearetado  la  trocha  de  1  para  toda  su  extensa  red  de 
2,430  kil6metros  que  se  extiende  entre  Calera  y  Pintados,  y  ramalee  que  con  ella 
conectan,  a  la  cual  debe  agr^;arse  una  serie  de  Hneas  transversales  de  la  zona  Caloa  » 
Puerto  Montt;  pero  es  mis  importante  y  decisivo  al  respecto  la  fuDci6n  que  defl^n- 
pefian  los  ferrocarriles  trasandinoe  o  irUemacionales,  llamados  a  ponemos  en  comuiii- 
€ad6n  con  nuestros  vecinos  dd  oriente. 

Esos  ferrocarriles,  dadas  las  dificultades  geogr&ficas  que  han  debido  veneer  y  Itf 
economias  que  les  conviene  contemplar,  son  todoe^  con  una  sola  excepd6n,  de  1  de 
trocha;  a  saber: 

1.^  El  f  errocarril  de  Arica  a  La  Paz,  que  es  el  primero  que  se  encuentra  siguiendo  U 
direcd6n  norte-sur,  adopt6  esa  trocha  porque,  como  lo  he  dicho,  habrfa  sido  imposible 
construirlo  con  la  de  1.68  y  para  conectar  con  la  red  boliviana  que  ha  adoptado  1ft 
trocha  tinica  de  un  metro; ' 
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2.*  El  ferrocarril  de  Antofagasta  a  Oruro  fu^  primitivamente  constniido  con  0.76  de 
tiocha;  pero  por  las  razones  de  intercambio  anotadas  m^si  atr&9,  la  esti  actualmento 
eosanchando  a  un  metro. 

No  est&  demia  dedr  que  el  Ferrocarril  Central  Argentiiio,  conBtniido  por  eaa  Rep6- 
blica  para  diBputamoe  el  comercio  boliviano  y  que  ya  Uega  a  La  Quiara,  ubicada  en  la 
irontera  de  amboe  paises  y  que  pronto  empalmar&  con  toda  la  red  de  Bolivia,  ha 
adoptado  tambidn  la  trocha  de  un  metro; 

3.*  Gonjuntamente  con  eaoe  ferrocarriles  en  explotaci6n,  hay  actualmente  en 
proy  ecto  en  esa  miama  zona  norte  los  traaandinos  Antofagasta-Salta  y  Puquios-Tinogaata 
que  han  adoptado  igualmente  la  trocha  de  un  metro,  impuesta  por  las  razones  de 
economfa  y  factibilidad  ya  aducidas,  como  por  la  conveniencia  de  intercambio,  ya 
que  ir&n  a  empalmar  en  Salta  y  Tinogasta  con  ramales  del  Ferrocarril  del  Estado 
aigentino  de  igual  trocha: 

4,^  Y  lo  propio  pasa,  y  pasard,  por  liltimo,  con  el  traaandino  en  explotaci6n  que  nos 
une  con  la  Argentina  en  la  region  central,  o  sea,  con  el  ferrocarril  de  Los  Andes  a 
Mendoza  y  con  los  en  construcci6n  en  la  regi6n  sur,  que  son  los  de  Monte  Aguila  al 
Neuqu^n  y  de  Los  Lagos  a  San  Martin  de  Los  Andes. 

En  una  palabra,  se  ha  adoptado  la  trocha  de  un  metro,  prescindiendo  de  los  cons- 
truidos  por  el  Estado  en  la  secci6n  Pintados-Calera,  etc.,  en  todos  los  ferrocarriles 
intemadonales  que  actualmente  nos  imen  y  que  en  un  future  pr6ximo  nos  unir^  con 
nuestros  vednos  del  oriente,  Bolivia  y  Argentina,  excepddn  hecha  quizds  del  proyec- 
tado  entre  Ouracautfn  y  la  red  del  Neuqu6n,  al  cual  se  le  piensa  conservar  la  trocha 
de  1.68  que  tienen  las  dos  grandes  redes  llamadas  a  enlazar:  la  Red  Central  del  Estado 
chileno  y  el  Ferrocarril  del  Star  aigentino. 

Nos  quedarfa  por  considerar  la  futura  uni6n  f erroviaria  con  nuestro  vecino  del  norte, 
Perti.  A  este  respecto,  diremos  que  no  se  han  formulado  hasta  ahora  proyectos 
0  convenciones  al  respecto;  pero  puede  adelantarse  el  prop^to  sancionado  ya  por  el 
(jobiemo  de  Chile  de  construir  con  trocha  de  un  metro  el  denominado  Ferrocarril 
Longitudinal  de  Calera  al  norte,  el  que  hoy,  como  lo  hemes  dicho,  llega  a  Pintados, 
(provinda  de  Tarapadl),  y  ha  de  continuarse  en  igual  forma,  hasta  las  propias  fronteras 
chileno-peruanas. 

VI. 

Todas  estas  consideraciones,  o  sean: 

1.^  Que  el  50  por  ciento  de  la  actual  red  chilena  haya  adoptado  trocha  de  un  metro; 

2.**  El  Tnenor  costo  de  construcci6n,  dotaci6n  de  equipo  y  de  explotacidn; 

3.^  La  mayor  facilidad  de  adaptaddn  a  terrenos  gepgr&ficamente  quebrados  o 
montafiosos,  cuyo  es  el  case  de  Chile  y  de  casi  todas  las  repdblicas  de  ambas  Americas;  y 

4.<^  La  necesidad  de  contemplar  los  intereses  creados,  sobre  todo  en  el  ramo  inter- 
nadonal^  me  conducen  a  contestar  la  consulta  del  sefior  General-Brigadier  Bixby, 
Presidente  de  la  Secci6n  de  Ingenierfa  del  pr6ximo  Congreso  Cientf fico  Pan  Americano 
de  Washington,  en  el  sentido  de  que,  a  mi  juido,  la  trocha  de  un  metro  es  la  mdi  eon- 
veniente  para  ChxU. 

Un  estudio  semejante  al  presente,  hecho  paia  cada  una  de  las  reptiblicas  del  Norte, 
Centre  y  Sud-Am^ca,  nos  podrfa  conducir,  como  lo  he  expresado  al  comienzo  de  este 
artfculo,  a  una  solud6n  ventajosa  en  materia  de  trocha  pan-americana  Unica  o  unif orme, 
como  son,  al  parecer,  los  propdsitos  que  persigue  la  Mesa  Directiva  del  Congreso 
Cientifico  de  WAshington.* 

1  La  propoticidn  fonnolada  por  el  Ingenlflro  8r.  Mailn  Vlcnfia,  oomo  derivada  de  sue  studio  tuA  la 
slgaiente:  "ConUsiooar  a  la  liesa  Directiva  del  2*  CoDgreso  Cientlfloo  Pan-Amerioano  de  WashiiiRton 
para  que  solioite  de  cada  uno  de  Ice  Oobiemos  de  America  pianos  de  sos  ferrocarrllee  ▼  tma  Memorta 
sobre  ellos,  coo  indlcacidn  de  la  importancia.  trocha,  longitad,  etc.,  de  oada  ono  de  ellos;  con  oavoa 
elementos  aoopiados  se  har&  on  Mapa  Oenerat  de  Norte,  7  Sod  Amoloa,  en  el  onal  se  consignen  todas 
esas  redos  r^rreas,  indicando  las  troeha$  con  oolores  distintos. 

A  la  vista  de  ese  Plano-Oeneral  7  de  las  Memorias  oflciales  respeotivas  se  estudlarft  el  problema  de  aniflr 
oaoidn  de  trocha  panamerlcana*  estodio  qae  serfa  encomendado  a  ana  OomiiiAn  Internadonta  de  dnoo 
faigenieros  designadapor  la  Mesa  Directiva  del  dtado  Congreso  Cientlfloo  de  Washington  o  en  sa  defeoto 
por  la  Ofldna  de  la  unidn  Panamerlcana  de  esa  misma. 
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ANEXO. 

BL  nSBOGABBIL  PAMAMBETfiAWO. 

Deede  hace  veiiiticinco  afloQ,  o  sea  deede  que  ^  celebiara  en  Waahi^gton  la  FnsMn 
Conferenda  Intemacional  Panamericana  se  vienea  abriendo  f4cil  y  ancho  cmm 
lo8  altos  y  loables  principios  de  aolidaridad  contm^ntal  expreoadoq  en  la  ya  cUm 
palabra  panamericanismo. 

La  primitiva  concepci6n  del  Preddente  Monroe,  que  tenia  todoe  loa  caractereB 
odio608  de  una  hegemonla,  de  una  ab8orci6ni  ha  venido  paulatina  y  £avorableineDta 
evoludonado  a  impulsoe  de  loe  acontedmientoe,  haata  trocaise  en  el  preoente,  en  loe 
tiempos  f  ecundos  del  Preddente  Wilson,  en  una  doctrina  eminentemente  americaniite, 
de  fraternal  y  mutuo  amparo  territorial  y  comerdal. 

Este  trascendental  proceder,  de  comdn  apoyo  y  unisono  palpitar,  vivia  latente  m 
las  tres  Arnicas  desde  los  tiempos  glorioeos  de  Bolivar,  San  Martin  y  O'Higgina;  pero 
para  que  perdiera  loe  caracteres  idealiitas  o  ut6pico8  que  ae  le  habia  impreao  y  penetraia 
al  ambiente  prdctico  y  a  voces  egoista  de  las  Candlleriaa  de  Gobiemo,  ba  ddo  nece- 
sario  el  hecbo  sangriento  y  doloroeo  de  una  Europa  en  guerra,  el  demunbe  de  Qsa 
dvilizad6n  ya  secular  y  el  destrozamiento  de  den  nadonea  hasta  ayer  pr^epecas, 
hasta  ayer  humanas. 

La  contienda  europea,  al  parecer  extrafia  a  loe  intereaes  amecicanos,  ha  tenido  hondA 
y  duradera  repercusidn  en  nuestro  comercio,  mostrdndonos  la  absoluta  dependenda 
de  mercados  ajenos  en  que  vivimos  y  el  misero  papel  de/octoHa  que  repreaentanMW. 
De  ahi  que  los  Gobiemoe  de  Arnica,  olvidando  receloa  y  emulacioneBdel  pasado  y  a 
diario  atropellados  en  bus  derechos  de  pueblos  libres,  hayan  comprendido  la  necesidad 
y  urgencia  de  unir  bus  destines  y  de  hacer  respetar  su  conculcada  neutcalidad. 

La  uni6n  hace  la  fuerza! 

Pero  los  prop6fiitos  y  tendencias  de  este  panamericanismo  no  son  agreaLvoa,  ni  de 
provocaddn;  sine  pacifistas  y  de  uni6n. 

Se  desea  una  Am^ca  libre  en  su  proceder,  ilimitada  en  su  comerdo  y  reqwtada 
en  BUS  prpgresos;  una  Am^ca  que  ae  abastezca  a  si  misma;  una  Am^cA  que  sa 
movilice  a  si  misma. 

Y  para  ello  es  indispensable,  a  la  par  de  la  unidad  de  procedimientos,  la  creaci6n 
de  una  marina  mercante  panamericana,  y  la  terminaci6n  del  ferrocarril  panamericano; 
factores  poderosos  que  aun  no  ae  tienen  y  que  aer&  necesario  crear  y  terminar  a  trueqve 
de  cualquier  aacrificil  pecuniario. 

El  canal  de  Panama,  obra  genial  y  patente  del  empuje  dcldpao  de  una  raia  ha 
venido  a  marcar  rumboa  nuevoa  y  definitivoa  al  primero  de  estos  factorea  y  para  la 
realizad6n  del  aegundo  a61o  ialta  la  acd6n  combinada  e  inteli^nte  de  un  OomiU 
intemadonal  de  ingenieroa,  que  aprovechando  loa  mil  y  un  elementoe  dispezaos,  d6 
unidad  al  conjunto  y  fije  a  cada  Reptiblica  8U.cuota  de  acddn. 

H6  ahi  el  problema  que  deeeo  eabozar  en  eataa  Uneaa. 

La  idea  de  unir  per  una  linea  f  ^rrea  todaa  laa  repdblicaa  americanasi  m  muy  antigiUb 
y  quiz^  contempor&nea  con  el  nacer  de  sua  ferrocarrilea;  pera  au  vida  ofidal,  si  asi 
podemos  llamarla,  empieza  en  la  ya  dtada  Conferenda  Intemadional  Panamedcava 
de  Washington  (1890),  que  formul6  al  respecto  un  Dictamm  que,  cotre  otraa  Ikva  la 
firma  del  repreaentante  de  Chile,  don  Emilio  Criadlogo  Varaa. 

Posteriormente  y  per  inidativa  del  President  Roosevelt,  ae  acordd  impukar  e909 
prop6sitos,  entreg^doloa  a  la  acci6n  preatigioaa  y  permcmenU  de  un  ComiU  panaiBfln- 
cano  y  a  la  pn^paganda  viajeia  de  un  Delegado  ofidal.  Bl  prim^o  qued^  compuesto 
de  los  Ministros  Plenipotenciarioe  de  Mexico,  Per6,  y  Guatemala,  Excmos.  aefiona 
Manuel  de  Aspiroz,  Manuel  Alvarez  Calder6n  y  Antonio  Lazo  Arriaga,  del  Honoobla 
H.  J.  Davis  de  West  Viiginia  y  del  conocido  fiUntropo  pacifista  Mr.  AiMlrew  OamegMY 
y  la  Qiiaidn  del  segundo  fu^  confiada  al  finandeis  Chailes  M.  Pepper. 


Digitized  by  VjOOQIC 


BHOINIEWJ^G.  813 

£1  sefior  Pepper  realiz6  con  esmero  y  entiudasmo  su  cometido,  visitando,  al  efecto, 
todas  las  repdblicas  de  America,  de  cuyoe  respectivos  Gobiemos  obtuvo  amplia- 
fadUdades. 

A  8a  paao  por  Santiago  tuve  el  honor  de  conocerie  y  aun  de  prop<»cionarle  datoe  de 
inter^B  que  habla  yo  logrado  reunir  lobre  la  red  ferroviaria  chilena;  atenci6n  que  41 
retribuy6  enviindome  su  informe  Pan  American  Raiiway  lUpoH  (1904),  en  el  cual  el 
dtado  fundonario  616  cuenta  al  Secretario  de  Relaciones  Exteriores  de  Estados 
XJnidoe  del  6xito  de  misi6n. 

El  Informe  de  Mr.  Pepper  permiti6  al  OowUU  PermanenU  de  Washington,  lormular 
el  esquema  de  un  Programa  de  trabajo  y  sefialar  los  puntos  ohligaido%  y  culminantee 
de  un  trazado;  pero  es  sensible  consignar  el  hedio  de  que  hasta  ahora  no  exista  una 
Gonvend6n  de  Gancilleria  que  fije  los  rumbos  definitivos  de  esta  obra  e  indique  loe 
medios  econdmicos  para  realizarla,  a  pesar  de  haber  figurado  como  tema  ofidal  y  pre- 
f  erente  en  cada  una  de  las  Gonierendas  Intemadonales  Panamericanas  de  Wd^hington 
(1890),  Mexico  (1902),  Rfo  Janeiro  (1906)  y  Buenos  Aires  (1910)  y  de  haberse  tratado 
ofidosamente  y  con  acopio  de  abundantes  dates  en  los  sucesivos  Gongresos  Gientffioos 
de  Montevideo,  Buenos  Aires,  Santiago  y  Washington  que  desde  hace  veinte  aflos  se 
vienen  celebrando. 

Permltaseme  a  este  respecto  un  recuerdo  personal. 

En  1910,  conmemorando  el  primer  centenario  de  la  independencia  americana,  se  celes 
braron  en  Buenos  Aires  tres  reuniones  muy  importantes  y  de  oarActer  continental: 
La  IV  Gonferencia  Panamericana  y  los  Gongresos  Gientfficos  y  Ferrocarrilero,  a  uno  de 
loe  cuales  me  cupo  el  honor  de  asistir  como  representante  oficial  de  mi  pais.  Apxo- 
vechando  esa  propicia  y  grata  ocasi6n  habl^  en  el  Gongreso  sobre  la  trascendencia 
econ6mica  y  pacifista  del  ferrocarril  panamericano  e  hioe  eepecial  mend6n  de  la  falta 
de  un  programa  internacional  de  trabajo  y  de  normas  fijas  sobre  su  trazado,  trocha, 
tarifas,  etc.  que  hicieran  liable  y  eficiente  su  realizaci6n. 

Mi  disertacidn  fu6  acogida  con  la  mayor  bene\  olencia  y  el  criterio  un&nime  e  ilus- 
trado  del  Gongreso  Bancion6  por  aclamaci6n  el  acuerdo  que  tu\e  el  agrado  de  proponer 
y  que  a  la  letra  dec^: 

— El  CoTigreto  Cimtifico  Intemadonal  Americano^  reunido  en  Buenos  Aires,  en  Julio 
de,  1910  f  esHmula  a  los  Gobiemos  de  Amfrica  a  proseguir  y  acelerar  los  estudios  y  trabajos 
del  ferrocarril  panamericano,  dentro  de  un  plan  fijo  y  aprobado  por  las  respectivas  Cancir 
Uerias. 

Mis  todavla  el  citado  acuerdo,  a  indicacidn  del  Presidente  del  Gongreso^  el  ilustre 
ingeniero  argentino  don  Luis  A.  Hueigo,  fu6  transciito  a  la  IV  Gonferencia  Paname- 
ricana, que  en  esos  mismos  dlas  se  celebraba  en  Buenos  Aires,  de  la  cual  recibi6  una 
nuev  a  y  entusiasta  aprobaci6n;  pero  la  acd6n  oficial  y  decisiva  de  loe  propios  gobiemos, 
la  Gonvencidn  de  GanciUerfa  que  mi  proyecto  de  acuerdo  estimulaba,  no  se  ha  pro- 
duddo  hasta  hoy. 

Hay  que  confesarlo,  ha  habido  negligencia  al  respecto. 

Pero  para  bien  estudiar  y  mejor  soludonar  el  vasto  problema  ferroviario  que  Miderra 
el  acuerdo  a  que  he  hecho  referenda  mds  arriba,  es  indispensable  la  conleccida  de  un 
piano  general  que  contenga  todos  los  ferrocarriles  americanos  en  explotaddn,  anexo  al 
cual  debe  figurar  una  Memoria  explicativa  de  la  importancia  comercial  y  polltica  de 
cada  uno  de  eUos  y  que  consigne  tambi^n  las  caiacter^caa  t^cnicaa  de  los  recpectivos 
trazados. 

He  ahf  la  esencia  y  objetivo  de  una  propoaici6n  que  hace  poco  envi6  al  redente 
Gongreso  Gientlfico  de  Washington,  al  desarrollar  el  tema  sobre  trocha  iSmica  o  paname- 
ricana, propueeta  por  el  Presidente  de  la  Secci6n  de  Ingenieria,  el  General  Brigadier 
Bixby,  ya  que  ese  piano  general  y  la  Memoria  anexa,  permitirin  resolver  acertada- 
mente  cada  uno  de  los  problemas  ferrov  iarios  que,  con  Indole  continental  se  propongan. 

Pre  io  estos  antecedentes  hist6rico6  paso  a  consignar  algunos  dates  sobre  la  impor- 
tancia internacional  del  ferrocarril  panamericano  y  a  sefialar  la  rata  mds  probable  o 
conveniente  de  su  trazado. 
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II 

Los  ferrocaniles  mundiales  pueden  estimarae,  en  ntimeroB  redondos,  en  1,100,000 
kil6metroe,  de  los  cuales  corresponden  a  la  Arnica  alrededor  de  un  70  por  ciento; 
gran  preponderanda  que  ae  debe  dnica  y  exclumvamente  al  desanollo  prodigioeo  que 
estas  vfas  de  comunicaci6n  han  tenido  en  los  Estados  Unidos. 

Segdn  el  Bureau  of  Railway  News  and  Statistics  de  1914  los  ferrocaniles  de  ese  pafe 
en  el  expresado  aflo  sumaban  ya  580,000  kms.  en  explotaci6n  (376,000  millas)  o  sea  que 
representaban  por  sf  solos  mis  del  50  por  ciento  de  los  ferrocarriles  mundiales. 

Esa  extensa  red  esU  ya  unida  por  el  norte  con  la  del  Canada  y  por  el  sur  con  la  de 
Mexico,  fonnando  asf  para  Norte  America  un  block  que  puede  estimarse  en  640,000 
kil6metro6. 

El  trazado  16gico  del  panamericano,  llamado  a  unir  todoe  los  Estados  del  Continente 
americano,  debe  estar  subordinado  a  dos  condiciones  importantes,  no  dempre  paralelas: 

Kilometraje  minima  y  efecto  titil  mdximo. 

Para  lo  primero  habr&  de  contemplarse  las  condiciones  topogr&ficas  de  la  zona  que 
atravieaa  y  para  lo  segundo  los  intereses  comerciales  y  politicos  de  los  veinte  E^stados 
llamados  a  unir;  sin  ob.  idar  o  despreciar,  por  supuesto,  el  mejor  aprovechamiento  de 
las  redes  ya  en  explotaci6n  o  construcci6n;  todo  lo  cual  seri  f^il  ver  y  apreciar  en  ^ 
Piano  General  y  en  la  Memoria  complementaria  a  que  me  he  referido  mis  atris. 

La  importancia  ferroviaria  de  esos  veinte  Estados  americanos  puede  aquilatarse  a  la 
vista  del  cuadro  siguiente,  formado  al  tenor  de  pacientes  infonnaciones;  cuadro  que 
nos  dice  que  la  parte  continental  de  las  tres  Arnicas  tiene  ya  en  explotaci6n  725,100 
kil6metros,  lo  que  da  un  promedio  de  1.81  kil6metros  por  cada  100  kil6metros  cuadra- 
dos  de  superficie  y  4.16  kildmetros  por  cada  1,000  habitantes  de  poblaci6n: 

Estado  de  los  Ferrocarriles  Americanos,  1916, 
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Agr^gando  a  esta  soma  las  inevitables  omieiones  y  las  redes  de  los  Estados  insulaieo 
de  Cuba,  Santo  Domingo,  Haiti,  Jamaica,  Puerto  Rico,  Martinica,  etc.,  se  puede 
concluir  que  Am^ca  cuenta  actualmente  con  750,000  kil6metros  de  fenocanilea  en 
ezplotacidn  o  sea  al  rededor  del  70  por  ciento  de  la  red  ferroviaria  mundial. 
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En  cuanto  a  la  rata  que  ha  de  seguir  el  panamericano  o  sea  a  lo8  puntos  culmipaptee 
u  obligados  de  su  trazado  puede  resumirse  en  la  fonna  siguiente. 

III. 

Estando  ya  unidas  las  redes  ferroviarias  del  Canada,  Estados  Unidos  y  Mexico,  la 
Ifnea  transcontinental  o  panamericana  arrancarfa  de  Ayutla,  punto  terminal  de 
los  ferrocarriles  mexlcanoe  en  la  frontera  con  la  Reptiblica  de  Guatemala,  para  seguir, 
vecino  a  la  costa  del  Pacffico,  por  \bs  inmediaciones  de  Retalhuleu  y  Mazatenango, 
hasta  Santa  Lucfa,  utilizando  el  Ferrocarril  Central  desde  su  capital,  Guatemala  a 
Escuintla  y  de  ahi  irf  a  a  Cuginijilapa  y  Santa  Ana,  ciudad  ubicada  ya  en  la  Reptiblica 
de  San  Salvador. 

En  ese  pais  se  aprovecharfa  la  llnea  central  que  pasa  por  Santa  Ana,  Nuevo  San 
Salvador,  su  capital  San  Salvador,  Cojutepeque,  San  Vicente  y  San  Miguel,  para 
entrar  a  la  Reptiblica  de  Honduras  por  Guascordn. 

De  Guascordn  continuarla  por  la  margen  del  golfo  de  Fonseca,  atravesando  por  el 
estado  y  ciudad  de  Choluteca,  para  continuar  con  rambo  sur  hacia  la  Repdbllca  de 
Nicaragua. 

En  esa  Reptiblica  la  Ifnea  pasarfa  por  Chlnandegua,  para  enlazarse  con  el  ferro- 
carril de  Corinto  al  lago  Managua,  el  cual  podrfa  aprovechar  hasta  Puerto  Viejo,  para 
seguir,  via  capital  Managua,  Masaya  y  Rivas,  a  la  Reptiblica  de  Costa  Rica. 

Continuando  por  la  margen  del  lago  Nicaragua,  se  internaria  por  las  extensas  llanuras 
de  Guatusa  y  San  Carlos,  hasta  la  ciudad  de  Alajuela,  desde  donde  parte  un  ramal  a 
su  capital  San  Jos6. 

De  Alajuela  seguirla  por  el  ferrocarril  de  San  Joe6  a  Puerto  Lim6n,  para  tomar 
despu^s  rumbo  directo  hacia  la  Reptiblica  e  itsmo  de  Panami. 

En  la  construcci6n  de  este  gran  tramo  del  panamericano,  o  sea  del  que  atraviese 
todo  Centre  Arnica,  debe  tener  accidn  preponderante  los  Estados  Unidos  no  s61o 
por  ir  ligando  naciones  que  estdn  dentro  de  su  zona  de  atracci6n  o  influencia  comercial; 
sino  tambi^n  por  la  necesidad  y  conveniencia  de  proteger  las  obras  del  canal- 
interoceinico  construldo  por  la  actividad  y  dinero  de  sus  hijos.  Recu^eee  que  la 
zona  del  itsmo  pertenece  a  la  Uni6n. 

Llegado  el  ferrocarril  a  los  deslindes  con  la  Reptiblica  de  Colombia,  caerla  al  rfo 
Atrato  y  cruzando  la  cordillera  occidental,  pasaria  al  hermoso  y  f^rtil  valle  del  Cauca, 
cuyo  curso  remontarfa,  pasando  por  Antioquia,  Cartage,  Cali,  Popayin,  etc.,  y  demis 
ciudades  que  lo  pueblan,  para  caer  nuevamente  a  otro  valle,  el  del  rio  Patia  y 
seguir,  via  Paste  e  Itiale,  a  la  Reptiblica  de  Ecuador. 

Dentro  de  este  trayecto  el  panamericano  conectarfa  con  todo  el  sistema  ferroviaiio 
de  Colombia,  al  cual  se  uniria  por  sendos  ramales:  Uno  que  de  Antioquia  conduce  a 
Medellin  y  Puerto  Berrio  sobre  el  rio  Magdalena,  siguiendo  cuyo  curso,  aguas  abajo, 
se  llega  a  los  puertos  Cartagena,  Barranquilla  y  Santa  Marta  en  el  mar  Caribe  y  otro 
que  de  Cali  sigue  al  poniente  hasta  el  puerto  Buenaventura  en  el  Oc^ano  Paclfico  y 
hacia  el  oriente  hasta  empalmar  con  la  Ifnea  de  Girardot  a  la  capital  Bogotd,  desde 
cuya  ciudad  arrancan  los  denominados  ferrocarriles  Norte,  Sur  y  de  la  Sabana 
Colombiana. 

La  conexi6n  del  panamericano  con  la  Reptiblica  de  Venezuela  se  harf  a  prolongando 
hacia  el  oriente  el  citado  ferrocarril  de  Antioquia,  que  llega  ya  a  Puerto  Berrfo  sobre 
el  Magdalena,  el  que,  atravesando  la  cordillera  oriental  llega  a  su  capital  Caracas, 
vfa  San  Jos4  de  Cuentas,  San  Crist6bal,  Mdrida,  Trajillo,  Barquisimeto  y  Valencia. 

Esta  es  quizes,  la  secci6n  mds  costosa  y  diffcil  del  panamericano  a  causa  de  la 
particular  orograHa  de  Colombia. 

Sabido  es  que  esta  Reptiblica  ee  atravesada  de  Norte  a  Sur  por  dos  extensoe  y 
f^rtiles  valles,  el  Cauca  y  el  Magdalena,  encuadrados  por  tree  altos  cordones,  el  de  la 
Costa,  el  Central  y  el  Oriental,  que  no  son  sine  tree  abraptos  ramales  en  que  se  divide 
ahf  la  Cordillera  de  los  Andes. 
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De  9hi  que  para  entiar  al  valle  del  Cauca  haya  que  atraveear  la  cordilkra  occideiital^ 
para  ir  a  Bogota,  la  central  y  para  Uegar  a  Caracas,  la  oriental. 

Intemado  el  panamericano  en  la  repdblica  del  Ecuador,  pasarla  por  lae  ciudadeB 
Tulcin,  Quito,  Tucungd,  Ambato,  Cuenca  y  Loja,  en  cuyo  trayecto  aprovechaifa 
una  bueaa  seccidn,  hasta  Alanii,  del  ferrocarril  que  de  la  capital  Quito  va  al  puerto 
de  CKiayaquil  en  el  Pacffico  y  continuando  hacia  el  sur  entraria  al  departamento  M 
Amaiiona  de  la  leptiblica  del  Pert!. 

£n  efta  reptiblica  se  deaanrollarfa  pes  los  vallee  de  los  rfoe  Marafi^  y  Huallaga, 
que  remontarfa  y,  vfo  Hu^uco  conectarfa  en  Goillarisquiflca  c<m  el  denondnado 
Ferrocarril  Central,  por  el  cual  seguirfa,  via  La  Orojra,  Huancayo,  Ajracucho  y  Cosco^ 
hasta  el  puerto  de  Puno,  ubicado  en  el  caracteristico  lago  Titicaca.  La  longitud 
total  que  ha  de  recorrer  el  panamericano  en  el  territorio  peruano  se  la  eBtima  en 
1,(30  kil6metroa  de  la  cual  hay  un  05  por  ciento  en  explotaci<)n  y  desde  una  de  las 
estaciones  del  Ferrocarril  Central,  La  Oroya,  parte  un  ramal  de  220  kiliknetroe  que 
va  a  8u  capital  lima. 

Uegado  el  panamericano  al  Titicaca,  entrarfa  ya  a  la  reptiblica  de  Bolivia,  empal- 
nando  en  el  puerto  Guaqui  con  el  Ferrocarril  Central  boliviano  que  atraviesa  de  norte 
a  fur  toda  la  repdblica,  pasando  por  bu  capital  La  Pas  y  las  ciudadee  de  Oruro,  Uyiini, 
Tupiza,  hasta  llegar  a  La  Quiaca,  en  las  fronteras  aigentinas. 

Desde  este  tramo  boliviano,  que  puede  estimarse  en  unoe  950  kil6metroe,  iMtttiriaB 
sendee  ramales  de  conexidn  con  las  extensas  redes  braedleras,  paraguayas,  umguayas 
y  chilenas,  que  en  su  con  junto  pueden  estimarse  en  unos  40,000  Idl^netroe,  ya  que, 
propiamente  dicho,  ellas  no  quedan  en  el  curso  natural  y  l<3gico  del  f^rocturil  pan- 
americano, cuya  prol<»gaci6n  ha  de  s^guir  por  la  Argentina,  por  la  region  central 
de  la  Am^ica. 

Esot  ramales  de  pwietraci^  serian: 

1.°  Con  la  reptiblica  del  Brasil  se  proyectan  doe  conexiones  intemacienales:  ana 
que  partiendo  de  La  Pai  hacia  el  norte,  irfa,  via  Yungas,  a  Puerto  Pando  sobro  el 
Beni  y  Villa  Bella  sobre  el  Mamor4  para  empalmar  con  los  ferrocarriles  del  Madeira 
que,  corapletando  la  ruta  fluvial  del  Amazonas,  conducen  al  puerto  ParA  sobre  el 
Atlintico  y  otra  que  consistiria  en  la  prolongacidn  del  ramal  Oruro  a  Cochabamba, 
hada  Santa  Crua  y  Puerto  Su^tfez  ubicado  en  las  propias  fronteras  braaileras,  desde 
donde  continuarf  a  hacia  el  oriente,  hasta  empalmar  en  el  alto  Parani  con  la  red  que 
ceBduce  a  su  ci^tal  Rfo  Janeiro  y  dem^  puertos  del  Dtoral  brasilefio; 

2.^  La  eon6zi6n  eon  la  reptiblica  del  Paraguay  se  haria  pidongando  hacia  el  oriesite 
el  ramal  de  Rio  Mulato  a  Potosi,  hasta  llegar  al  valle  del  rio  Pilcomayo,  per  cuyo 
cuno  bajarfa  para  llegar  a  su  capital  Asuncit^; 

3.*  Llegado  este  ramal  a  Asunci^  raapalmarfa  ahi  con  el  Ferrocarril  Cratral  par*- 
gQ$>yo  ek  que,  via  Villa  Rica  y  £ncarBaci<Sn,  c<mduce  actuabnente  al  t^ritorio  afgoh- 
tlBO  de  Ifisiones  y  uni^ndose  en  Posadas  con  las  Ifneas  dek  Alto  Un^uay  U^ga  a  so 
cajntal  Montevideo; 

DebeBios  agregar  que  actuahnente  se  puede  ir  por  tien  directo  y  con  1,460  kma.  de 
desarrollo  de  Asunddn  a  Buenos  Aires  y  eaa.  igual  forma  de  Montevideo  a  Rio  Jmeno, 
con  3,165  kms.  de  recorrido;  y 

4.^  Nos  queda  por  tiltimo  la  conexi^  dd  ferrocarril  panamericano  con  la  repdbHcm 
de  Chile,  lo  que  se  harfa  aprovechando  doe  ferrocarriles  ^i  actual  ezplotaci6n:  el  que 
va  directamente  de  La  Pas  al  pu^to  de  Arica,  con  440  kms.  de  recorrido  y  d  que 
aitancando  de  IJyuni  llega  al  de  Antolagasta  con  610  kms.  de  deeanrolkK  Los  dtadoa 
ramales  empsdmarian  en  Arica  y  Baquedano  con  el  denominado  Ferrocarril  Longi- 
tudinal, el  que  con  ima  longitud  de  3,500  kil6metros  recone,  de  norte  a  sor,  teda  la 
r^gidn  central  del  territorio  chileno  y  pasando  por  su  cental  Santiago,  remata  en  el 
Golfo  de  Reloncavf,  en  Puerto  Montt. 

De  manera  que  el  trazado  que  he  venido  describiendo  para  el  panamericaDO,  colo- 
caria  a  la  Paz,  capital  de  Bolivia  en  una  especial fsima  situad^n  de  eentro  radM  de 
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tas  conexiones  que  iiian  al  Perd,  Braail,  Faraway,  Uruguay,  Aigentina  y  Chilei  de 

<:uya8  capitalee  distarla: 

Klldmetrofl. 

toe  Lima  (via  Puno  y  La  Oroya) 1, 790 

De  Rfo  Janeiro  (via  Puerto  Sutoz) 3, 000 

De  Ammci6n  (via  Pilcomayo) 1, 800 

De  Montevideo  (via  Paysandti) 3, 230 

De  Buenos  Aires  (via  La  Quiaca) 2, 640 

De  Santiago  (via  Baquedano) 2, 600 

Volviendo  al  ferrocarril  panamericano  que  habla  dejado  en  las  fronteras  sud- 
bolivianas,  en  la  Quiaca,  agr^;ar^  que  ahl  empalmarla  con  el  Central  Norte  y  con 
ello  con  la  red  ferroviaria  de  la  Reptiblica  Argentina,  que  conduce  a  su  capital  Buenos 
Aires,  a  bus  puertos  fluviales  de  Gorriente,  Santa  Fe  y  Rosario  y  al  Atlintico  de  Bahla 
Blanca. 

De  Buenos  Aires  parte  al  poniente  otra  conexi6n  del  panamericano  con  la  red 
chilena,  constitulda  por  el  ferrocarril  trasandino  que,  via  Mendoza  y  Los  Andes  y 
1,430  kil6metros  de  desarrollo,  Uega  a  Santiago. 

Tendrlamos  asl,  siguiendo  el  trazado  que  en  sus  rasgos  generales  he  venido  sefLalando 
unidds  por  una  llnea  f^rrea-tronco  y  sendos  ramales  intemacionales,  veinte  Eatados 
americanos,  que,  en  su  conjunto,  suman  40  miUones  de  kil6metros  cuadrados  de 
superficie,  175  millones  de  habitantes  de  poblaci6n  y  servidos  por  una  red  farroviaria 
de  725  mil  kil6metros  de  desarrollo,  quedando  asl  todas  sus  capitales,  desde  Ottawa 
hasta  Buenos  Aires,  unidas  entre  si. 

IV 

— Qu6  porci6n  de  este  ferrocarril  hay  ya  construido? 

El  piano  general  pr6ximo  a  publicarse,  nos  lo  dir6  exactamente  y  mientras  tanto 
«er&  titil  conocer  el  siguiente  dato: 

Hace  18  afios  se  celebr6  en  Buenos  Aires  un  Congreso  Oientffico  al  cual  presentd  el 
ex-Ministro  de  Fomento  del  Uruguay,  el  ingeniero  don  Juan  Jos^  Castro,  un  extenao 
trabajo  con  el  tltulo  EstuMo  de  los  ferrocarriles  que  ligardn  en  el  porvenir  las  repdhliecu 
americanoB  (1898),  en  el  cual,  calculando  para  la  llnea-tronco  de  Washington  a  Buenoe 
Aires  una  longitud  de  16  mil  kil6metros,  obtiene  un  48  por  ciento  en  explotacidn  y 
un  10  por  ciento  en  construccidn,  lo  que  daba  un  saldo  de  42  por  ciento  por  realizar. 
Si  a  esto  agregamos  la  longitud  de  los  ramales  intemacionales  ya  sefialados  y  se  toma 
en  cuenta  lo  que  se  ha  hecho  desde  entonces  ac£,  creo  que  no  serla  exagerado  decir, 
a  grandes  rasgos,  que  hoy  dla  apenas  si  faltar^  un  25  por  ciento  por  realizar,  pues  hay 
naciones,  como  Canadd,  Estados  Unidos,  Mexico,  Paraguay,  Uruguay,  Argentina  y 
Chile  que  tienen  ya  terminada  su  cuota,  y  otras,  como  el  Perti,  Bolivia  y  Brasil,  que 
la  tienen  bastante  adelantada. 

Respecto  al  coato  de  construccidn,  impoaible  serla  calcularlo  sin  tener  a  la  vista 
los  pianos,  perfiles,  trocha,  etc.,  del  case;  pero,  recordando  que  lo  que  queda  por 
realizar  quizds  sea  lo  m&s  dtficil  y  costoso,  y  considerando  diveisos  e  importantes  datoo 
estadlsticos  pertinentes,  creo  que  serla  prudente  estimarlo  en  unos  35,000  d61are6 
(£7,000)  por  kil6metro. 

Todo  lo  cual  conducirla  a  calcular  en  unos  150  millones  de  ddlares  (£30  millones) 
el  costo  aproximado  de  los  tramos  por  ejecutar  del  tantas  veces  citado  ferrocuril 
panamericano. 

Bxcusado  ser&  decir  que  las  tendencias  y  fines  de  este  ferrocarril  tendr&n  que 
limitarse  a  trayectos  parciales  de  pueblo  a  pueblo,  de  naci6n  a  naci6n,  a  manera  de 
eilabanes  de  una  gran  cadena  de  afectos  y  solidaridad  continental,  por  lo  cual,  lejoa 
de  constituir  una  amenaza  para  la  marina  mercante  esti  llamado  a  ser  su  ayuda  poderosa 
y  eficiente. 
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De  9hi  que  eetime  que  esta  trascendental  obra,  que  la  acci6n  individual  de  veinte 
naciones  ha  venido  ejecutando  paulatinamente  en  los  80  afios  que  los  f^rrocaznlei 
americanos  llevan  de  vida,  podrla  y  aun  deberfa  terminane  en  uno  o  doB  lustxoB  de 
trabajOy  siempre  que  se  le  sometiera  al  dictado  de  un  programa  racional  y  enccmtna 
acogida  econdmica  y  mancomunada  de  los  gobiemoe. 


UNIFORM  GAUGE  OF  RAILWAYS. 

By  F.  LAVIS, 
American  Intemational  Corporation,  New  York  City. 

In  North  America  and  Mexico  the  question  of  gauge  was  settled  a  good  many  yean 
ago  by  the  adoption  of  4  feet  8i  inches  (1.44  meters)  as  the  standard,  and  as  the  lines 
of  this  gauge  comprise  85  per  cent  of  the  total  mileage  of  the  Western  Hemisphere  and 
carry  even  a  much  laiger  percentage  of  the  railway  traffic,  it  is  at  once  evident  that 
the  adoption  of  a  imiform  gauge  for  Pan  America  means  the  adoption  of  this  gauge  m 
the  standard.  The  problem  to  be  considered,  however,  is  a  much  laiger  one  than  ia 
at  first  sight  indicated  by  the  statement  that  only  15  per  cent  varies  from  the  standard. 
For  convenience  in  this  paper  the  4  foot  81  inch  (1.44  meter)  gauge  will  generally 
hereinafter  be  referred  to  as  standard,  lesser  gauges  as  narrow,  and  wider  gauges  as 
I  broad;  and  South  America  will  be  understood  to  include  also  Central  America.    All 

I  money  values  are  stated  in  United  States  gold  dollars. 

I  It  is  a  fact  not  generally  realized  by  railroad  men  or  even  by  engineers  that  the  first 

\  cost  of  construction  of  lines  of  4  foot  8)  inch  gauge  in  any  kind  of  country,  whether 

[  mountainous  or  flat,  is  so  little  more  than  the  cost  of  narrow  gauge  (meter,  or  3  feet 

I  6  inches)  that  it  would  seldom  be  worth  considering  where  there  is  any  reasonable 

;  expectation  of  the  lines  being  linked  up  to  others  to  form  parts  of  extended  syBtems 

\  or  through  routes,  or  where  there  is  a  reasonable  prospect  of  developing  anything  man 

j  than  the  most  meager  traffic,  except  for  the  fact  that  narrow-gauge  lines  have  already 

I  been  established  in  the  territory.    The  broad  gauge,  while  theoretically  having  cet^ 

tain  benefits,  which  might  have  been  developed  practically,  as  a  matter  of  fact,  piin- 
:  dpally  owing  to  clearance  limitations,  has  never  been  developed  to  the  capacity  for 

I  traffic  which  has  been  attained  by  many  standard-gauge  lines  in  the  United  States; 

there  seems  to  be,  therefore,  little,  if  any,  advantage  in  such  extra  cost  as  may  be 
i  involved  to  provide  the  wider  track  and  roadbed. 

From  an  economic  standpoint  there  is  little  doubt  in  the  writer's  mind  that  it  it 

J  most  unfortunate  that  the  4  foot  8}  inch  gauge  was  not  adopted  as  the  standard  for 

South  America  as  well  as  for  North  America.    It  is  true  that  there  are  some  aigumenta 

which  may  be  advanced  which  seem  to  favor  a  wider  gauge,  but,  as  has  been  pointed 

I  out  by  Mr.  James  J.  Hill,  the  man  probably  best  qualified  to  express  an  opinion  on 

the  subject  of  the  development  of  new  countries  by  railway  transportation,  that  while 

with  our  present  traffic  requirements  a  wider  gauge  with  proportionately  greater  clear- 

\  ance  widths  would  facilitate  a  much-needed  increase  in  the  development  of  larger  units 

I  of  traction  and  rolling  stock,  the  4  foot  8}  inch  gauge  was  all  we  could  afford  during  the 

I  development  stages  of  our  country.    We  have  by  no  means  as  yet  reached  the  limit 

of  capacity  of  this  gauge,  in  spite  of  the  fact  that  we  move  single  trains  having  a  grosi 

weight  of  8,000  tons.    It  has  proven  capable  of  handling  a  very  large  voliune  of  traffic 

per  unit  of  length  and  is  probably  as  near  the  ideal  mean  as  may  be  attained  between 

too  great  a  first  cost  for  lines  largely  for  territorial  development  and  lines  of  narrower 

gauge  and  of  slightly  lower  first  cost,  but  with  limited  capacity  and  speed  and  very 

considerable  limitations  in  economy  of  operation. 

It  is  of  little  use,  however,  to  speculate  as  to  what  might  have  been  done  unless 
such  speculation  may  lead  us  to  a  better  understanding  of  future  policy,  and  our  first 
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necessity  is  to  realize  clearly  the  actual  present  status  of  the  railways  of  the  Western 
Hemisphere  in  regard  to  difference  of  gauge.  For  this  purpose  Table  I  has  been  pre- 
pared to  show  as  nearly  correctly  as  it  has  been  possible  to  obtain  the  information  the 
lengths  of  lines  of  the  various  gauges  in  each  of  the  countries  south  of  Mexico.  Tabu- 
lated under  general  headings  this  shows  the  following  results  for  Pan  America: 


North 
America 

and 
Mexico. 

Boath 

America 

and  Central 

America. 

TojtaL 

Narrow 

Kilo- 
meters. 
14,5«1 
464,735 

Kilo- 
meters, 
44,631 
12,740 
22,185 

Kilo- 
meters. 
59,192 
477,475 
22,185 

Standard 

Broad 

Total 

479,296 

79,556 

658,852 

The  writer  believes  that  it  may  be  accepted  bs  a  fact  that  for  routes  of  through 
communication  a  uniform  gauge  is  desirable  and  that  differences  in  gauge  on  such 
routes  is  a  disadvantage.  The  matter  has  been  often  and  most  thoroughly  discussed, 
and  reference  to  only  one  case  with  which  all  are  familiar,  namely,  the  transcontinental 
line  between  Buenos  Aires  and  Valparaiso  with  its  three  sections  of  different  gauge, 
is  all  that  is  necessary  to  emphasize  it. 

Table  1. —Length  of  lines  of  different  gauge  in  the  countries  to  the  south  of  North  America 

and  MeoncOy  in  kilometers. 


Narrow. 

Stand- 
ard. 

Broad. 

Feet  and  Inches 

•2   0 

2    6 

3    0 

3    31 

3    6 

4    8J 

6    0 

5    3 

5    6 

TotaL 

Meters 

0.61 

0.76 

0.91 

LOO 

L07 

L44 

L52 

L60 

L68 

Central  America: 

Guatemala 

762 
248 

762 
248 
898 

Salvador 

Honduras 

304 

94 

........ 

Honduras,  British..... 

40 

..... 

40 
278 

Nicaragua'. 

278 
687 

Costa  Rica 

687 

Panama 

100 
73 

100 

3,798 
320 
437 

West  Indies: 

Cuba. 

186 

111 

118 

3,410 
320 

JAm«\lpA          

Porto  Rico 

487 

HaitL 

103 

280 
140 

383 

Ban  Domingo 

97 
42 

237 

Barbados 

42 

Trinidad 

191 

191 

Boath  America: 

Dutch  Guiana. 

173 
29 
175 
122 

178 

British  Guiana. 

24 
836 

28 
464 

97 

150 
948 

Venezuela. 

182 

255 
925 

Colombia 

1,075 

464 

2,926 

1,379 

6,717 

32,854 

2,462 

374 

Ecuador 

Peru 

132 

11 

268 

245 

U,379 

3,638 

10,301 

2,260 

Bolivia. 

Chile 

923 

465 

862 
2,649 
2,462 

374 
12 

829 
19,904 

ArgenthiA 

....... 

Uruguay 

Paraguay 



Brazil 

20,823 

1,452 

22,287 

Total 

539     1  14A  1 

2,616 

37,322 

3,006 

12,740 

173 

1,452 

Om  79!t              "VO  '"lA 

tV,  fM 

1 2  feet  3}  inches-  70  centimeters. 

s  Antoiagasta,  being  changed  from  2  feet  6  inches  to  meter,  inchided 


as  meter  gauge. 
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In  this  matttf  of  gauge,  South  America  is  to-day  in  much  the  aame  position  as  iras 
the  United  States  of  North  America  some  50  yean  ago  when  the  nanroir  gaug»  lines 
having  been  proven  inadequate  to  meet  the  transportation  needs  of  the  country,  the 
mania  for  their  construction  having  died  out,  owing  to  the  difficulties  of  intercommind- 
cation  having  multiplied  do  rapidly,  It  was  necessary  to  strain  every  effort  to  obtain 
A  uniform  gauge  and  adopt  a  standard  which  was  then  fixed  at  4  feet  8}  inches.  In 
South  America,  railway  construction  except  for  certain  large  groups  in  the  south, 
has  so  far  been  almost  raitirely  of  individual  lines,  built  with  an  eye  only  to  the  require- 
ments of  certain  circumscribed  localities,  and  with  theories  as  to  gauge  often  based 
on  all  the  arguments  proven  time  and  time  again  to  be  faUacious.  Now,  however, 
lines  have  been  extended  not  only  within  the  individual  countries  to  connect  with 
other  lines  within  their  own  borders,  but  to  the  boundaries  of  adjacent  countries  to 
connect  with  other  syst^ns.  The  day  is  now  clearly  in  sight  when  the  railways  of 
Peru  will  connect  with  those  of  Bolivia  and  Brazil,  those  of  Brazil  with  Paraguay, 
Uruguay  and  Bolivia,  those  of  the  Argentine  with  Uruguay,  Paraguay,  Bolivia  and 
Chili,  and  so  on,  and  the  inconveniences  of  the  differences  in  gauge  are  being  daily 
multiplied. 

It  takes  little  imagination  to  conceive,  that  within  the  next  25  years,  a  vast  network 
of  lines  will  cover  the  greater  part  of  South  America  except  poadbly  certain  areas  in 
the  lower  parts  of  the  vaUey  of  the  Amazon. 

The  question,  therefore,  is  not  of  the  gauge  of  a  single  line,  but  the  gauge  to  be 
adopted  for  the  railways  of  a  continent,  so  that  the  people  and  the  products  of  each 
nation  may  enjoy  free,  commodious,  and  cheap  intercommunication  between  the 
various  countries  and  from  the  interior  to  the  seaboard. 

The  problem  which  is  presented,  therefore,  is  whether  it  is  practically  possible  now 
to  attain  the  ideal  and  convert  all  these  lines  to  the  uniform  gauge  of  4  feet  8^  inches 
or  whether  one  or  more  standards  can  be  adopted,  limited  perhaps  to  certain  sections, 
so  that  general  uniformity  may  be  attained  over  considerable  areas  and  the  expense 
and  inconvenience  due  to  differences  in  gauge  in  territory  where  free  and  easy  inter- 
communication IB  desirable  be  at  least  minimized. 

That  the  operation  is  one  of  some  magnitude  may  be  realized  by  assuming  the  very 
reasonable  estimate  of  the  cost  of  converting  the  narrow  gauge  lines  to  standard  to  be 
about  $8,000  gold  per  kilometer  and  for  converting  the  broad  to  standard  about  $1,000 
per  kilometer.  The  total  cost  for  conversion  to  standard  gauge  would  be  approxi- 
mately $400,000,000  gold,  which,  if  confined  only  to  the  lines  changed,  would  require 
additional  gross  earnings  of  a  little  less  than  $1,000  per  kilometer  p^  annum  to  provide 
for  the  increased  interest  charges.  It  must  be  kept  in  mind,  however,  that  the  ad<^ 
tion  of  the  policy  of  a  uniform  gauge  by  no  means  requires  that  all  lines  be  converted 
immediately;  there  are  some  moimtain  lines,  many  isolated  lines,  and  others,  the  con- 
version of  which  can  be  postponed  for  qidte  a  long  time.  Twenty-five  years  is  not 
long  in  the  life  of  a  continent  and  it  surely  would  not  take  much  courage  and  foresight, 
as  things  go  nowadays,  to  embark  on  an  enterprise  requiring  the  expenditure  of  half 
a  billion  doHars  spread  over  25  years.  It  must  be  borne  in  mind  also  that  the  pros- 
perity and  value  of  the  unchanged  lines  would  be  increased,  and  as  the  whole  under- 
taking must  be  an  international  one  to  be  successful,  this  is  a  {acUjh  to  be  tak^i  into 
consideration.  To  those  who  have  faith  in  the  continued  progress  and  increased 
prosperity  of  South  America,  and  that  means  all  who  have  had  the  opportunity  to 
learn  at  first  hand  of  its  vast  natural  resources,  this  operation  is  by  no  means  beyond 
the  range  of  possibilities. 

There  is  another  and,  in  the  writer's  estimation,  truer  light  in  which  the  financial 
problem  should  be  viewed,  and  that  is  to  ccmsider  the  diff^ence  in  the  cost  of  the  whole 
railway  net,  at  the  end  of  say  25  years,  with  all  new  lines  built  to  the  standard  gauge 
and  existing  lines  converted  to  the  imiform  gauge  and  the  cost  of  the  same  net  ex* 
tended  on  ike  go-as-you-please  system  now  in  vogue. 
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For  the  purpose  of  this  comparison,  certain  units  of  value  as  given  below  will  be 
used.  It  is  not  to  be  understood  that  these  necessarily  indicate  the  value  of  the  exist- 
ing lines,  but  they  are  taken  as  near  enough  to  show  the  effect  of  distributing  the  cost 
of  changing  the  gauge  over  the  entire  railway  net  as  it  may  exist  in,  say,  25  years.  The 
map,  figure  1,  shows  the  existing  lines  by  full  lines,  possible  extensions  in  dotted 
lines. 


FlO.  1. 
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AtmtMd  unit  costs  in  gold,  per  kilometer. 

Cost  to  build  broad  gauge 141,500 

Co6t  to  build  standard  gauge 40,000 

Cost  to  build  meter  gauge 38,000 

Cost  to  change  meter  to  standard  gauge 8, 000 

Cost  to  change  broad  to  standard  gauge 1.000 

Cost  ofraUway  net  wi  1940,  assuming  continuance  of  present  policy  of  different  gauger 


Kilo- 
meters. 

Cost 
perkflo- 
meter. 

Total  oosL 

Droftd  KKijw  ftxtetiwr. 

22,500 

ao,ooo 

Total 

42,600 

941,500 

$1,763,750,000 

fltftndftrd  Fiwifire  e»tothMr    , .  - .  r ..,.,,,-.. 

12,740 
7,600 

Btandard  gauge,  new 

Total 

20,240 

40,000 

809.600,000 

44,631 
45,309 

Narrow  gauge  new ..  " 

Total 

90,000 

38,000 

3,420,000,000 

Grand  total 

152,740 

5, 983,  $50,000 

Cost  of  railway  net  in  1940,  uniform  gauge. 


Kilo- 
meters. 


Cost     I 
perkilo-     Totalc 
meter. 


Broad  gauge  existing 

Broad  gauge  conversion . . 
Standard  gauge  existing. 
Narrow  gauge  existing. . . 
Narrow  gauge  oonversion 
New  lines  all  standard. . . 

Total 


22,500 
22,500 
12,740 
44,631 
44,631 
72,860 


641,500 

1,000 
40,000  I 
38,000  ; 

8,000  ! 
40,000 


1033,7501,000 

22,500,000 

509,000^000 

1,005,978,000 

857,018,000 

2,914,700,000 


219,871 


6,433,638,000 


It  will  thus  be  seen  that  to  obtain  a  uniform  gauge  throughout  the  whole  of  this 
temtory  within  the  next  25  years  would  involve  an  expenditure  of  about  $440,000,000 
more  then  would  be  required  to  make  the  same  length  oi  extensions  at  diflfeceni 
gauges,  in  about  the  same  proportions  of  each  as  at  present;  that  is  to  say  the  additiaaal 
cost  will  be  about  $2,000  per  kilometer  more  for  the  whole  of  the  220,000  ldlomela% 
assumed  as  the  total  leng&  by  the  year  1040.  Asmiming  interest  charges  of  6  per 
cent,  this  therefore,  requires  additional  net  earnings  oi  $120  per  kilometer,  which  in 
the  case  of  many  lines  would  easily  be  provided  by  the  increased  capacity  made 
available  and  the  decreased  cost  of  operation  possible  on  the  standard-gauge  lines. 
Of  course,  these  estimates  do  not  include  expenditures  for  any  improvements,  sndi 
as  providing  heavier  rails  and  bridges  or  increased  capacity  rolling  stock,  which  am 
not  a  necessary  accompaniment  ai  changes  of  gauge,  but  which  are  often  carried  out 
at  the  same  time  when  the  change  is  made  to  provide  for  heavier  tiaflic,  nor  is  aay 
allowance  made  for  the  additional  credit  which  should  properly  be  claimed  for  tlie 
standardized  system  by  reason  of  the  fact  that  this  would  in  many  cases  obviate  the 
necessity  of  double  tracking  many  of  the  nanow-gauge  lines  which  are  nearing  and 
during  this  period  will  reach  the  limit  of  their  traffic  capacity,  which  is  probehly  nol 
over  50  per  cent  of  the  capacity  of  a  standard-gauge  line. 
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Of  course,  nothing  but  unanimous  or  nearly  unanimous  and  concerted  action  by 
the  various  governments  as  well  as  the  highest  financial  authorities  could  make  such 
a  scheme  feasible  or  worthy  of  serious  consideration,  but  to  the  writer  it  seems  far 
more  practical,  far  more  necessary  to  the  best  interests  of  all  the  western  nations  that 
the  so-called  Pan-American  Railroad,  which,  in  spite  of  all  the  time  and  money  spent 
on  its  promotion  must  remain  a  dream,  a  chimera,  unless  some  reasonable  system  of 
uniformity  of  gauge  be  adopted,  whereas  with  the  adoption  of  a  uniform  gauge  it 
becomes  at  once  a  near  practical  reality.  It  can  not  be  expected  that  the  railways 
themselves  can  afford  to  bear  the  whole  expense  of  making  the  change,  though  they 
might  bear  part  of  it.  There  are  many  lines  where  the  business  in  sight  now  would 
not  warrant  it;  lines  already  of  standard  gauge  would  profit  at  the  expense  of  the  others 
by  the  opening  up  ci  extended  connections;  in  short  the  scheme  would  probably  be 
entirely  impractical  except  by  concerted  action  directed  along  certain  definite  lines  to 
the  final  result  by  all  the  governments  and  with  their  substantial  assistance  and  credit. 

The  writer  believes  that  the  adoption  of  a  uniform  gauge  throughout  the  Western 
Hemisphere  is  the  highest  ideal,  and  that  given  time  and  sufficient  study  and  with 
the  cooperation  of  all  the  interests  involved  a  practical  scheme  could  be  worked  out 
for  its  attainment.  In  the  foUowing  argument  the  question  will  be  taken  up  in  two 
parts;  first,  to  present  briefiy  the  arguments  which  tend,  in  the  writer's  opinion,  to 
show  that  the  4-foot  8}-inch  gauge  is  not  only  nearest  the  ideal,  but  that  it  is  entirely 
practical  from  an  economic  as  weU  as  a  construction  standpoint  even  where  difficulties 
of  terrain  and  necessity  of  obtaining  the  lowest  first  cost  are  governing  considerations; 
and  second,  to  consider  the  possibilities  of  compnnnise  between  the  ideal  of  a  sin^ 
standard  and  the  more  or  less  chaotic  condition  which  now  prevails,  by  the  adoption 
of  one  or  more  standards  confined  to  certain  delimited  areas. 

The  first  of  these  two  questions  may  be  divided  again  into  two  parts,  first,  whether 
a  gauge  wider  than  4  feet  8}  inches  is  desirable  and  second  the  arguments  for  and 
against  a  narrower  gauge.  Before  going  into  further  details,  however,  it  seems  desir- 
able to  call  attention  to  the  fact  that  the  type  of  construction,  whether  light  or  heavy, 
has  little  or  nothing  to  do  with  the  gauges.  In  the  minds  of  many,  light  construction 
is  associated  only  with  narrow  gauge,  and  heavy  solid  construction  with  broad  gauge. 
This,  of  course,  is  a  Mlacy,  which  is  one  of  the  most  fruitful  sources  of  useless  discuflsion 
in  considering  the  gauge  question.  It  is  quite  as  feasible  to  run  light  locomotives  and 
light  cars  on  light  rails  on  light  bridges  with  a  gauge  of  4  feet  8}  inches,  as  it  is  with 
a  gauge  of  3  feet.  Forty-pound  rails  and  cars  of  10  or  even  5  tons  capacity  are  by  no 
means  uncommon  on  standard  gauge  and  SO^pound  rails  and  40-ton  capacity  cars  are 
used  on  3-foot  6-inch  gauge. 

It  is,  however,  too  often  the  case,  and  especially  so  in  South  America  that  the  stand- 
ards of  construction  required  by  the  government  regulations  are  determined  by  the 
width  of  the  gauge  rather  than  by  the  traffic  requirements,  and  heavy  construction  if 
necessary  on  broad-gauge  lines  because  they  are  broad  gauge  rather  than  because 
they  do  or  do  not  handle  a  heavy  traffic  and  there  is  no  chance  for  disdiminatioii, 
allowing  light  construction  on  broad-gauge  lines  built  for  development. 

It  is  also  useless  to  compare  operating  results  on  any  two  specific  existing  lines,  as 
conditions  always  differ,  and  the  only  reasonable  comparison  is  between  the  cost  and 
efficiency  of  lines  designed  to  meet  the  same  conditions  in  the  same  place.  Because 
a  narrow-guage  line  in  the  Argentine  is  less  efficient  than  a  standard-gauge  line  in  the 
United  States  proves  no  more  in  regard  to  the  relative  value  of  gauge  than  does  the 
statement  of  fact  that  the  broad-gauge  line  between  Buenos  Aires  and  Rosario  is  more 
efficient  and  earns  more  than  either  of  the  narrow-gauge  lines  between  these  same 
two  cities.  It  is  possible,  however,  to  assume  a  certain  line  and  estimate  with  rea- 
sonable accuracy  the  effect  of  a  difference  in  width  of  track  and  roadbed  on  the  cost 
of  construction,  and  also  though  with  a  lesser  degree  of  accuracy  the  effect  of  differ- 
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ence  of  gaoge  on  cost  and  economy  of  operation,  and  the  figures  given  in  the  following 
discufldon  have  been  generally  arrived  at  on  this  basis.  • 

The  arguments  in  favor  of  the  broad  gauge  may  be  dismissed  with  a  very  brief 
aigument  inasmuch  as  the  efficiency  of  these  lines  as  transportation  machines,  while 
admittedly  no  less,  is  still  no  greater  than  those  of  standard  gauge,  and  th^efore, 
there  seems  to  be  no  warrant  for  their  additional  cost,  slight  thou^  it  may  be. 

The  i>rincipal  and  most  prosperous  lines  in  the  Argentine,  one  of  the  most  im- 
portant lines  in  Brazil  and  the  older  lines  in  Chili  are  broad  gauge.  They  comprise 
not  only  one-third  of  the  total  length  of  all  the  railways  of  South  America,  but  are  by 
far  the  most  important  lines  when  judged  by  their  traffic  and  earnings,  and  ther^ore, 
are  at  least  entitled  to  considention.  They  are  undoubtedly  efficient  transportaticm 
machineiy  but  it  needs  no  aigument  to  show  that  neither  the  cost  of  haulage  nor  the 
capacity  for  traffic  is  any  different  on  them  than  the  cost  of  haulage  or  the  capacity 
of  lines  of  4-loot  S^-inch  gauge  operated  under  similar  conditions. 

According  to  the  story,  which  is  generally  accepted  as  true,  the  introduction  of  the 
Moot  6-inch  gauge  was  purely  accidental  and  was  due  to  the  fact  that  certain  railway 
material  originally  intended  for  use  in  India  was  diverted  to  the  Crimea  during  the 
war  of  1854-55,  and  at  its  conclusion  sold  to  the  contractor  who  built  the  first  line  from 
what  is  now  the  Plasa  Once  in  Buenos  Aires  to  Flores,  a  distance  of  6  kilometers,  and 
which  now  forms  part  of  the  Buenos  Aires  Great  Western,  one  of  the  lines  of  the  strong 
River  Plate  House  group. 

The  argument  in  favor  of  the  broad  gauge,  especially  in  view  of  the  traffic  demands 
on  many  lines,  such  as  those  in  the  United  States,  is  that  they  would  have  a  greater 
capacity  by  reason  of  the  possible  laiger  dimensions  of  the  rolling  stock.  Mr.  James 
J.  Hill  writes: 

In  the  development  of  much  of  the  territory  of  the  United  States,  the  original  cost 
of  construction  of  the  4-foot  S^hh^ch  gauge  was  all  that  (and  in  many  cases  more  than) 
the  country  could  bear,  thoui^  the  writer  has  long  felt  that  it  is  not  certain  but  that, 
for  very  heavy  traffic,  a  &-foot  6-inchgauge  would  have  been  better.  The  difference 
in  the  dead  weight  of  the  car  would  not  be  great,  and  the  center  of  gravity  would  be 
nearer  the  rail. 

As  a  matter  of  fact,  however,  the  established  clearances  which  govern  the  widths 
of  rolling  stack  are  greater  on  the  standard-gauge  lines  of  the  United  States  of  NorA 
America,  than  they  are  on  any  of  the  broad-gauge  lines  either  in  South  America  or 
dbewhwe.  Figure  2  gives  the  standard  dearance  diagrams  adopted  by  the  Aigoitme 
Government  and  Figure  3  the  standard  adopted  by  the  New  Ywk  C^tnd  d  Hudson 
River  Railroad,  one  of  the  most  important  lines  in  the  United  States.  These  show 
lor  the  Argentine  broad  gauge  a  clearaoce  of  2.10  meters  (6  feet  10}  inches)  from  the 
center  line,  and  for  the  United  States  standard  gauge  2.133  meters  (7  feet). 

The  fact  that  the  center  of  gravity  would  be  low^  on  the  rolling  stock  ot  wider 
gauge  is  by  no  means  an  entirely  favorable  argument,  as  it  is  well  known  that  this 
tends  to  produce  greater  lateral  stresses  in  the  track,  a  particularly  undesirable  feature 
for  new  lines  of  light  traffic  and  consequently  li^t  construction  and  especially  in 
countries  where  ballast  is  scarce  and  expensive. 

The  capacity  of  the  standard  gauge  is  amply  attested  by  the  fact  that  there  is  acta- 
ally  in  operatioh  in  North  America,  a  locomoti\e  ct  160,000  pounds  tEactlve  eSori, 
very  much  larger  than  any  developed  for  the  broad  gauge  ^  (though  not  of  comae 
beyond  its  possibilities)  and  that  it  is  said  to  be  entirely  feasible  to  build  standard- 
gauge  locomotives  to  develop  as  much  as  200,000  pounds  tractive  effort  piodnciQg 
a  Uxce  far  beyond  the  strength  of  ordinary  couplings  and  draft  rigging  to  tniwmit, 
so  that  the  limit  of  the  standard  gauge  has  not  been  reached. 

It  seems  highly  improbable  now  tiiat  the  broad  gauge  will  be  iutrodaced  into  ncrv 
areas,  or  ext^ded  greatly  beycmd  the  limits  withiu  which  it  is  now  optnXeL    One 

>  The  heaviest  locomotives  fai  the  Argentine  have  a  tractive  effort  ol  about  50,000  pooadiw 
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most  unfavorable  feature  in  connection  with  its  adoption  in  new  countries  has  been 
that  it  has  almost  invariably  led  to  the  construction  of  narrow-gauge  lines,  as  the 
advantage  of  3  feet  over  5  feet  6  inches  makes  an  appeal  to  the  layman  and  the  ordinary 
observer,  which  appears  quite  worth  while,  whereas  the  difference  between  the  narrow 
gauge  and  4  feet  8^  inches  is  not  so  easily  apparent. 

The  writer  has  previously  discussed  in  considerable  detail  in  a  paper  presented  to 
the  American  Society  of  Civil  Engineers '  the  various  arguments  advanced  in  favor 
of  the  narrow  gauge,  and  these  details  will,  therefore,  be  only  very  brieifly  alluded 


CLEARANCE  DIAGRAMS 
ARGENHNE  RAILWAYS 

AS  APPROVED  BY  DECREE  OF  MAY  18^ 


1900 


NARROW  GAUGE 
LOMetar-SfUSIiia. 

Track!  Oft  Uain  LtnoSLMnu-  U  Sy  0.0. 

Ttuika  l»  SttMiou  MO  in.«iS  WOia 


Vi.od  GAUGE 
l.SSMeUr««5fU«iB. 
Tradu  en  iUbx  r^o<v  l.20m.«lsVx'o.a 
Tracks  ia  Statioai  1.50  ni.«u'9>|  0.a 


MEDIUM  GAUGE 

Traeki  on  Main  Lin*  l,Wm.mVh:^OJ0, 
Tracks  Is  Statloiu  4.»  a.ali'ijj0A 


to  here.  In  that  paper  many  references  were  cited  which  led  to  the  following 
conclusions: 

Cwrvature. — ^Within  the  limits  of  the  practical  operation  of  railroads,  any  radius 
curvature  which  is  feasible  on  meter  gauge  is  as  practical  on  4  feet  8}  inches  or  even 
5  feet  6  inches. 

Oradients, — ^The  working  of  trains  on  steep  gradients  is  not  affected  by  gauge,  except 
in  so  far  as  the  narrow  gauge  cuts  down  the  locomotive  capacity,  and  is,  therefore,  at 
great  disadvantage. 
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Location, — In  view  of  the  above,  the  nairow  gauge  (3  feet  to  3  feet  6  inchee)  doe 
not  permit  better  adaptability  of  the  alignment  to  the  conformation  of  the  grouiuL 

Co$t  of  oomtTuction. — ^This  ia  usually  so  little  more  for  4  feet  8}  inchee  than  for  the 
3  feet  or  3  feet  6  inches  as  to  be  more  than  counterbalanced  by  economy  in  opemtton. 

Speed.— ThiB  is  an  important  feature  in  railway  operation,  which  is  advetoely 
affected  by  narrow  gauge. 

StabUUy.— The  relative  stability  of  nanow-gauge  trains  in  motion  is  much  lea 
than  that  of  trains  on  medium  or  broad  gauge,  and  consequently,  hi^  speeds  are 
impractical  on  narrow  gauge,  and  may  be  dangerous. 


*  L68  ^ 


1.447 


^E^' 


>«i«t 


H i'9^ -f* — 


— «'«" 


All  P«laU  •!  XqulpBtBt  oiatl  b«  vltbla  "OatUnt  of  HaxlaoBi  X^pacnt*' 

Track  itre$$e$. — There  is  greater  impact,  and  therefore,  more  difficulty  in  nudntain- 
ing  track  on  narrow  than  on  broad  gauge. 

Rolling  etock— Care, ^The  greater  width  in  proportion  to  the  gauge  of  nantnr- 
gauge  cars  is  a  necessary  evil  rather  than  an  advantage,  and  there  is  probably  no 
advantage  to  be  gained  by  making  the  broad  (5  feet  6  inches)  gauge  cars  any  wider 
than  they  are  at  present.  In  the  matter  of  passenger  cars,  the  narrow  gauge  isjat  a 
decided  disadvantage  both  as  to  cost  per  unit  of  accommodation,  and  in  dead  wei^it 
per  passenger.    In  freight  cars  there  is  little  difference  in  cost  within  the  limits  of 
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size  possible  on  the  narrow  gauge,  though  cars  of  twice  the  capacity  are  available 
for  medium  or  broad  gauge.  The  increase  in  weight  of  modem  freight  trains,  in 
order  to  decrease  the  cost  of  operation,  has  made  heavier  draft  rigging  necessary, 
thus  tending  to  increase  the  proportion  of  dead  to  paying  load  to  a  much  greater 
extent  on  cars  of  small  capacity  than  on  the  larger  ones. 

Locamotwes. — ^The  cost  per  unit  of  capacity  of  locomotives  is  about  the  same  for 
each  gauge,  up  to  the  limit  of  the  narrow  gauge,  which  limit  for  all  types  is  about 
half  that  of  the  4  feet  8)  inches  or  5  feet  6  inches.  There  is  an  economy  in  the  use  of 
heavier  types  of  locomotives  not  available  for  the  narrow  gauge,  and  the  use  of  can 
of  large  capacity  is  a  necessity  for  cheap  transportation. 

Tram  remtariee, — Train  resistance  (rolling  friction  per  unit)  is  decreased  by  the 
use  of  larger  units. 

Traffic  eapacUy. — Figures  are  given  tending  to  show  that  the  relative  traffic  capacity 
of  narrow-gauge  lines  is  not  more  than  half  that  of  medium  or  broad  gauge. 

Heavier  engines  and  trains, — ^The  use  of  heavier  engines  and  trains  has  been  one  of 
the  most  important  factors  in  obtaining  the  low  costs  of  haulage  in  the  United  States. 

Cost  of  operation, — The  ton-mile  costs  on  both  Indian  and  Australian  railwa3rs,  as 
well  as  on  those  in  the  Argentine,  are  less  on  the  medium  and  broad  gauge  than  on 
the  narrow  gauge,  although  the  train-mile  costs  are  often  higher. 

The  lowest  ton-mile  costs  on  any  railway  in  the  Argentine  are  more  than  twice  as 
high  as  they  are  in  the  United  States.  Tlie  saving  in  cost  of  operation,  due  to  the 
use  of  larger  cars  and  heavier  trains,  would  be  considerable,  and  would  in  itself  go  a 
long  way  toward  meeting  the  interest  charge  on  the  additional  cost  of  the  wider  gauge. 

Cost  of  mainUnance. — ^Maintenance  of  way  probably  costs  more  per  traffic  unit  on 
narrow  than  on  medium  or  broad  gauge  on  any  but  lines  of  very  light  traffic. 

Maintenance  of  equipment,  should  be  less  on  medium  or  broad  gauge  by  reason  of 
the  larger  capacity  and,  consequently,  lesser  number  of  locomotives  and  vehicleo, 
provided  there  is  business  to  warrant  the  use  of  these  larger  units. 

Only  a  few  points  in  this  statement  will  be  discussed  in  a  little  more  detail  here 
because  the  Mlacies  which  they  controvert  are  so  generally  accepted  not  only  among 
laymen,  but  by  some  railroad  operators  and  even  by  many  engineers. 

It  is  quite  generally  accepted  as  a  fact  that  it  is  possible  to  operate  trains  over 
sharper  curves  on  narrow-gauge  lines  than  on  standard  or  broad  gauge.  Construed 
literally  this  is,  of  course,  true,  but  within  the  limits  of  the  practical  operation  of 
railroads  constructed  for  reasonable  commercial  use  as  transportation  machines  it 
is  not.  The  regulations  of  the  Argentine  €K>vemment  prescribe  a  minimum  radius 
of  150  meters  (490  feet)  for  curves  on  meter-gauge  lines.  That  this  is  by  no  means 
an  uncommon  radius  for  lines  of  standard  gauge  is  shown  by  the  fact  that  on  the  main 
transcontinental  line  of  the  Canadian  Pacific  Railway,  to  improve  the  line  to  provide 
for  heavier  traffic,  two  spiral  tunnels  have  just  been  completed  on  10^  (574  feet  radius) 
curves.  On  the  main  line  of  the  Atchison,  Topeka  d  Santa  Fe  Railway,  one  of  the 
principal  transcontinental  lines  in  the  United  States,  there  are  curves  of  109  meters 
(357  feet)  radius  over  which  locomotives  weighing  425  tons  are  operated.  The 
Peruvian  mountain  railways  have  many  curves  of  100  meters  (328  feet)  radius.  On 
the  main  line  of  the  Southern  Pacific  Railway  in  California,  on  which  between  30 
and  40  trains  per  day  with  an  average  tonnage  of  about  1,000  tons  per  train  are  handled, 
there  are  many  curves  of  169  meters  (555  feet)  radius.  On  the  subways  and  elevated 
railway  lines  in  New  York  City  over  a  million  passengers  are  carried  daily  around 
curves  of  100  to  150  feet  radius  (35  to  50  meters).  Such  instances  of  actual  practice 
could  be  multiplied,  but  these  are  sufficient  to  sustain  the  argument. 

At  present  there  is  little  demand  in  South  America  for  speeds  in  excess  of  those 
which  can  be  maintained  on  narrow  gauge  lines  in  first-class  condition,  but  the  growth 
of  the  various  lines  is  so  great  and  the  length  of  lines  of  through  communication  being 
so  rapidly  extended  that  increased  speed  is  beginning  to  be  required  in  order  to  per- 
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mit  the  transportation  of  both  freight  and  paaoengerB  over  these  long  distances  with 
reasonable  despatch.  It  can  hardly  be  expected  that  South  Ammca  will  long  remain 
content  with  only  the  inferior  service  which  the  narrow  gauge  allows,  but  will  expect 
and  will  get  as  good  service  as  is  obtained  in  North  America.  This  is  espedaUy  true 
in  those  sections  such  as  Argentina,  where  the  development  of  vast  areas  of  agri- 
cultural country  is  closely  comparable  with  the  development  of  North  America.  The 
limitation  of  speed,  of  course,  also  limits  the  capacity  and  tends  to  hasten  the  time 
when  double  track  will  be  required. 

The  lesser  stability  of  the  narrow  gauge  will  be  immediately  realized  'whexk  one 
stops  to  consider  that  the  height  of  passenger  coaches  must  be  practically  the  same, 
no  matter  what  the  gauge  is.  Considering  the  gauge  reduced  to  a  minimum  with  the 
height  remaining  the  same,  it  can  be  seen  that  a  difference  in  level  of  the  two  ndls  of, 
say  one-quarter  inch— less  than  that  of  many  low  joints  in  earth  ballast— would  be 
sufficient  to  overturn  a  sufficiently  nurow  and  high  vehicle,  whereas  it  would  have 
very  little  effect  on  a  wide  one,  even  at  high  speed.  Then  again,  as  soon  as  uneven- 
ness  develops  in  the  track,  the  shock  caused  by  passing  trains  is  greats  on  the  nanow 
gauge  by  reason  of  the  greater  height  in  proportion  to  width,  and  becomes  wone 
much  more  quickly,  thus  increasing  the  cost  of  maintenance  and  making  the  hard- 
riding  track  so  often  noticed  on  narrow  gauge  roads.  This  point  should  be  empha- 
sized strongly  as  it  is  quite  important  and  often  lost  sight  of  by  those  who  compare 
the  efficiency  of  rolling  stock  on  one  gauge  or  the  other. 

In  the  paper  previously  referred  to  ^  the  writer  gave  in  detail  the  costs  of  constmc- 
tion  of  lines  of  light,  medium,  and  heavy  earthworks  and  bridging  of  three  different 
gauges,  narrow  (meter),  standard  (4  feet  8}  inches),  and  broad  (5  feet  6  inches)  with 
a  view  to  the  determination  of  the  effect  of  the  difference  in  such  costs  due  to  the  dif- 
ference in  the  width  of  the  gauge  of  the  track.  These  estimates,  summarized  in 
Table  2,  were  made  by  the  writer  with  special  care  to  guard  against  favoriiitg  the 
standard  gauge,  and  it  was  pointed  out  in  the  discussion  of  the  paper  that  the  asBumed 
differences  as  here  given  are  probably  greater  than  they  actually  would  be  in  practice. 
The  writer  himself  thinks  this  is  true,  but  nevertheless  they  have  not  been  changed, 
as  the  difference  in  first  cost  between  the  meter  and  the  4  feet  8^  inches,  even  as  shown 
by  these  tables,  is  not  considered  by  him  to  be  sufficient  to  counterbalance  the  ad- 
mitted superiority  of  the  standard  gauge  as  a  transportation  machine. 

Table  2. 


I  Cost  per  mile,  In  gold  dollars. 


Gauge. 


Light.     Medium.     Heavy. 


Narrow $29,772 

Medium 31,581 

Broad ;     32,861 


$54,760 
57,920 
60,430 


$92,573- 
102,892 
107,553 


Cost  per  kilometer,  In  gold 
dollaR. 


Light     Medium.    Heavy. 


$18,458 
19,580 
20,374 


$33,951 
35,910 
37,467 


$57,386 
85,798 
M,6S3 


Table  3  shows  the  manner  of  working  out  these  estimates  in  detail  for  an  assumed 
line  of  mediimi  earthworks  and  bridging,  the  light  and  heavy  having  been  estimated 
in  a  similar  manner.  It  will  be  noted  that  the  only  items  affected  by  the  difference 
in  gauge  are  practically  the  width  of  the  earthworks,  lengths  of  culverts,  length  of  tieo, 
and  very  slightly  the  cost  of  track  laying,  somewhat  lees  than  20  per  cent  of  the  whole. 

It  is  very  difficult  to  arrive  at  any  definite  conclusion  as  to  the  effect  of  gauge  on 
costs  of  operation,  but  in  the  paper  referred  to  a  somewhat  extensive  analysis  was 
made  which  tended  to  show  that  on  lines  of  any  fair  density  of  traffic  the  probabilities 
are  that  this  traffic  could  be  handled  m^e  cheaply  on  standard  gauge  than  on  narrow. 
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The  very  low  costs  per  ton-mile  for  moving  bulk  freight  long  distances,  in  the  United 
States  is  due  to  a  very  great  extent  to  the  movement  of  this  class  of  goods  in  laige 
cars  in  long  heavy  trains,  both  cars  and  trains  far  beyond  the  ultimate  capacity  of  the 
narrow  gauge,  but  even  overlooking  this  important  factor,  a  difference  in  gauge  would 
of  course  be  htsl  to  any  attempt  to  provide  cheap,  efficient  transportation  of  bulk 
freight. 

Tablb  Z.^Effect  of  gauge  an  cost  of  new  e(m$truciion,  medium  earthuwrlB,  and  bridging. 


Cost  per  mfle,  in  gold. 


Meter. 


4feet8i 
Inches. 


5feet6 
Inches. 


Right  of  way,  station  grounds,  terminals- 
Clearing 


Earthworks.. 

Bridges 

Culverts 


Track: 

Rails  and  tutenings,  70-pound  rail.. 
Ties. 


Lavhigand  surftidng 

Ballasting,  half  earth,  half  stone 

Yards  and  sidings,  20  per  cent  of  amount  for  rails,  ties,  layhig,  and  sur- 
facing.. 


Cattle  giutrda,  fences,  tiaOk  signs 

Bufldlngs,  shops,  stations,  section  houses,  water  supply,  etc. 

Telegnph  and  tdephone 

Docks  and  wharves 

General  expenses  and  administration 

Engineering 

Le^  expenses 


.15  per  cent. 


Contingencies,  5  per  cent 

Expenses  of  promotion,  2percent 

Interest  during  construction,  8  per  cent. 


Equipment  (rolUng  stock,  etc.),  assumed  for  same  amount  of  traffic. 

PermHe 

Per  kilometer 


250 
18,460 
5,000 
5,000 

4,000 

3,000 

•   800 

850 

1,750 

450 
2,500 

560 
50 

400 
1,800 

270 


44,750 
6,710 


51,460 
3,330 


54,760 


33,951 


S40 

250 

10,430 

5,500 

5,300 

4,000 

3860 

900 

850 

1,920 

460 
2,500 

560 
50 

400 
1,300 

270 


47,580 
7,140 


54,720 
3,200 


57,920 


35,910 


$40 

250 

20,260 

6,000 

5,600 

4,000 

4,280 

1,000 

860 

2,030 

470 
2,500 

560 
50 

400 
1,300 

370 


48,860 
7,480 


57,330 
3,100 


60,430 


37,467 


Speaking  generally,  an  examination  of  the  railway  situation  in  South  America  will 
show  that  the  broad  gauge  is  firmly  established  in  the  extreme  south,  that  is,  south  of 
Rosario,  Cordoba,  and  Mendoza  in  Argentina  and  south  of  Valparaiso  in  Chile. 

The  standard  gauge  is  established  in  the  two  enterriano  Provinces  of  the  Argentina, 
namely,  Entre  Rios  and  Corrientee,  in  Uruguay  and  Paraguay.  In  the  rest  of  South 
America,  narrow  gauges  of  different  widths  are  almost  universal. 

In  an>>  practical  consideration  of  the  question  at  this  time,  and  if  anything  but  the 
ideal  uniform  gauge  of  4  feet  8^  inches  (1.44  meters)  is  to  be  considered,  it  must  be 
assumed  at  once  that  the  broad  gauge  lines  must  remain  as  they  are.  Within  this  area 
there  are,  however,  certain  meter-gauge  lines,  including  the  Transandean,  which  is 
an  anomaly  inasmuch  as  it  is  a  link  in  a  through  route  connecting  with  broad  gauge 
lines  at  each  end. 

It  would  seem  to  be  reasonable,  therefore,  if  we  depart  from  a  single  standard  gauge 
to  adopt  the  principle  that  south  of  a  line  through  Santa  Fe,  Cordoba,  and  Mendoza  in 
the  Argentina  to  Valparaiso  in  Chile,  the  broad  gauge  (5  feet  6  inches«1.68  meters) 
should  be  maintained  and  adopted  as  the  standard  for  this  area. 

The  standard  gauge  (4  feet  8)  inches)  zone  is  then  next  to  be  considered  and  this 
includes  the  whole  of  two  countries,  Uruguay  and  Paraguay,  as  well  as  two  whole 
Provinces  in  the  Argentina  contiguous  to  these  two  countries,  and  comprising  alto- 
gether a  complete  unit  of  territory.   It  is  probably  out  of  the  question  to  even  suggest 
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any  change  within  this  area.  The  Governments  would  hardly  consent  to  the  adoption 
of  an  inferior  gauge  and  with  it  obtain  an  inferior  transportation  machine  idiich  they 
would  have  to  pay  money  to  obtain,  and  they  would  derive  no  advantage  from  a  wider 
gauge.  There  are  some  5,000  miles  of  line  in  this  temUsry  which  it  would  cost  say 
$10,000,000  to  convert  to  broad  gauge.  The  only  expectation  of  getting  this  sum  ol 
money  would  be  from  the  Argentine  Government  and  this  is  out  of  the  question, 
inasmuch  as  it  would  be  perpetuating  an  error  and  ccnnmitting  a  laiger  extent  d 
territory  to  increased  costs  for  future,  extensions.  It  would  cost  far  less  in  the  long 
run  to  convert  the  broad-gauge  lines  of  the  Argentina  to  standard  than  to  conveit 
these  standard-gauge  lines  to  broad  and  pay  the  additional  cost  of  building  and  main- 
taining all  future  lines  in  this  territory  of  the  broader  gauge.  It  seems,  therefore,  as 
if  the  (4  feet  8)  inches  =1.44  meters)  standard  should  be  retained  in  this  area,  and 
measures  adopted  to  prevent  the  introduction  of  lines  of  other  gauge. 

In  the  rest  of  South  and  Central  America  the  lines  are  all  narrow  gauge,  except  for 
two  important  groups  of  standard-gauge  lines,  one  in  Chili  in  the  northern  nitrate 
district  and  the  other  in  Peru,  the  Oroya  and  Peruvian  Southern.  The  writer  has  no 
information  in  regard  to  the  traflk  of  the  Chilian  standard-gauge  lines,  but  the  Peruvian 
lines  do  not  now  and  probably  never  will  be  called  upon  to  handle  a  dense  trafSc. 
It  could  probably  be  handled  within  the  limits  of  the  capacity  of  a  singie-tiack  meter- 
gauge  line,  though  it  is  rather  difficult  to  conceive  of  the  adoption  of  what  is  naturally 
looked  upon  as  a  backward  step. 

In  view  of  the  fact,  however,  that  in  all  the  territory  of  South  America,  except  the 
broad  and  standard  gauge  zones  referred  to  above,  the  narrow  gauge  is  almost  universal* 
it  must  be  assumed  that  if  the  ideal  of  a  complete  system  of  standard  gauge  (4  feet  8| 
inches)  lines  can  not  be  attained,  the  next  best  thing  would  be  to  adopt  a  standard- 
narrow  gauge  for  this  area,  and  in  view  of  the  universal  adoption  of  the  metric  system 
in  all  the  countries  of  South  America  and  the  great  predominance  of  the  meter  gauge 
over  all  the  other  narrow  gauges,  that  this  should  be  adopted  as  the  standard  South 
American  gauge,  except  in  the  two  sones  referred  to. 

Although  the  writer  is  firmly  convinced  of  the  desirability  of  obtaining  a  uniform 
gauge  for  the  whole  of  the  Western  Hetnisphere,  and  that  this  gauge  should  be  4  feet 
8}  inches,  he  realises  that  the  narrow-gauge  fallacy  is  too  deeply  rooted  and  too  many 
people  are  convinced  that  it  is  good  enough  for  the  present  traffic  requirements,  and 
probably  for  some  time  in  the  future,  to  permit  of  the  general  acceptance  of  the  idea 
that  any  movement  toward  a  change  is  either  necessary  or  desirable,  at  any  rate,  now. 
Neva*thdesB,  men  of  any  breadth  of  virion  and  of  fiiith  in  the  future  must  deariy 
perceive  the  chaotic  condition  into  which  the  railway  system  of  the  southern  conti^ 
nent  Ib  drifting  for  lack  of  concerted  action,  and  the  multiplied  inconveniences  which 
wUI  be  the  sure  results  as  the  net  work  is  connected  up. 

The  writer  does  not  pretend  to  even  outline  a  complete  solution;  this  must  be  the 
result  of  careful  and  complete  study  by  an  International  commission.  If  the  idea  be 
adopted  a  course  of  procedure  would  then  be  laid  out,  developing  certain  through 
routes  at  first  and  gradually  extending  the  change  to  the  whole  net.  ' 

The  following  ia  suggested  merely  as  a  typical  possibility.  Establish  a  through 
standard-gauge  line  from  Buenos  Aires,  through  Santa  Fe,  Tucuman,  and  La  Quiaca  to 
I^  Paz  and  so  connect  with  the  standard-gauge  lines  of  Peru.  Establish  a  car  ferry 
from  Buenos  Aires  to  Colonia,  in  Uruguay,  and  a  throu^  standard-gauge  route  from  the 
Uruguayan  border  through  southern  Brazil  to  Kio,  thus  providing  a  through  line  from 
Buenos  Aires  to  Rio  de  Janeiro.  From  some  point  on  this  line,  say  near  Curityba 
build  through  the  Iguazu  Valley  to  connect  with  the  Paraguayan  standard-gauge  lines. 
ConvCTt  the  line  from  Sao  Paulo  to  Corumba  to  standard  gauge  and  extend  it  to  Sucre 
and  La  Paz,  and  so  link  up  Peru  and  Bolivia  with  the  Atlantic  Seaboard  at  Santos  and 
Rio.  The  establishment  of  this  triangle,  which  with  the  existing  transcontinental 
line  between  the  Argentintr  and  Chili  would  establish  through  direct  railway  corn- 
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munication  between  the  capitals  of  all  the  countriee  south  of  the  equator,  would  at 
once  show  the  advantage  of  unifonn  gauge,  it  would  facilitate  through  communication 
and  at  the  same  time  open  up  country  which  with  wise  management,  under  proper 
encouragement  to  immigration  and  colonization  would  fumiah  traffic  to  place  the 
system  on  a  paying  basis  within  a  reasonable  length  of  time. 

With  such  a  system  established  as  an  object  lesson  as  it  could  be  with  the  active 
cooperation  of  the  countries  interested,  the  solution  of  the  gauge  question  would  be 
in  sight,  and  be  then  only  a  question  of  time  and  the  working  out  of  details. 

No  one  realizes  more  dearly  than  the  writer  the  difficulties  to  be  overcome  before 
such  a  scheme  could  be  undertaken  and  put  into  effect,  and  particularly  so  at  this 
time  when  South  America  is  literally  staggering  under  the  finandal  difficulties  caused 
by  the  upsettiug  of  sources  of  credit  and  channels  of  trade  by  the  European  war» 
The  railways  of  southern  Brazil  are  in  the  hands  of  a  receiver,  and  to  talk  of  devdoping 
a  through  hst  passenger  route  to  Rio  overland  through  this  territory,  will  seem 
chimerical.  We  must  look  beyond  the  present  clouds,  however,  and  attempt  to  realize 
that  great  as  is  the  present  crisis,  it  is  only  a  temporary  set-back  in  the  progress  of  the 
world.  The  writer  is  not  alone  in  advocating  such  a  scheme;  the  time  is  in  sight  when 
the  importance  of  saving  time  between  the  great  republics  of  the  South  and  Europe  and 
North  America,  will  warrant  the  possible  saving  in  time,  which  will  be  accomplished 
by  placing  Rio  and  Pemambuco  within  two  or  three.days  rail  journey  of  Buenos  Aires, 
and  the  latter  within  10  days  of  London,  Paris,  and  New  York.  To  those  who  know 
Buenos  Aires,  and  the  riches  of  the  Argentine  Republic,  it  will  be  realized  that  thia 
is  far  from  chimerical,  especially  when  one  stops  to  consider  the  millions  which  have 
been  spent  to  clip  an  hour  or  two  olT  the  time  between  New  York  and  Europe. 

Adjournment. 
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SESSION  OF  SUBSECTION  6  OF  SECTION  V. 

Raleigh  Hotel, 
Thursday  momingj  January  ff,  1916. 

Chairman,  Elmeb  E.  Corthbll. 

The  session  was  called  to  order  at  9.30  o'clock  by  the  Ghairman, 
who  announced  the  following  paper:  Table  of  rectangular  coordinates 
for  sexagesimal  and  centesimal  arcs,  by  Iberio  San  Roman,  National 
University  of  Buenos  Aires. 

The  abstract  of  this  paper  follows  in  Elnglish  and  Spanish: 

TABIiB    OF   RBCrANOULAB   COORDINATSS   VOB   BBZAGESDCAIi   AND   GBNTBaDCAIi   ABC8, 

Thia  work  offers  to  the  consideration  of  the  congress  a  table  which  gLves  the  rec- 
tangular coordinates  (x=a  cos  a;  y»a  sin  a)  for  centesimal  and  sexagesimal  division  <rf 
arcs  from  ten  to  ten  seconds.  It  has  the  same  arrangement  as  the  well-known  Traverse 
Table  by  Boileau,  from  minute  to  minute,  but  this  table  has  the  advantage  of  giving  a 
more  detailed  approximation  permitting  the  employment  of  this  table  in  topographical 
work,  which  requires  great  accuracy. 

The  author  believes  that  this  table  is  the  most  exact  yet  made  and  gives  the  cooidi- 
nates  without  the  need  of  interpolation.  The  author's  extended  professional  practice 
in  topographic  work  in  the  Argentine  Republic,  as  well  as  his  experience  as  professor 
in  the  University  of  Buenos  Aires,  permit  him  to  state  that  this  new  table  ia  very 
useful  for  all  professional  men,  not  only  saving  time  but  also  leAening  the  chances  of 
making  such  mistakes  as  are  liable  when  using  the  logarithmic  method  or  calculating 
machines. 

On  the  author's  return  to  Argentina  he  intends  to  publish  this  table  as  being  a  forward 
step  in  the  calculations  of  rectangular  ordinates,  which  have  such  an  important  place 
in  the  solution  of  the  planimetric  problem. 

TABLAS  COORDENADAS  RECTANOULARBS  PARA  ARC08  SBXAaBSIHALES  T  CENTESIMALBS. 

Eete  trabajo  presenta  al  Gongreso  una  tabla  que  da  las  coordenadas  rectangulares 
{x=a  cos  a;  y=a  sin  a)  para  la  diviai6n  centesimal  y  sexagesimal  de  arcos  de  diez  en 
diez  segundos.  Estd  hecha  enteramente  igual  a  la  conocida  tabla  Traversal  de  Boileau, 
de  minuto  en  minuto;  pero  esta  tiene  la  ventaja  de  dar  una  aproximaci6n  m^  detaUada 
que  permite  su  uso  en  trabajos  topogrificos  donde  se  exige  gran  exactitud. 

El  autor  cree  que  esta  tabla  ee  la  mis  exacta  que  hasta  hoy  se  ha  hecho,  y  da  las 
coordenadas  sin  necesidad  de  la  interpolaci6n.  La  laiga  experiencia  que  ha  tenido 
el  autor  en  trabajos  topogr&ficos  en  la  Argentina,  asf  como  su  experiencia  como  Flro- 
f esor  de  Topograf fa  en  la  Universidad  de  Buenos  Aires,  le  permiten  asegurar  que  esta 
nueva  tabla  ee  muy  titil  para  todo  profeaional,  no  s61o  para  ahwrar  tiempo,  mno  para 
<lisminuiT  las  probabilidadee  de  error,  espedalmente  cuando  se  usa  el  m^todo  logarit^ 
mico,  y  tambi^  para  los  m^todos  en  que  se  emplean  m&qiiinas  de  ealcular. 
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Al  regresar  el  autor  a  la  Argentma,  piensa  publicar  esta  tabla  que  constituye  un  paso 
adelante  en  el  c41culo  de  las  coordenadas  rectangularee,  las  que  ocupan  un  lugar  tan 
importante  en  la  solucidn  de  los  problemas  planim^tricos. 

Mr.  Lewis  Jones,  one  of  the  associate  editors  of  the  weekly  engineer- 
ing pubhcation  named  '*  Power,"  stated  to  the  members  present,  on 
the  part  of  the  editors  of  that  publication,  that  it  would  be  pleased  to 
publish  at  its  own  expense,  free  of  all  cost  to  the  contributor,  if  a 
member  of  the  Congress,  articles,  discussions,  and  papers  on  subjects 
pertaining  to  the  generation  and  transmission  of  mechanical  or 
electric  power,  whether  generated  by  water,  steam,  gas,  or  any  other 
means,  and  also  descriptions  of  power  plants  such  as  might  prove  of 
value  and  mutual  advantage  to  Pan  America.  And  he  asked  that 
this  statement,  contributed  by  him  in  English  and  Spanish,  be  sent 
to  all  the  delegates  interested  in  matters  of  which  his  publication 
treats  for  their  reference  and  use  after  they  shall  have  returned  to 
their  homes  after  the  Congress.  He  also  extended  an  invitation  to 
all  delegates  passing  through  New  York  to  visit  the  publishing  offices 
of  'Tower"  at  36th  Street  and  Tenth  Avenue,  New  York  City. 

Adjournment. 
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SESSION  OF  SUBSECTION  6  OF  SECTION  V. 

Raleigh  Hotel, 
Friday  mcmmg^  Jcmuary  7, 1916. 

Chairman,  W.  H.  Bixbt. 

The  meeting  was  called  to  order  at  10  a.  m.  by  the  chairman,  who 
announced  that  there  were  no  further  papers  to  be  presented,  and 
that  all  recommendations  or  resolutions  so  far  received  and  approved 
by  the  conamittees  of  subsections  and  by  that  of  Section  V  had  been 
transmitted  to  the  executive  conunittee  of  the  Congress. 

Mr.  John  Finney.  Mr.  Chairman,  before  this  meeting  adjourns,  I 
want  to  offer,  in  the  form  of  a  resolution,  the  very  sincere  liianks  of 
Section  V  to  the  chairman  and  secretary,  and  particularly  to  Mrs. 
Corthell,  for  the  efficient  work  done  by  them  in  making  for  the  success 
of  Section  V.  I  do  not  know  what  we  would  have  done  without  all 
three  of  them. 

The  resolution  was  unanimously  adopted. 

Adjournment  sine  die  of  Section  Y . 
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